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1. Scope and Applicability

This Interface Control Document (ICD) outlines mechanical mounting, electrical
connections, power requirements, and software interface between the Inertial Labs
INS and a host computer. It serves as a comprehensive guide for all parties
requiring such information, including engineers and researchers involved in
implementing the interface.
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2. Introduction

2.1. System Description

The Inertial Labs GPS-Aided Inertial Navigation System (INS) is a high-performance
GPS-aided strapdown system designed to calculate absolute orientation, velocity,
and position.

These calculations maintain exceptional accuracy in both static and dynamic
applications due to the Inertial Measurement Unit (IMU), which integrates data from
a tactical-grade MEMS gyroscopes and accelerometers with corrections from the
onboard GNSS receiver and pressure sensor.

The INS has an on-board high-grade GNSS receiver capable of tracking multiple
constellations, including GPS, Galileo, BeiDou, and GLONASS. It supports the
following GNSS correction techniques and services: RTK, PPP, DGPS, and SBAS.

The INS ensures superior performance by leveraging the latest onboard sensor
fusion filters, advanced navigation algorithms, and comprehensive temperature
calibration. It can be enhanced with aiding data and is compatible with external
devices such as Air Data Computer (ADC), Stand-Alone Magnetic Compass
(SAMC), and a wind sensor.

By combining highly accurate sensors, a Kalman Filter-based algorithm, and diverse
correction services, the Inertial Labs INS provides a reliable navigation solution for
land, marine, and aerial applications worldwide.
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2.2. Product Family
Inertial Labs provides the following models of INS products (see Fig. 2.1 to Fig. 2.8):

1 INS-B, INS-BU (basic models), and appropriate OEM versions i uses
high-grade IMU and high-grade single-antenna GNSS receiver

1 INS-P (professional model), and appropriate OEM version i uses high-
grade Fluxgate magnetometers, high-grade IMU, and high-grade single-
antenna GNSS receiver

1 INS-D, INS-DL, INS-DU (dual-antenna models), and appropriate OEM
versions i uses high-grade IMU and dual-antenna GNSS receiver and
measures static and dynamic heading, independent of magnetic field
disturbance.

Important :

1. In this document, all information related to the INS-D is correct for the INS-DL and
the INS-DU, unless otherwise specified.

2. In this document, all information related to the INS-B is correct for the INS-BU,
unless otherwise specified.

3. In this document, all information related to the INS-B, the INS-BU, the INS-P, and
the INS-D is correct for the INS-B-OEM, the INS-BU-OEM, the INS-P-OEM, and the
INS-D-OEM respectively, unless otherwise specified.

4. Any model of INS can be factory configured to contain an internal datalogger to
record data, but only upon request from a customer.

— Fig. 2.2. Inertial Labs
Fig. 2.1. Inertial Labs INS -B and INS -P INS-B-OEM and INS-P-OEM
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Fig. 2.4. Inertial Labs

Fig. 2.3. Inertial Labs INS-D-OEM and INS-DL-OEM
INS-D and INS-DL

Fig. 2.7. Inertial Labs INS -BU

Fig. 2.8. Inertial Labs INS -BU-OEM
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2.3. Coordinate System

Fig. 2.9 shows the INSO <oordinate system, Oxoyozo. This coordinate system is
body-fixed and defined as the calibrated sensors @oordinate system.

Z, (Vertical)

Heading < )
Y, (Longitudinal)

P

Roll

X, (Lateral)
Pitch

Fig. 2.9. Coordinate system of the Inertial Labs INS

Measured angles are the standard Euler angles of rotation from the Earth-level
frame (east-north-up, or ENU) to the body frame: heading first, then pitch, and then
roll. Orientation angles, measured by the Inertial Labs INS, are not limited and are

within common ranges:

! Heading 0é 360
M Pitch +90
1 Roll +180

Additionally, the Inertial Labs INS provides orientation calculation in quaternion form
(Appendix C).
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2.4. Principles of the INS Operation

Fig. 2.10 shows the operational diagram of the Inertial Labs INS.
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Fig. 2.10. Operational Diagram of the Inertial Labs INS
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2.5. GNSS Heading

Important: For dual-antenna INS systems only.

Dual-antenna INS can calculate GNSS heading. The system relies on two spatially
separated GNSS antennas installed on the carrier object to measure the relative
position and phase difference between them.

The system processes GNSS signals received at both antennas and calculates the
direction of the line connecting them. This vector provides the carrier object heading
relative to the true north.

In contrast to traditional systems that rely on magnetometers for heading
determination, GNSS heading is immune to magnetic interference, ensuring reliable
performance in environments with strong magnetic anomalies and eliminating the
need for magnetometer calibration procedures.

2.6. True and Magnetic Heading
Important : For INS operating with magnetometers or SAMC.

The INS first determines magnetic heading using magnetic sensors and then
calculates true North heading by considering the current magnetic declination?.

The magnetic declination can be put directly into the INS memory using a special
command.

Alternatively, the INS can calculate the declination based on the computed latitude,
longitude, altitude, and date.

The system calculates magnetic declination using the World Magnetic Model
WMM2025, pr oduced by the United Sdntelligescé Agidrcyt i o n
(NGA) and the United Kingdomb6s Defence Geoc/

Warning: To use magnetometers for INS heading correction you need to calibrate them
after installing the INS unit on the carrier object. The calibration is required to
compensate for the hard and soft iron effects of the carrier object on the INS
heading determination accuracy (refer to Section 5.9 for details).
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2.7. Loosely Coupled and Tightly Coupled GNSS/INS  Integration
Algorithms

Important: The tightly coupled algorithm is still in development. Once ready, it will be
available upon request within the special firmware.

Loosely Coupled and Tightly Coupled GNSS/INS integration algorithms are two
different approaches used to combine data from GNSS and INS to improve the
accuracy and reliability of a navigation solution.

Loosely Coupled Integration

Positions and velocities derived by GNSS signal processing are merged as
updates of the INS estimate positional information through a navigation Kalman
filter. To further improve the accuracy of the navigation solution, the error
states are fed back to the INS mechanization equation to mitigate the errors
that affect the IMU.

Tightly Coupled Integration (beta test)

The tightly coupled algorithm uses a centralized Kalman filter that integrates
the estimated pseudoranges and Doppler shift from the GNSS receiver and the
information of position, velocity, and attitude coming from the mechanization
equations of the inertial sensors. This Kalman filter estimates the errors in the
INS and GNSS systems. As with a loosely coupled algorithm, the INS error
states are fed back to the INS mechanization equation to mitigate the errors
that affect the IMU.

In both algorithms, the corrected inertial navigation solution forms the integrated
navigation solution.

In loosely coupled integration, at least four satellites are needed to provide
acceptable GPS position and velocity, which are used as measurement updates in
the integration filter. The advantage of tightly coupled integration is that it can
provide GPS measurement updates even when the number of visible satellites is
three or fewer, thereby improving the operation of the navigation system in
degraded GPS environments by providing continuous aiding to the inertial sensors
even during limited GPS satellite availability (like in urban areas and downtown
cores).

Another benefit of working in the tightly coupled scheme is that satellites with bad
measurements can be detected and rejected one by one.
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Current tightly coupled algorithm has limitations in Inertial Labs INS: it uses GPS
and GLONASS constellations only and does not use corrections like DGPS or
SBAS.

The choice between loosely and tightly coupled GNSS/INS integration depends on
the specific needs of the application. Please, contact inertial labs to take advice on
each algorithm usage depending on operational conditions.

By default, the INS unit uses the Loosely Coupled GNSS/INS integration algorithm.
The Tightly Coupled GNSS/INS integration algorithm is available within the special
firmware. In such a case, the desired algorithm can be directly chosen using the
LoadINSpar_ RAM command. To do this, you need to modify the
GNSS_INS_Integration parameter (see code 0x73 in Table 5.99).
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3. Mechanical Interface

This section shows the outline drawings of both the Inertial Labs housed and
caseless (OEM) INS units (only standard configuration).

Fig. 3.1 7 INS-P, INS-B, INS-BU
Fig. 3.2717 INS-D, INS-DL, INS-DU
Fig. 3.3 7 INS-P-OEM

Fig. 3.4 17 INS-B-OEM

Fig. 3.517 INS-BU-OEM

Fig. 3.6 T INS-D-OEM

Fig. 3.7 17 INS-DL-OEM

Fig. 3.8 7 INS-DU-OEM.

=2 =2 =2 4 4 4 4 4

Important:  Weight and size are PN dependent. Contact Inertial Labs for the most recent
2D/3D files of the used INS model.
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Fig. 3.1. INS-P/B/BU outline drawing (all dimensions are in millimeters)
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Fig. 3.2. INS-D/DL/DU outline drawing (all dimensions are in millimeters)
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3.1. Mechanical Mounting

3.1.1. Mounting of the Housed INS Unit

The Inertial Labs INS housing has two base surfaces, A and B (see Fig. 3.9), that
are designed for the INS mounting during its run and testing.

Salient bottom base sA44fnant (see Fig. 8.8, sposiionsh1),l e s
which are designed for the INS mounting. Lateral base surface B is designed for the
INS alignment during mounting.

Fig. 3.9. INS mounting surfaces A, B and mounting holes 1

The Inertial Labs INS is factory-calibrated with respect to the base surfaces A and
B, thus it must be aligned within the host system (carrier object) with respect to
these mounting surfaces, not the device edges.

When mounting Inertial Labs INS on your system, please pay attention to orientation
of input axes X fiYg and fiZg that are marked on the cover of the INS (see Fig.
2.9). During the ordinary operation on the carrier object, the INS is set on surface A
with the axis Y directed to the nose of the object.

Additionally, the Inertial Labs INS can be mounted on the object in any known
position (upside-down, upright, etc.) relative to the object axes. Such mounting
doesnot change right determination of t he
mounting are correctly stored in the INS nonvolatile memory. See fAppendix A.
Variants of the Inertial Labs INS Mounting Relative to the Object Axesa
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To obtain accurate attitude and heading, please remember that mounting is very
important. Mounting error can cause attitude and heading errors. When mounting
Inertial Labs INS, please align it on two base surfaces (A, B) relative your system
axes.

Requirements to the mounting surface of the carrier object: flatness tolerance is
0.03 mm; undulation is Ra=1.25.

3.1.2. Mounting of the INS -OEM Unit

The Inertial Labs INS-OEM has two base surfaces, A and B (see Fig. 3.10), that are
designed for the INS mounting during its run and testing.

Salient bottom base sA32fmamc(see Big. B.#0s podtions d)l e s
designed for mounting. Lateral base surface B is designed for the INS-OEM
alignment during mounting.

A

Fig. 3.10. INS-OEM mounting surfaces A, B and mounting holes 1

The Inertial Labs INS-OEM is factory calibrated with respect to the base surfaces A
and B, thus it must be aligned with the host system (carrier object) with respect to
these mounting surfaces, not to the device edges.

When mounting Inertial Labs INS-OEM on your system, please pay attention to
orientation o6& AYg ang Wdo (seexiy.s2.9;ifar the INS-OEM unit the
connector side is the same comparing to housed one). During the ordinary operation
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on the carrier object, the INS is set on surface A with the axis Y directed to the nose
of the object.

Additionally, the Inertial Labs INS-OEM can be mounted on the object in any known
position (upside-down, upright, etc.) relative to the object axes. Such mounting
doesnot change right determination of t he
mounting are correctly stored in the INS nonvolatile memory. See fAppendix A.
Variants of the Inertial Labs INS Mounting Relative to the Object Axesa

To obtain accurate attitude and heading, please remember that mounting is very
important. Mounting error can cause attitude and heading errors. When mounting
Inertial Labs INS-OEM, please align it on two base surfaces (A, B) relative your
system axes.

Requirements to the mounting surface of the carrier object: flatness tolerance is
0.03 mm; undulation is Ra=1.25.
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3.2. Accelerometer Mass -Center

The Inertial Labs INS calculates position and velocity relative to its accelerometer
mass-center, also known as center of navigation or center of measurements (Fig.
3.11 - for housed models; Fig. 3.12 - for OEM models).

Important: The figures below show the accelerometer mass-center of the default INS unit
configurations. Contact Inertial Labs for the most appropriate 2D/3D files of
the used INS model.

Dimensions, mm a b C
Variant 1 10 20 29
| Variant 2 10.85 | 18.95 | 58.15
> @ Variant 3 9 23.7 58.2
at - o Variant 1:
vy [Le 2 e’ 1 Includes INS-P, INS-B units with
serial numbers up to F1710189 and
INS-D units with serial numbers up
to F1691036.
+ (& .
b ]D @ @ Variant 2:
v - Valid for INS-B, INS-P, INS-D, and
T ¥ INS-DL models.
Eb'[@ e
] 1R ,
. C . Variant 3:
Valid for INS-BU and INS-DU
models.
Fig. 3.11. Position of the accelerometer mass -center in housed
Inertial Labs INS unit
Inertial Labs, a VIAVI Solutions Company 32
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INS-P-OEM INS-B-OEM, INS-D-OEM, INS-DL-OEM
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Fig. 3.12. Position of the accelerometer mass -center in
Inertial Labs INS -OEM units (in millimeters)

20.85

Since INS firmware version 3.2.2.6, INS can calculate position and velocity for any
measuring point set by its position relative to the accelerometer mass-center of the
INS unit. To set the position relative to the accelerometer mass-center configure the
PV_meas_point GNSS _COM2 bps (code 0x09, see Table 5.99) using
LoadINSPar_RAM command (see Section 5.3.13 for details).

Inertial Labs, a VIAVI Solutions Company 33
www.inertiallabs.com



https://inertiallabs.com/

7/ InertialLabs GPS-Aided INS

(& g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

3.3. Primary GNSS Antenna Installation

Usually, the INS unit and GNSS antenna are installed in different locations on the
carrier object. Moreover, placement of the antenna close to the INS unit is
undesirable because of the antennadé smpact on the INS magnetometers.

While the best place for the INS unit is the center of gravity of the carrier object, the
GNSS antenna must of course be placed with a clear view of the sky, with a
sufficient ground plane.

After the INS unit and GNSS antenna are installed on the carrier object, it is
necessary to measure the antenna position relative to the accelerometer mass-
center of the INS unit (see Fig. 3.11 and Fig. 3.12) in the object axes i on the right,
forward and up. It is then necessary to store these coordinates to the INS
nonvolatile memory. Fig. 3.13 shows positive right, forward, and up directions of the
antenna position relative to the INS unit.

Important :

1. If, after the INS mounting, its axes (see Fig. 2.9) are parallel to the carrier object
axes, then the antenna coordinates should be measured in the directions of X, Y,
and Z axes.

2. On the other hand, the INS unit can be mounted on the object in any known
position (upside-down, upright, etc. See Mppendix A. Variants of the Inertial Labs
INS Mounting Relative to the Object Axesd. In such a case, please set the GNSS
antenna coordinates measures in the object axes (on the right, forward, and up
directions), but not in the INS axes.

Inertial Labs, a VIAVI Solutions Company 34
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Fig. 3.13. Determination of the GNSS antenna position relative to the INS unit
(positive directions)

To set the GNSS antenna installation coordinates, configure Antl_pos parameter
(code 0x0A) command (see Section 5.3.13, Table 5.99).

Note: If INS operates with firmware version up to 3.3.0.1, coordinates can be set with
LoadINSpar command (see Table 5.82, bytes #35-40).
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3.4. Secondary GNSS Antenna Installation
Note: This section is intended only for dual-antenna INS systems.

The INS uses a heading calculated by a dual-antenna GNSS receiver for the
correction. The INS and dual GNSS antennas can be installed in different places of
the carrier object.

The primary antenna installation requirements are the same as described in Section
3.3. Its positions should be measured relative to the INS accelerometer mass-center
and stored in the device memory.

The secondary antenna defines the direction of a dual antenna's heading. It can be
installed at a convenient location on a carrier object regardless of the position of the
primary antenna as long as it has a clear view of the sky. Also, it is recommended
that the distance between the antennas should be no less than 1.5 meters.

|t iI's i mportant to note that i f the antenn
I NS |l ongitudinal axi s, the antennads basel
Alpha and Beta angles in degrees.

Fig.3.14s hows Al pha and Beta angles of the ant
to the INS unit. Alpha angle is measured in the horizon plane of the object, and a
clockwise direction is positive. Beta angle is measured in a vertical plane of the
object, and an up direction is positive. Note that in Fig. 3.14, there are positive
Alpha and negative Beta angles.

Secondary < |

antena

Primary
antena

Fig. 3.14. Angles of baseline of two GNSS antennas installation on carrier object
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If it's not possible to measure the Alpha and Beta angles, it is possible to determine
the position of the secondary antenna in meters relative to the accelerometer mass-
center of the INS, just like for the primary antenna (refer to Fig. 3.13 for reference).
In this scenario, the INS will calculate the required angles automatically.

The defining of the secondary antenna in the INS memory depends on the way you
choose:

1 Through Alpha and Beta angles: Adjust the Ant2_pos_angl parameter
(refer to code 0xOC in Table 5.99).

1 Through the coordinates: Adjust the Ant2_pos parameter (refer to code
Ox0B in Table 5.99).

3.5. Test Installation

For optimal performance, you should mount the Inertial Labs INS with the following
considerations in mind:

1 The Inertial Labs INS should be mounted in a physically stable
location .

Choose a location that is isolated from excessive shock, oscillation, and
vibration. A special rotary table must be used for the Inertial Labs INS
accuracy testing, mounted on a special testing basement that is free from the
laboratory oscillations and vibrations.

Vibration and shock tests are carried out separately from the main accuracy
tests.

9 Install the Inertial Labs INS and GNSS antenna on the same base

For testing of the INS position and linear velocity calculation, it is necessary
to connect the active GNSS antenna(s) to the INS. Both the INS unit and the
antenna(s) should be installed immovably to each other. Position of the
antenna(s) relative to the INS unit should be measured and stored to the INS
nonvolatile memory (see Sections 3.3 and 3.4, for details).
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3.6. Practical Installation

To install the INS on the carrier object, follow the recommendations listed in Section
3.5 and below whenever possible:

1 Itis preferable to locate the Inertial Labs INS as close to the center
of gravity of the object as possible

3.7. Magnetic Environment Requirements
Important : For INS operating with magnetometers or SAMC.

The INS can use magnetometers with wide dynamic range, and their sophisticated
calibration algorithms allow them to operate in different environments. For optimal
performance, it is necessary to follow the items listed in the Sections 3.5 and 3.6
with the following additional recommendations:

1 The Inertial Labs INS should be installed on an object as far as
possible from any large ferromagnetic masses of the object and any
powerful sources of magnetic, electrical , and electro -magnetic fields .

The Inertial Labs INS software allows compensation of hard and soft iron
effects of the carrier object on the heading measurement accuracy. For this
purpose, field calibration of the INS magnetometers is provided. This
calibration does not require any additional equipment, but it requires turns of
the carrier object on which the INS is mounted.

Note that the field calibration is correct until the residual magnetic field of the
object surrounding the INS is changed. If this field is changed due to
displacement of ferromagnetic masses of the object or magnetic field
sources, the INS should be re-calibrated.

Field calibration of the Inertial Labs INS can be performed by INS using
special commands described in the Section 5.9. Calibration of the INS itself
is performed without its disconnection from the host system on the carrier
object.

1 For INS heading accuracy test, | ocate the Inertial Labs INS away from
local sources of magnetic fields

The place for testing must not have ferromagnetic (magneto-susceptible)
materials, and the lab room itself must possess the level of intrinsic magnetic
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and electro-magnetic fields suitable for the magnetic heading system testing,
as follows:

A Inside and near the lab room there must be no powerful source of
magnetic, electrical, and electro-magnetic fields. The magnetic field
intensity must not be different from the Earth magnetic field intensity
at the test site by more than 0.01%;

A Small ferromagnetic objects must be as far as 3 meters from the
test table. Large ferromagnetic objects, such as cars and trucks,
must be as far as 15 meters from table;

A It is necessary to conduct a regular check-up of the magnetic field
uniformity inside the lab room.

It is highly recommended to degauss the INS before the heading test to
remove permanent magnetization of some components in the INS (if you
accidentally expose the unit to a large magnetic field). You can use a hand-
held degausser (tape eraser) to demagnetize the INS. Most audio and video
degaussing wunits can be wused. (Follow the instructions for your
demagnetizer.)

Inertial Labs, a VIAVI Solutions Company 39
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4. Electrical Interface

4.1. Electrical Interface of the Housed INS Unit

Fig. 4.1 and Fig. 4.2 show all external functional parts present on the Single- &
Dual-Antenna INS case.

Fig. 4.1. Back side of the Inertial Labs  Single - Fig. 4.2. Back side of the Inertial Labs Dual-Antenna INS
_ Antenna INS 11 interface connector;
17 interface connector; 21 primary GNSS antenna TNC connector;
21 GNSS antenna TNC connector; 31 secondary GNSS antenna TNC
31 LED indicator; connector:
41 pressure sensor 4 i LED indicator:

51 pressure sensor

For the GNSS antenna connection, the Inertial Labs INS has TNC female
connectors.

Additionally, for electrical connection to the host system, the Inertial Labs INS has
the Binder Series 723 male 24-pin connector, part #09 0497 90 24.

The host system should have a cable with appropriate mating connector: the Binder
Series female 24-pin cordset, part #99 5896 15 24 or #09 0496 70 24.

Note: Inertial Labs INS units with 12-pin (RS-232) and 19-pin (RS-422) connectors are
not recommended for the most recent design.

Fig. 4.3 shows connector pinout of the Inertial Labs INS with 24-pin interface. Table
4.1 contains a pin diagram of this connector.
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Table 4.1. Pin diagram of the connector of the Inertial Labs INS
with 24 -pin interface

012

021

1 | POWER 13 | RS422-B1
2 | GROUND 14 | RS422-Al
3 | GROUND 15 | RS232-RX?2
4 | TRIGGER (MARK IN) 16 | RS232-TX2
5 | PPS 17 | RS232-RX1
6 | GROUND 18 | RS232-TX1
7 | GROUND 19 | RS232-RX3
8 | GROUND 20 | RS232-TX3
9 | RS232-RX4 21 | ETHX+
Fig. 4.3. Connector pinout of the Inertial 10 | RS232-TX4 22 | ETHX-
Labs INS with 24 -pin interface (mating side 11 | RS422-Y1 23 | ERHX+
of the connector) 12 | RS422-71 24 | ERHX-

Notes:

1. The names of the signals are given relative to the device. For example, RS232-RX
lines are for data coming to the device, while RS232-TX lines are for data coming
from the device.

2. The signals of RS-422 interface have the following functions: A and B lines are for
data coming to the device, while Y and Z lines are for data coming from the device.
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4.2. Electrical Interface of the INS -OEM Units

4.2.1. 26-pin connector electrical interface

See note 1
Q @ - @ @ F:
! sl
i N
o |
IS S 9 |
See note 2 See note 3

Note 1: TNC Female Bulkhead to MMCX Plug Right Angle Cables 150mm length RG174 Coax.
Note 2: 26 lines ribbon cable (option).
Note 3: Present only in dual antenna INS-OEM units.
Fig. 4.4. INS-OEM assembly drawing
Table 4.2. Pin diagram of 26 -pin connector for INS -OEM

1 | POWER IN 14 | RS232-TX2
2 | POWER IN 15 | RS232-RX3
DEVICE BOTTOM SIDE VIEW BOARD EDGE 3 | GROUND 16 | RS232-RX1
26-PIN HEADER 4 | GROUND 17 | RS232-TX3
5 | RESERVED 18 | RS232-TX1
6 | RESERVED 19 | RS422-TX+
7 | RESERVED 20 | RS422-TX
8 | MARK INPUT 21 | RS422-RX+
9 | RESERVED 22 | RS422-RX-
10 | 1PPS OUT 23 | ETHX+
11 | RS232-RX4 (CAN_L) 24 | ETHX-
12 | RS232-RX2 25 | ERHX+
13 | RS232-TX4 (CAN _H) 26 | ERHX-

Note 1: Do not connect pins marked Areservedo (1| e:
Note 2: 1pps out can also input 1pps signals from external GNSS (configured at the factory).

Note 3: The signals are named in relation to device, i.e. Rx is the input of device, Tx is the output.
Note 4: The signals RS232-RX4/TX4 are multiplexed with CAN BUS (software configurable).

Note 5: Encoder interface as the alternative function: 19 - Phase_B, 20 - supply GND, 217 6.5V
out, 22 - Phase_A.

Note 6: Default function is Ethernet, alternative functions available (configured at the factory).
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4.2.2. 25-pin connector electrical interface

1 [ ETH-RX 14 | RS232-TX4 (CAN_H)
[l [l 2 | ETH-RX+ 15 | RS232-RX2
‘L 1 T 3 | ETH-TX 16 | RS232-RX4 (CAN_L)
E—U— 4 | ETH-TX+ 17 | GNSS PPS
(1) /33 | 5 | RS422-RX 18 | GNSS EV2
g = v [ 6 | RS422-RX+ 19 | GROUND
e M . [7[Rrsaz2Tx- 20 | GROUND
(14) ! (25) | 8 | RS422-TX+ 21 | GROUND
1 L. = 9 | RS232-TX1 22 | GROUND
L] ] [ [ ] 10 | RS232-TX3 23 | GROUND
Device side: 25-pin connector 11 | RS232-RX1 24 | POWER IN
MDSM-25PE-710-VR17 12 | RS232-RX3 25 | POWER IN
13 | RS232-TX2

Note 1: The names of the signals are given relative to the device. l.e., the Rx pin is the input pin
of the INS, Tx is the output one.
Note 2: Pins 5-8 are multiplexed with an encoder input (software configurable).

A Device can provide 6.5V/0.5A for encoder supf
A For the dual phase encoder, connect A/ B outplt
A For single phase feed pulses to pin 8 and dir

Note 3: The signals RS232-RX4/TX4 are multiplexed with CAN BUS (software configurable).
Fig. 4.5. Pin diagram of 25 -pin connector for INS -OEM

4.2.3. 14-pin connector electrical interface

= =l

Fig. 4.6 Device side: 14 -pin connector M80 -5401442 by Harwin

There are three types of connection: RS232 option, RS422 option, and Ethernet
option. The wire diagrams to each option shown in Table 4.3, Table 4.4, and Table
4.5 respectively.
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Table 4.3. Pin diagram of 14 -pin Table 4.4. Pin diagram of 14 -pin Table 4.5. Pin diagram of 14 -pin
connector connector connector
(RS232 option) (RS422 option) (Ethernet option)
1 | POWERIN 1 | POWERIN 1 | POWER IN
2 | GROUND 2 | GROUND 2 | GROUND
3 | GNSS EV2 3 | GNSS EV2 3 | GNSS EV2
4 | GNSS PPS 4 | GNSS PPS 4 | GNSS PPS
5 | RS232-RX2 5 | RS232-RX2 5 | RS232-RX2
6 | RS232-TX2 6 | RS232-TX2 6 | RS232-TX2
7 | RS232-RX4 (CAN L) 7 | RS232-RX4 (CAN L) 7 | RS232-RX4 (CAN L)
8 | RS232-TX4 (CAN_H) 8 | RS232-TX4 (CAN_H) 8 | RS232-TX4 (CAN_H)
9 | RS232-RX3 9 | RS232-RX3 9 | RS232-RX3
10 | RS232-TX3 10 | RS232-TX3 10 | RS232-TX3
11 | NC 11 | RS422-TX+ 11 | ETHR-TX+
12 | RS232-TX1 12 | RS422-RX+ 12 | ETHR-RX+
13 | RS232-RX1 13 | RS422-RX- 13 | ETHR-RX-
14 | NC 14 | RS422-TX- 14 | ETHR-TX-

Note 1: The names of the signals are given relative to the device. l.e., the Rx pin is the input pin of the INS,
Tx is the output one.
Note 2: The signals RS232-RX4/TX4 are multiplexed with CAN BUS (software configurable).
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4.3. Communication Ports
The Inertial Labs INS has four COM-ports with RS-232 interface on default:

1 COML1 is the main port. It is used for commands and data transfer
between the Inertial Labs INS and the host computer.

1 COM2 has the following functions:

A to output the raw GNSS receiver data or minimal raw GNSS data
(see Section 5.13.1);

A to output NMEA data set (see Section 5.2.17);

A to output a fixed set of GNSS logs from the NovAtel GNSS receiver
(see Section 5.2.25).

1 COMS3 has the following functions:
A to receive GNSS corrections (DGPS/RTK);

A to output the raw GNSS receiver data or minimal raw GNSS data
(see Section 5.13.1) (from INS firmware version 2.8.0.6);

A or to output RMC messages (see Section 5.2.18).
1 COM4 has the following functions:

A to receive external data from a device with RS-232 interface (like
odometer data, see Section 5.7.1; true ground speed data, see
Section 6.3.2);

to receive NMEA messages (GGA, VTG, HDT, RMC, and MWYV)
from external devices:;

to output IMU data (IMU TGA) with maximum frequency (see
Section 5.2.20);

to output RMC messages (since INS firmware version 3.0.1.6);

to output HEHDT messages (since INS firmware version 3.0.1.6);
to output the same data that are transmitted via main port COM1
(duplication);

to output GPGGA messages (since INS firmware version 3.4.5.8).

to output GPGGA and GPHDT messages (since INS firmware
version 3.4.7.1)

to output INS NMEA set (since INS firmware version 3.5.2.9)
orientation output on event (since INS firmware version 3.5.3.9)

to output External GNSS receiver data (since INS firmware version
3.5.3.9)

to output the desired INS data format (since INS firmware version
3.5.4.1)

to receive external aiding data (see Section 5.7.4).

o Bo Do Do Bo Do Do Do Do Po Do Ix
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A to output Event IMU and Navigation data.

Also, the Inertial Labs INS has a CAN1-port (see Section 4.7) and can be equipped
with an Ethernet port (see Section 4.6) or an additional CAN2-port (see Section
4.8).

To configure the ports described above, users can use the appropriate commands
since INS firmware version 3.3.0.1 (see fiL. Devices optionsoportion in Table 5.99).

Table 4.6. Electrical specifications

Parameter Min Typical Max Units
Input Supply 9 12 36 Volts DC
INS-D-G450-A8-TMGA-C3-B-S64-07720-VD9.1245
Steady-state current 650 500 225 mA
Power consumption 5.9 6 8.1 W
INS-B-G950-A40-TGA-C3-B-ZF9P-Vv9.1245
Steady-state current 220 160 85 mA
Power consumption 1.44 2.64 3 W

Important: Electrical specifications may vary in accordance with an ordered device
configuration. Please contact Inertial Labs to get actual information for the
individual device.

For operations, the Inertial Labs INS should be connected to the host system that
provides command interface (described in Section 5) and the INS powering.
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4.4. PPS Description

The Inertial Labs INS outputs the pulse per second (PPS) signal generated by the
GNSS receiver. Appropriate pin of the INS main connector provides the PPS signal
(see Table 4.1).

If the INS unit is configured for operation with external GNSS receiver, it is highly
recommended to configure the INS unit to input PPS signal from this receiver on
that PPS pin of the INS connector to synchronize INS calculations and data output
with the source of PPS. In this case, all of the adjustable PPS parameters should
correspond with the actual provided PPS signal.

The leading edge of the PPS pulse is always the trigger / reference:

1 Negative 1 generates a normally high, active low pulse with the falling
edge as the reference

1 Positive T generates a normally low, active high pulse with the rising edge
as the reference

The GNSS receiver produces a TTL (Transistor T transistor logic) level pulse. Either
a 3.3V or a5V TTL level is available. PPS pulse is shown in Fig. 4.7 and Fig. 4.8.

3.3V — SV
NEGATIVE NEGATIVE
Polarity Polarity
0.0v 0.0V
i | |
i >51ns i | > 51 ns
-
| | i
| | I
——————————————— 3.3V mmm—mm—mm——---= 5\
POSITIVE POSITIVE
Polarity Polarity
0.0V e 0.0V
Fig. 4.7. PPS pulse; 3.3V TTL Fig. 4.8. PPS pulse; 5V TTL (optional)

INS can output PPS in Single-Ended mode as well as in Differential mode. In
differential mode, the corresponding PPS pin acts as a non-inverted output, while
the TRIGGER/MARK IN pin acts as an inverted PPS output. In this case, the
standard MARK IN functions are not available (see Section 4.5 for Mark Input
operation in normal mode). At this point, the PPS amplitude setting (3.3V or 5V) is
active for both Single-Ended and Differential modes.
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All the following PPS parameters are user-adjustable and can be configured using
the LoadINSpar_RAM command (see Section 5.3.13 for details):

1 PPS_switch , PPS_polarity , PPS_period , PPS_pulse_width (0x52) i
Allow to set PPS pulse characteristics.

By default, the GNSS receiver generates a normally high, active low
(negative polarity) pulse with the falling edge as the reference. Default PPS
period is 1 second and pulse width is 1000 microseconds.

1 PCB_config (0xC6) i Allows to set 5V TTL level and enable Differential
mode.
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4.5. Mark Input Description

The Inertial Labs INS has a special Mark Input (MARK IN) pin on its main connector
(see pin diagram in Table 4.1). Since INS firmware version 2.2.0.3, this pin allows
receiving the mark inputs used to trigger specific GNSS raw receiver data. When a
pulse is detected at the mark input pin then the GNSS receiver generates special
logs, which are added to the raw GNSS data. TTL mark pulse configuration is the
same as Fig. 4.7 shows.

Important :

1. Special logs are adding to the raw GNSS data ONLY if this raw data is requested
through the INS COM2 port.

2. The raw GNSS data structure for different GNSS receiver types is individual. See
Section 5.13.1 for more information on that.

3. Mark input is not supported for the INS unit equipped by u-blox GNSS receiver with
firmware version under 1.32. Contact Inertial Labs specifying the device serial
number to get the necessary information.

Users can configure the mark input signal via the LoadPar_RAM command using the
MARK _switch, MARK_polarity, MARK _timebias, and MARK_timeguard parameters
(see code 0x50 in Table 5.99). See Section 5.3.13 for more details.

Important:
1. For the u-blox GNSS receiver, only the MARK_switch parameter can be changed.

2. For the Septentrio GNSS receiver, all parameters are available for change except
MARK _timebias.
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4.6. Connection of the Inertial Labs INS with Ethernet Interface
to the Host Computer

The Inertial Labs INS unit with a built-in Ethernet port is equipped with a USR-
TCP232-ED2 module manufactured by USR-IOT. The software to operate with the
Ethernet module can be requested from the Inertial Labs Support Team.

Ethernet lines are accessible through the INS main interface connector.

Note: The INS with Ethernet maintains communication via the serial COM1 port. So
COML1 can also be used for communication with a device if necessary.

See detailed description of Ethernet settings in the INS User Manual.
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4.7. Connection of the Inertial Labs INS with CAN Interface to
the Host Computer

The Inertial Labs INS unit has a built-in CAN port. Since firmware version 3.2.4.0,
INS can output CAN2.0A messages. Since firmware version 3.2.8.1, INS also
provides CAN2.0B messages, and the choice of CAN messages exists.

Users can configure CAN settings using appropriate commands since INS firmware
version 3.3.0.1 (see iiLl.5 CAN/COM4o0 portion in Table 5.99).

If the CAN data output is enabled, then pins originally assigned to the COM4 port
(see Fig. 4.3 and Table 4.1) become connected to CAN lines, as Table 4.7 shows.

Table 4.7. Diagram of CAN lines of the 24 -pin connector of
Inertial Labs INS

: 24-pin INS connector,
Signal :
pin number
CAN_H 10
CAN_L 9

Notes:

1. Ordinary communication with the INS unit through COM1, COM2, and COMS3 ports
is still available in INS data output through CAN port.

2. Onceauser has access to the vehicleds CAN BL
messages indicate the velocity of the car, it is possible to receive these messages
through INS CAN port and to use them as odometer data (see Section 5.7.3).

See Section 5.2.19 to know which messages can be transmitted through CAN port.
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4.8. Connection of the Inertial Labs INS with Second CAN
Interface to the Host Computer

Since firmware version 3.4.3.2, INS can be factory-configured to onboard the
second CAN BUS (this option is only available upon request). It allows outputting
CAN messages through first and second CAN port simultaneously.

Users can configure second CAN port settings using appropriate commands (see
Al.5 CAN/ COMA4TDabl@maOXt i on i n

If the CAN data output is enabled through the second CAN port, then pins originally
assigned to the Ethernet port (see Fig. 4.3 and Table 4.1) become connected to
second CAN lines, as Table 4.8 shows.

Table 4.8. Diagram of CAN lines of the 24 -pin connector of
Inertial Labs INS

Signal 24-pin _INS connector,
pin number
GROUND 21
GROUND 22
CAN2 L 23
CAN2 H 24

Notes:

1. Ordinary communication with the INS unit through COM1, COM2, and COMS3 ports
is still available at INS data output through second CAN port.

2. In the current version, the second CAN port outputs data only, without receiving of
outer data.

See Section 5.2.19 to know which messages can be transmitted through CAN port.
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5. Software Interface
After the Inertial Labs INS power on, an initialization of the onboard GNSS receiver
starts (which takes approximately 15 seconds). During this initialization, t he | NS
LED indicator (see Fig. 4.1) |l i ghts yell ow. After the ini

indicator lights red, and the INS works in the mode of commands waiting.

If the auto start option is enabled the INS starts operation automatically after power
on (see Section 5.10 for more details). In this instance, the INS LED indicator lights
green.

Commands are transmitted through the COM1 serial port according to the protocol
RS232 with baud rate 115200 bps (default settings).

Table 5.1. 4 Jodrt parameters
¢ [ [-port parameters
Baud rate 115200
Data bits 8
Parity none
Stop bits 1

Notes:

1. Users can set baud rates other than 115200 bps. See Section 5.15 for details.
2. The INS with RS-422 and Ethernet interfaces are also available for data and
command transfer.

All commands and messages to/from the Inertial Labs INS have the byte structure
shown in Table 5.2. Exception is made for the INS output in the NMEA and other
text formats (see Section 5.2).

Table 5.2. Byte structure for all commands and messages to/from INS

Byte number 0 1 2 3 4,5 6 .. (n+5) n+6, n+7
Parameter Header Header 1 Message I_\/Iess_a_ge Message Payload Checksum
0 type identifier length
Lenath 1-byte 1-byte 1-byte 1-byte 2-byte n bytes 2-byte
9 uints uints uints uints uintlé | (variable) uint16
Note O0xAA 0x55 n+6
Important:
1. All multi-byte integers are transmitted little-endian (LSB first).
2. All floating-point values are transmitted per IEEE-754 (sign first).
Inertial Labs, a VIAVI Solutions Company 53

www.inertiallabs.com



https://inertiallabs.com/

® _ |
{/InertialLabs S

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

Message type equals to:

1 O for incoming commands to INS
1 1 for output/input data from/to INS.

Message identifier equals to:

1 0x00 for incoming commands to INS
1 0x62 for incoming aiding data packets (see Section 5.7.4)

1 the code of the output message that matches the code of the command
sent by the host system to request this particular INS message

1 OxCO for Extended _cmd command (see Section 5.3.14).
Notes:
1. Byte #3 in the block of the initial alignment data is equal to set output data rate
(see Table 5.103 and Table 5.105 in Section 5.4).

2. In INS with firmware version before 2.1.2.0, byte #3 is zero in all messages.
3. See all command codes in Appendix B.

Message length equals to:

The number of bytes in the message without header. It is equal to the payload
length (n) + 6.

Checksum equals to:

The ar it hmeti cal sum of bytes 2é(n+5) (al
checksum LSB (Least Significant Byte) is transmitted first (see Table 5.3).

Table 5.3. Format of the checksum transmitting

byte0 bytel
low byte high byte
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5.1. Operational Modes of the Inertial Labs INS

The Inertial Labs INS can operate in the following operating modes:
Idle mode

All sensors and electronics are powered. The INS microprocessor awaits any
command from the host computer to start operation. In the idle mode, the LED
indicator of INS lights red.

Since firmware version 3.5.1.7, the INS can output at this mode a special
Idle_1sec_message with 1Hz frequency. This message contains information
about a device firmware version and its serial number. Structure of the
Idle_1sec_message corresponds to Table 5.2, with payload shown in Table 5.4.

Table 5.4. The payload of the Idle_1sec_message
Bytenumber | 0 | 1 | 2 | 3 47 11
Parameter Firmware version Device serial number
digit 1|digit 2|digit 3|digit 4
Length  |1lbyte |1byte |1byte |1byte 8-byte char

The user can enable or disable the output of this message using Idle_1sec_out
parameter change (see code 0x53 in Table 5.99).

Continuous mode

In this mode, the INS operates in an endless loop, providing the continuous
output of calculated position, orientation, and other data according to chosen
output data format (see Section 5.2). Data rate is set by user from 1 Hz to 200
Hz. In the continuous operating mode, the LED indicator of the INS lights
green.

On Request (pooling) mode
On request mode is similar to Continuous operating mode, but the INS sends
only one data block after each Request command issued from host computer.
In this mode, the LED indicator of the INS lights green.

Calibration mode
In this mode, the embedded calibration procedure is performed for

compensation for hard and soft iron effects of the carrier object. See Section
5.9 for more details.
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Firmware update mode

This mode allows for INS firmware updating. In this mode, the LED indicator is
off when the device is powered. For details on firmware update, see description
of Firmware and Parameters Update utility in the INS User Manual.

5.2. Output Data Formats of the Inertial Labs INS in the
Operating Modes

The following output data formats are available:

INS OPVT

INS QPVT

INS OPVT2A

INS OPVT2AW

INS OPVT2AHR

INS OPVTAD

INS Sensors Data

INS Minimal Data

INS OPVT & Raw IMU Data

SPAN rawimu

INS OPVT GNSSext

User Defined Data

INS NMEA Output

INS Sensors NMEA Output

INS NMEA Set

Cobham UAV 200_Satcom

GNSS receiver NMEA data (through COM2 port)
GNSS receiver RMC data (through COMS3 port)
CAN messages (only through special CAN port)
IMU TGA Data (only through COM4 port, continuous output)
HEHDT Data (only through COM4 port, continuous output)
NAV440

XDR

INS PVA Estimate

Extended GNSS data (through COM2 port)

=2 =4 A 4 4 4 4 442 -2-°_-°2_-°2_-°2_-°2_-°2_-2_--2_--2_-°5_-2_-22--2--°
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Orientation output on event (through COM4 port)
External GNSS receiver (through COM4 port)

INS data format (through COM4 port)

BESTPOS, BESTVEL, and PSRDOP logs

Event IMU and Navigation data (Through COM4 Port)
GPGGA+GPRMC+GPHDT.

=4 4 4 5 2 2

Please note that output data formats INS OPVT2A, INS OPVT2AW, INS
OPVT2AHR, and INS OPVTAD are created for dual-antenna INS models to output
orientation data calculated by a dual-antenna GNSS receiver. However, all of the
above data formats can be used for any INS model. Absent data will be replaced by
zeros.

521. The Al NS OPVTO0O (OrientationpPatdPosi ti c
Format

This is default data format. It provides the INS output in the form of:

1 3 orientation angles (heading, pitch, and roll)

1 Calibrated outputs of the 9 sensors (gyros, accelerometers, and
magnetometers) that provide information about current angular rate,
linear acceleration of the INS, and components of outer magnetic field
1 IMU service data
1 Position i latitude, longitude, and altitude
1 East, north, and vertical velocity
1 GNSS position and velocity data
1 GPS reference time
1 GPS service data
1 Calibrated data from the pressure sensor i pressure and barometric
altitude.
Structure of the I NS data blocks at t he
Table 5.2, with payload shown in Table 5.5.
Maxi mum data rate for the I NS output at t F

100 Hz at the standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.
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Table55. The I NS message payload at the Al NS OPVTC

Byte . . . . . -
number 0i 1 271 3 471 5 671 11 127 17 18171 23
: : GyroX, GyroyY, AccX, AccY, MagX, Magy,
Parameter | Heading Pitch Roll GyroZ ACCT MagZ
Lenath 2-byte 2-byte 2-byte 33 2-byte 33 2-byte 33 2-byte
g uint16 int16 int16 int16 int16 int16
. . Angular rates, Accelerations, Magnetic fields,
*
Note Orientation angles, deg*100 deg/s*KG g*KA nT/10
Table 5.5 (continued)
Byte . . . . - .
24171 25 261 27 281 29 30171 33 341 37 38171 41
number
Parameter Uusw Vinp Temper Latitude Longitude Altitude
Lenath 2-byte 2-byte 2-byte 4-byte 4-byte 4-byte
g uint16 uint16 int16 int32 int32 int32
Supply voltage, Temperature, N N .
Note VDC*100 °C*10 deg *1.0e7 | deg *1.0e7 m*100
Table 5.5 (continued)
Byte . . . . . .
421 45 461 49 507 53 547 57 5871 61 6271 65
number
. Latitude Longitude Altitude
Parameter | East speed North speed | Vertical speed GNSS GNSS GNSS
Lenath 4-byte 4-byte 4-byte 4-byte 4-byte 4-byte
g int32 int32 int32 int32 int32 int32
Note m/s*100 m/s*100 m/s*100 deg *1.0e7 deg *1.0e7 m*100
Table 5.5 (continued)
i 661 69 7071 71 7271 75 761 79 80 81
number
Horizontal speed Track over Vertical speed . :
Parameter GNSS ground GNSS GNSS ms_gps | GNSS_infol | GNSS_info2
Lenath 4-byte 2-byte 4-byte 4-byte 1-byte 1-byte
g int32 uint16 int32 int32 uints uints
Note m/s*100 deg*100 m/s*100 ms
Table 5.5 (continued)
Byte 82 83 84 857 86 871 90 o1
number
Parameter #so0lnSVs Latency Latency P_bar H_bar New
ms_pos ms_vel GPS
Lenath 1-byte 1-byte 1-byte 2-byte 4-byte 1-byte
9 uint8 uint8 uint8 uintl6 int32 uint8
Note ms ms Pa/2 m*100
Notes:

Orientation, position, and velocity data can be presented in the form of instant or

1.
average values (see Appendix D.1).
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2. Values of KG, KA are scale factors depending on gyro and accelerometer range
(see Table 5.6).

3. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

4. Angular rates, linear accelerations, and magnetic fields are in the carrier object

axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis). The INS orientation

relative to the carrier object axes is set by alignment angles (see fAppendix A.

Variants of the Inertial Labs INS Mounting Relative to the Object Axeso.

g = 9.8106 m/s2.

USW is unit status word (see Section 5.11 for details).

Vinp is input voltage of the INS.

Temper is the average temperature in 3 gyros.

ms_gps are milliseconds from the beginning of the GPS reference week.

0. GNSS_infol, GNSS_info2 contain information about GNSS data (Table 5.7, Table

5.8).

11. #SoIlnSVs is number of satellites used in navigation solution.

12. Latency ms_pos and Latency ms_vel are latencies of timestamps in the GNSS
receiverodés position and velocity |l ogs rel at

13. P_bar, H_bar are pressure and barometric height.

14. New_GPS is an indicator of new update of GPS data (see Table 5.9).

15. LSB is transmitted first.

Hoo~NoO

Table 5.6. Values of KG, KA factors for gyro and accelerometer scaled data

Gyro range , deg/sec 450 950 2000
KG 50 20 10
Accelerometer range , g 8 15 40
KA 4000 2000 500

Table 5.7. GNSS _infol i information about GNSS data

Bit Value and Description

0V 3 Position type: 07 Single point position
17 DGPS (pseudorange differential solution)
21 Solution calculated using corrections from SBAS
31 PPP solution
47 RTK (other) solution
51 RTK (narrow-int) solution
61 Other
71 Converging TerraStar-C, TerraStar-C PRO, TerraStar-X solution, or Oceanix
81 Converged TerraStar-C, TerraStar-C PRO, TerraStar-X solution, or Oceanix
91 Converging TerraStar-L solution
107 Converged TerraStar-L solution

477 Pseudorange iono correction: 0 1 unknown or default Klobuchar model
171 Klobuchar broadcast
21 SBAS broadcast
37 Multi-frequency computed
47 DGPS (pseudorange differential correction)
51 NovAtel blended iono value
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Table 5.8. GNSS info2 i information about GNSS data

Bit Value and Description
0V 1 Solution status: 0 i GNSS solution is computed
171 Insufficient observations
21 Not yet converged from cold start
31 Other reason of absent solution
27 3 GPS reference time status: 07 Time validity is unknown
17 Time is coarse set and is being steered
21 Position is lost and the range bias cannot be calculated
31 Time is fine set and is being steered
17 GPS GNSS signal is used
17 GLONASS GNSS signal is used
11 Galileo GNSS signal is used
171 BeidDou GNSS signal is used

~N(o o~

Note: Bits 4, 5, 6, and 7 of the GNSS_info2 status are supported only by devices
equipped with NovAtel or Septentrio GNSS receivers. Devices using ublox
receivers do not provide information about the constellations used in the solution.

Table 5.9. New_GPS indicator of new update of GNSS data

Bit Value and Description

117 GNSS position data update

117 GNSS velocity data update

117 GNSS heading data update

17 valid 1PPS signal received

17 GNSS BESTXYZ log update

17 GNSS PSRDOP log update

171 1PPS signal received regardless of its validity
17 GNSS RANGE log update

N[OOI~ WIN|IFL IO

Note: The INS onboard GNSS receiver generates 1PPS signal at all times, but the
New_GPS indicator sets bit #3 to 1 only if GPS reference time status is fine (see
also Table 5.8).
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5.22. The #AlI NS QPVTO0O (@ierdationrPositionnVelodity,
Time) Data Format

This data format is almostt he same as t he 0,lbd% proviRlidsTie f o
guaternion of orientation i nsApperdk CoFormoafi en
the Inertial Labs INS Orientation Presentationd  fthe rcorrect relationship between
orientation angles and quaternion.

The AI NS QPVTO format provides output in ttF

1 Quaternion of orientation

91 Calibrated outputs of the 9 sensors (gyros, accelerometers, and
magnetometers) that provide information about current angular rate,
linear acceleration of the INS, and components of outer magnetic field

 IMU service data

1 Position i latitude, longitude, and altitude

1 East, north, and vertical velocity

1 GNSS position and velocity data

1 GPS reference time

1 GPS service data

1 Calibrated data from the pressure sensor i pressure and barometric

altitude

Structure of the I NS data bl ocks at t he n
Table 5.2 with payload shown in Table 5.10.
Maxi mum data rate for the I NS output at t F

100 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for maximum
data rate at other baud rates.

Table 5100 The I NS message payload at the fAI NS QPVT

Byte - . . . .
number 017 81 13 147 19 207 25 2671 27
GyroX, GyroY, AccX, AccY, MagX, Magy,
Parameter q0,91,92,93 GyroZ AccZ MagZ Usw
Lenath 43 2-byte 33 2-byte 33 2-byte 33 2-byte 2-byte
g int16 int16 int16 int16 uint16
Note Quaternion of Angular rates, Accelerations Magnetic fields,
orientation *10000 deg/s*KG g*KA nT/10
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Table 5.10 (continued)

Byte . . . . - .
number 28171 29 3071 31 3271 35 36171 39 40171 43 447 47
Parameter Vinp Temper Latitude Longitude Altitude East speed
Lenath 2-byte 2-byte 4-byte 4-byte 4-byte 4-byte
g uint16 int16 int32 int32 int32 int32
Supply voltage, Temperature, . . * .
Note VDC*100 oC*10 deg *1.0e7 | deg *1.0e7 m*100 m/s*100
Table 5.10 (continued)
Byte . . . . . .
48171 51 5271 55 561 59 6071 63 641 67 681 71
number
. Latitude Longitude Altitude Horizontal
Parameter | North speed |Vertical speed GNSS GNSS GNSS speed GNSS
Lenath 4-byte 4-byte 4-byte 4-byte 4-byte 4-byte
g int32 int32 int32 int32 int32 int32
Note m/s*100 m/s*100 deg *1.0e7 deg *1.0e7 m*100 m/s*100
Table 5.10 (continued)
=P 727 73 747 77 781 81 82 83
number
Track over ground Vertical speed . .
Parameter GNSS GNSS ms_gps GNSS infol GNSS info2
Lenath 2-byte 4-byte 4-byte 1-byte 1-byte
g uint16 int32 int32 uints uints
Note deg*100 m/s*100 ms
Table 5.10 (continued)
Byte . .
number 84 85 86 871 88 891 92 93
Parameter #SoIlnSVs Latency Latency P_bar H_bar New
ms_pos ms_vel GPS
Lenath 1-byte 1-byte 1-byte 2-byte 4-byte 1-byte
g uints uints uints uint16 int32 uints
Note ms ms Pa/2 m*100
Notes:
1. The Al NS QPVTO data format is implemented I
2.1.2.0.

2. Orientation, position, and velocity data can be presented in the form of instant or
average values (see Appendix D.1).

3. Values of KG, KA are scale factors depending on gyro and accelerometer range
(see Table 5.6).

4. g =9.8106 m/s2.

5. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

6. Angular rates, linear accelerations, and magnetic fields are in the carrier object
axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis). The INS orientation
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relative to the carrier object axes is set by alignment angles (see fAppendix A.
Variants of the Inertial Labs INS Mounting Relative to the Object Axeso.

7. USW is unit status word (see Section 5.11 for details).

8. Vinp is input voltage of the INS.

9. Temper is the average temperature in 3 gyros.

10. ms_gps are milliseconds from the beginning of the GPS reference week.

11. GNSS_infol, GNSS info2 contain information about GNSS data (see Table 5.7,
Table 5.8);

12. Latency ms_pos and Latency ms_vel are latencies of timestamps in GNSS
receiverodés position and velocity |l ogs rel at

13. P_bar, H_bar are pressure and barometric height.
14. New_GPS is indicator of new update of GPS data (see Table 5.9).
15. LSB is transmitted first.

523. The Al NS OPVT2A0 (Orientation, -Posi't
antenna Receiver) Data Format

The AI NS OPVT2A0 data for mat iI's I mpl ement e
2.2.1. 7. This data format i s based on the
data calculated by dual-antenna GNSS receiver:

1 3 orientation angles (heading, pitch, and roll) calculated by INS

1 Calibrated outputs of the 9 sensors (gyros, accelerometers, and
magnetometers) that give information about current angular rate, linear
acceleration of the INS, and components of outer magnetic field

IMU service data

Position i latitude, longitude, and altitude
East, north, and vertical velocity

GNSS position and velocity data

GPS reference time

GPS orientation data

GPS service data

Calibrated data from the pressure sensor i pressure and barometric
altitude

=2 =2 2 4 4 4 4 4

Structure of the I NS data bl ocks at t he
Table 5.2 with payload shown in Table 5.11.

2
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Maxi mum data rate for the I NS output at th

90 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for maximum
data rate at other baud rates.

Table5.11. The I NS message payload at the AI NS OPVT2

i 0i 1 271 3 47 5 61 11 127 17 1871 23
number
: . GyroX, GyroY, AccX, AccY, MagX, MagY,
Parameter | Heading Pitch Roll GyroZ ACCT MagZ
Lenath 2-byte 2-byte 2-byte 33 2-byte 33 2-byte 33 2-byte
9 uint16 int16 int16 int16 int16 int16
. . Angular rates Accelerations Magnetic fields
* 1 ] y
Note Orientation angles, deg*100 deg/s*KG g*KA AT/10
Table 5.11 (continued)
=P 2417 25 2671 27 281 29 307 33 3471 37
number
Parameter Usw Vinp Temper Latitude Longitude
Lenath 2-byte 2-byte 2-byte 4-byte 4-byte
g uint16 uint16 int16 int32 int32
Supply voltage, Temperature, * N
Note VDC*100 oC*10 deg *1.0e7 deg *1.0e7
Table 5.11 (continued)
Byte . . . . - .
number 38171 41 421 45 461 49 5071 53 541 57 581 61
. : Latitude Longitude
Parameter Altitude East speed North speed | Vertical speed GNSS GNSS
Lenath 4-byte 4-byte 4-byte 4-byte 4-byte 4-byte
9 int32 int32 int32 int32 int32 int32
Note m*100 m/s*100 m/s*100 m/s*100 deg *1.0e7 deg *1.0e7
Table 5.11 (continued)
i 6271 65 661 69 707 71 727 75 767 79
number
Altitude Horizontal speed |Track over ground| Vertical speed
Parameter GNSS GNSS GNSS GNSS ms_gps
Lenath 4-byte 4-byte 2-byte 4-byte 4-byte
9 int32 int32 uint16 int32 int32
Note m*100 m/s*100 deg*100 m/s*100 ms
Table 5.11 (continued)
Byte 80 81 82 837 84 85 86 87
number
Parameter | GNSS infol | GNSS info2 #solnSVs V_latency A’.‘g'es Heading
position type GNSS
Lenath 1-byte 1-byte 1-byte 2-byte 1-byte 2-byte
9 uints uints uints uint16 uints uint16
Note s*1000 deg*100

Table 5.11 (continued)

64
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P 881 89 9071 91 92171 93 94171 95 961 99 100
number
Latency Latency Latency New
Parameter ms_head ms_pos ms_vel P_bar H_bar GPS
Lenath 2-byte 2-byte 2-byte 2-byte 4-byte 1-byte
9 int16 int16 int16 uintl6 int32 uint8
Note ms Pa/2 M*100
Notes:

1. Orientation, position, and velocity data can be presented in form of instant or
average values (see Appendix D.1).

2. Values of KG, KA are scale factors depending on gyro and accelerometer range
(see Table 5.6).

3. Angular rates, linear accelerations, and magnetic fields are in the carrier object

axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis). The INS orientation

relative to the carrier object axes is set by alignment angles (see MAppendix A.

Variants of the Inertial Labs INS Mounting Relative to the Object Axesg).

Data from gyros, accelerometers, and magnetometers can be presented in the form

of instant, average, or incremental values (see Appendix D.2).

g =9.8106 m/s2.

USW is the unit status word (see Section 5.11 for details).

Vinp is input voltage of the INS.

Temper is the average temperature in 3 gyros.

ms_gps are milliseconds from the beginning of the GPS reference week.

0. GNSS_infol, GNSS_info2 contain information about GNSS data (see Table 5.7,

Table 5.8).

11. #SoInSVs is the number of satellites used in the navigation solution.

12. V_latency is latency in the velocity time tag in milliseconds.

13. Latency ms_head, Latency ms_pos, and Latency ms_vel are latencies of
timestampsinthe GNSS recei ver 6 s hamdvelocitygags rplatigeitd i o n
INS time (ms_gps), in milliseconds.

14. Angles position type is GNSS position type at orientation calculation using dual
GNSS antennas. If this value is less than 100, see its description in Table 5.18.
Otherwise,s ubtr act 100 from the AANngl es Tabtesi ti o
5.18 (see Section 5.17 for an explanation of A s i mbaligation solution statusg.

15. P_bar, H_bar are pressure and barometric height.

16. New_GPS is indicator of new update of GPS data (see Table 5.9).

17. LSB is transmitted first.

e
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524. The Al NS OPVT2AW0 (Orientation, -Posi
antenna Receiver GPS Week) Data Format

The Al NS OPVT2AW0 data for mat i's I mpl ement
2.5.0.5. This data for mat i formatdst @ldo povides h e

the GPS Week number.

Structure of the I NS data bl ocks at t he Al
Table 5.2, with payload shown in Table 5.12.

Maxi mum data rate for the I NS output at th
to 90 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.

Table 5.12. The | NS message payload at the Al NS OPVT2,

Byte . . . " . -
number 0i 1 21 3 47 5 671 11 127 17 1871 23
. . GyroX, GyroY, AccX, AccY, MagX, Magy,
Parameter | Heading Pitch Roll GyroZ AccZ MagZ
Lenath 2-byte 2-byte 2-byte 33 2-byte 33 2-byte 33 2-byte
g uint16 int16 int16 int16 int16 int16
, . Angular rates Accelerations Magnetic fields
* 1 ’
Note Orientation angles, deg*100 deg/s*KG g*KA nT/10
Table 5.12 (continued)
St 24171 25 261 27 281 29 3071 33 341 37 38171 41
number
Parameter usw Vinp Temper Latitude Longitude Altitude
Lenath 2-byte 2-byte 2-byte 4-byte 4-byte 4-byte
g uint16 uint16 int16 int32 int32 int32
Supply voltage, | Temperature,
Note VDC*100 oC*10 deg *1.0e7 deg *1.0e7 m*100
Table 5.12 (continued)
i 42171 45 46171 49 507 53 54171 57 58171 61
number
Parameter East speed North speed Vertical speed Latitude GNSS | Longitude GNSS
Lenath 4-byte 4-byte 4-byte 4-byte 4-byte
g int32 int32 int32 int32 int32
Note m/s*100 m/s*100 m/s*100 deg *1.0e7 deg *1.0e7
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Byte . . . . - .
number 621 65 661 69 707 71 721 75 761 79 80171 81
Parameter Altitude Horizontal Track over Vertical speed ms oS GPS week
GNSS speed GNSS | ground GNSS GNSS 9P
Lenath 4-byte 4-byte 2-byte 4-byte 4-byte 2-byte

9 int32 int32 uint16 int32 int32 uint16
Note m*100 m/s*100 deg*100 m/s*100 ms
Table 5.12 (continued)
Byte 82 83 84 85 86 87
number
Parameter | GNSS infol | GNSS info2 #solnSVs Latency Latency Angles position
ms_pos ms_vel type
Lenath 1-byte 1-byte 1-byte 1-byte 1-byte 1-byte
9 uint8 uint8 uint8 uint8 uint8 uint8
Note ms ms
Table 5.12 (continued)
Zpjits 881 89 9071 91 92171 93 94171 95 961 97 981 101 102
number
Heading Pitch Heading Pitch New
Parameter | Gnss GNSS | STDGNSS | STDGNss | P& Hobar | Gps
Lenath 2-byte 2-byte 2-byte 2-byte 2-byte 4-byte 1-byte
9 uintl6 int16 uintl6 uintl6 uintl6 int32 uint8
Orientation angles, . N
Note deg*100 STD, deg*100 Pa/2 m*100
Notes:

1. Orientation, position, and velocity data can be presented in the form of instant or
average values (see Appendix D.1).

2. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

3. Values of KG, KA are scale factors depending on gyro and accelerometer range
(see Table 5.6).

4. Angular rates, linear accelerations, and magnetic fields are in the carrier object

axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis). The INS orientation

relative to the carrier object axes is set by alignment angles (see fAppendix A.

Variants of the Inertial Labs INS Mounting Relative to the Object Axesd).

g = 9.8106 m/s2.

USW is the unit status word (see Section 5.11 for details).

Vinp is the input voltage of the INS.

Temper is the average temperature in 3 gyros.

ms_gps are milliseconds from the beginning of the GPS reference week.

0. GNSS _infol, GNSS_info2 contain information about GNSS data (see Table 5.7,

Table 5.8).

11. #SolnSVs is the number of satellites used in navigation solution.

12. Latency ms_pos and Latency ms_vel are latencies of timestamps in the GNSS
receiverbés position and velocity |l ogs rel at

Hoo~NoO
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13. Angles position type is GNSS position type at orientation calculation using dual
GNSS antennas. If this value is less than 100, see its description in Table 5.18.
Ot her wi se, subtract 100 from the 0ATage es p
5.18 (see Section 5.17f or an e x p | an aNavigation solutior statusop)! . e

14. P_bar, H_bar are pressure and barometric height.

15. New_GPS is indicator of new update of GPS data (see Table 5.9).

16. LSB is transmitted first.

525. The Al NS OPVT2AHRO (Orientation, - Pos
antenna Receiver with High Resolution) Data Format

The Al NS OPVT2AHRO dat a f or mat IS I mpl e me
ver sion 2.3.0.5. Thi s data for mat provi de:
format, but sensors and position data are presented with higher resolution:

1 3 orientation angles (heading, pitch, and roll) calculated by INS

1 Calibrated outputs of 3 gyros and 3 accelerometers with high resolution

1 Calibrated outputs of 3 magnetometers

1 IMU service data

1 Position i latitude, longitude, and altitude, with high resolution

1 East, north, and vertical velocity

1 GNSS position (with high resolution) and velocity data

1 GPS reference time

1 GPS orientation data

1 GPS service data

1 Calibrated data from the pressure sensor i pressure and barometric
altitude

Structure of the |I NS data bl ocks at the @Al
Table 5.2, with the payload shown in Table 5.13.

Maxi mum data rate for the I NS output at t h
to 70 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.
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Table 5.13. The I NS message payload at the Al NS OPVT2/
Byte " " " " . . .
number 0i 1 271 3 471 5 61 17 18171 29 3071 35 361 37
. : GyroX, GyroyY, AccX, AccY, MagX, Magy,
Parameter | Heading Pitch Roll GyroZ ACCT MagZ Usw
Lenath 2-byte 2-byte 2-byte 33 4-byte 33 4-byte 33 2-byte 2-byte
g uintl6 | intl6 int16 int32 int32 int16 uint16
. . Angular rates, Accelerations, | Magnetic fields,
*
Note Orientation angles, deg*100 deg/s*1.0e5 9*1.0e6 nT/10
Table 5.13 (continued)
Wi 38171 39 4017 41 4271 49 5071 57 581 61 621 65
number
Parameter Vinp Temper Latitude Longitude Altitude East speed
Lenath 2-byte 2-byte 8-byte 8-byte 4-byte 4-byte
g uint16 int16 int64 int64 int32 int32
Supply voltage, Temperature, N N . N
Note VDC*100 °C*10 deg*1.0e9 deg*1.0e9 m*1000 m/s*100
Table 5.13 (continued)
Byte 661 69 | 70i 73 | 74i81 | 82i89 | 90i 93 947 97 98 99
number
Parameter North Vertical Latitude | Longitude | Altitude Horizontal Track over
speed speed GNSS GNSS GNSS speed GNSS | ground GNSS
Lenath 4-byte 4-byte 8-byte 8-byte 4-byte 4-byte 2-byte
g int32 int32 int64 int64 int32 int32 uint16
Note m/s*100 m/s*100 | deg*1.0e9 | deg*1.0e9 | m*1000 m/s*100 deg*100
Table 5.13 (continued)
=P 1007 103 1047 107 108 109 110 1117 112 113
number
Vertical . . Angles
Parameter speed GNSS ms_gps | GNSS_infol | GNSS_info2 | #solnSVs | V_latency position type
Lenath 4-byte 4-byte 1-byte 1-byte 1-byte 2-byte 1-byte
g int32 int32 uints uints uints uint16 uints
Note m/s*100 ms s*1000
Table 5.13 (continued)
SV 1147 115 1167 117 1187 119 | 1207 121 | 1227 123 | 1247 127 128
number
Heading Latency Latency Latency New
Parameter GNSS ms_head ms_pos ms_vel P_bar H_bar GPS
Lenath 2-byte 2-byte 2-byte 2-byte 2-byte 4-byte 1-byte
9 uintl6 int16 int16 int16 uintl6 int32 uint8
Note deg*100 ms Pa/2 m*100
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Notes:

1. Data from orientation, position, and velocity can be presented in the form of instant
or average values (see Appendix D.1).

2. Data from gyros, accelerometers, and magnetometers data can be presented in the
form of instant, average, or incremental values (see Appendix D.2).

3. Angular rates, linear accelerations, and magnetic fields are in the carrier object
axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis). The INS orientation
relative to the carrier object axes is set by alignment angles (see fAppendix A.
Variants of the Inertial Labs INS Mounting Relative to the Object Axeso0.

4. g =9.8106 m/s2.

5. USW is the unit status word (see Section 5.11 for details).

6. Vinp is the input voltage of the INS.

7. Temper is the average temperature in 3 gyros.

8. ms_gps are milliseconds from the beginning of the GPS reference week.

9. GNSS_infol, GNSS_info2 contain information about GNSS data (see Table 5.7,
Table 5.8).

10. #SoInSVs is a number of satellites used in navigation solution.

11. V_latency is latency in the velocity time tag in milliseconds.

12. Latency ms_head, Latency ms_pos, and Latency ms_vel are latencies of
timestamps i n GNSS r ecei ver pandvelecaydagsrglativegooINS t i or
time (ms_gps), in milliseconds.

13. Angles position type is GNSS position type at orientation calculation using dual
GNSS antennas. If this value is less than 100, see its description in Table 5.18.

Ot her wi s e, subtract 100 from the fATalged es p
5.18 (see Section 5.17f or an e x pl an aNavigation solutior staitusop)! . e

14. P_bar, H_bar are pressure and barometric height.

15. New_GPS is indicator of new update of GPS data (see Table 5.9).

16. LSB is transmitted first.

5.26. The dal NS O®utpdtOata Format with External Aiding Data

To control receiving of external ai ding d
OPVTADO is implemented since I NS firmware
data for mat provides the same fodnaat bat ircladest h e
data from the external sensors.

External aiding data structure is described in Section 5.7.4.

Structure of t he | NS data bl ocks at t he il
Table 5.2, with payload shown in Table 5.14.

Maxi mum data rate for the I NS output at t hi
50 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for maximum
data rate at other baud rates.
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Table 5.14. The I NS message payload at the fAI NS OPVTA
Byte . . . . . .
e o1 1 21 3 47 5 61 17 1871 29 3071 35
: : GyroX, GyroY, AccX, AccY, MagX, Magy,
Parameter | Heading Pitch Roll GyroZ AcCZ MagZ
Lenath 2-byte 2-byte 2-byte 33 4-byte 33 4-byte 32 2-byte
9 uint16 int16 int16 int32 int32 int16
, , Angular rates Accelerations Magnetic fields
* ’ L]
Note Orientation angles, deg*100 deg/s*1.0e5 g*1.0e6 nT/10
Table 5.14 (continued)
i 361 37 381 39 40171 41 4271 49 5071 57 581 61
number
Parameter Uusw Vinp Temper Latitude Longitude Altitude
Lenath 2-byte 2-byte 2-byte 8-byte 8-byte 4-byte
g uintl6 uintl6 int16 int64 int64 Int32
Supply voltage, | Temperature, . N .
Note VDC*100 °0C*10 deg *1.0e9 deg *1.0e9 m*1000
Table 5.14 (continued)
=P 621 65 661 69 7071 73 74171 81 821 89 9071 93
number
: Latitude Longitude Altitude
Parameter | East speed North speed | Vertical speed GNSS GNSS GNSS
Lenath 4-byte 4-byte 4-byte 8-byte 8-byte 4-byte
9 Int32 Int32 Int32 int64 int64 int32
Note m/s*100 m/s*100 m/s*100 deg *1.0e9 deg *1.0e9 m*1000
Table 5.14 (continued)
i 94171 97 981 99 1007 103 1047 107 108 109
number
Horizontal Track over | Vertical speed : .
Parameter speed GNSS | ground GNSS GNSS ms_gps GNSS info1 | GNSS info 2
Lenath 4-byte 2-byte 4-byte 4-byte 1-byte 1-byte
9 int32 uint16 int32 int32 uints uints
Note m/s*100 deg*100 m/s*100 ms
Table 5.14 (continued)
Byte . .
110 111 112 113 1147 115 1167 117
number
Parameter | #solnSVs Latency Latency | Angles position Heading GNSS Latency
ms_pos ms_vel type ms_head
Lenath 1-byte 1-byte 1-byte 1-byte 2-byte 2-byte
9 uints uints uints uints uint16 int16
Note ms ms Orientation angles, ms
deg*100
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Table 5.14 (continued)

i 11871 119 1207 123 124 1257 128 1297 130 1317 132
number
Parameter P_bar H_bar New GPS Odometer | Air or ground speed North wind
Length 2_—byte 4—byte 1—_byte 4—byte 2_—byte 2_—byte
uintl6 int32 uint8 int32 int16 int16
Note Pa/2 m*100 Dr:]itfggg ! Speed, kt*100 Noztllv(;/lond,
Table 5.14 (continued)
i 13371 134 1357 136 1377 138 13917 142 1437 146
number
Parameter East wind North wind STD | Eastwind STD Latitude Longitude
external external
Length 2_—byte 2_—byte 2_—byte 4—byte 4—byte
intl6 uintl6 uintl6 int32 int32
Note Eﬁif"o'gd’ STD, kt*100 deg *1.0e7
Table 5.14 (continued)
EpiE 1477 150 1517 152 1537 154 15571 156 1577 158 15917 162
number
Parameter Altitude |Latitude external| Longitude Altitude External position Lopator
external STD external STD | external STD latency latitude
Length 4-byte 2.-byte 2_—byte 2_—byte 2_—byte 4-byte
int32 uintl6 uintl6 uintl6 uintl6 int32
Note m*1000 m *100 sec*1000 deg *1.0e7
Table 5.14 (continued)
Spjits 163171 166 16771 170 17171 172 17371 174 1757 176
number
Parameter | Locator longitude | Locator altitude | Doppler shift | Doppler shift STD | New aiding data
Length 4—byte 4—byte 2_—byte 2jbyte 2Tbyte
int32 int32 int16 uintl6 uintl6
Note deg *1.0e7 m*1000 (m/s) *100
Notes:
1. Data from orientation, position, and velocity can be presented in the form of instant
or average values (see Appendix D.1).
2. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).
3. Angular rates, linear accelerations, and magnetic fields are in the carrier object
axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis).
4. g =9.8106 m/s2.
5. USW is the unit status word.
6. Vinp is the input voltage of the INS.
7. Temper is the average temperature in 3 gyros.
8. ms_gps are milliseconds from the beginning of the GPS reference week.
9. GNSS infol, GNSS_info2 contain information about GNSS data (see Table 5.7,

Table 5.8).
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12.

13.
14.
15.
16.
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#So0InSVs is a number of satellites used in navigation solution.
Latency ms_head, Latency ms_pos, and Latency ms_vel are latencies of

timestamps i n GNSS r ecei ver pand velecaydagsirglativegoINS t i o r

time (ms_gps), in milliseconds.

Angles position type is GNSS position type at orientation calculation using dual
GNSS antennas. If this value is less than 100, see its description in Table 5.18.

Ot her wi s e, subtract 100 from t he 0 ATlage e s
5.18 (see Section 5.17f or an e x p | an aNavigation solutior statusop)! . e
P_bar, H_bar are pressure and barometric height.

New_GPS is an indicator of new update of GPS data (see Table 5.9).

New aiding data is an indicator of update of external sensors data (see Table 5.15).
For more details about aiding data see Section 5.7.4.

North and east wind are northward and eastward components of the ground speed

of air mass motion.

LSB is transmitted first.

Table 5.15. New aiding data indicator

Byte Bit Parameter Description
Low byte 0 Odometer 07 data absent
11 data updated
1 Airspeed 01 data absent
171 data updated
2 Wind data 01 data absent
11 data updated
3 External position 01 data absent
11 data updated
4 Reserved
5 Heading external 07 data absent
171 data updated
6 DVL data 01 data absent
11 data updated
7 Sensors bias external 071 data absent
171 data updated
High byte 8 Pitch and Roll external 01 data absent
11 data updated
9 GNSS antennas position 01 data absent
171 data updated
10 Ambient Air Data 01 data absent
11 data updated
11 Altitude external 01 data absent
171 data updated
13 External horizontal position 01 data absent
171 data updated
14 True ground speed 01 data absent
171 data updated
15 New aiding data 2 indicator 07 No indication
171 Indication present, see Table 5.35
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527. The Al NS Senfaomags Dat ao
This data format contains data from the devices inside INS:
AHRS (IMU) data:

1 3 orientation angles (heading, pitch, and roll)

1 Raw data from the 9 sensors (gyros, accelerometers, and
magnetometers) in original ADC codes

M IMU service data

GNSS receiver data:

Position i latitude, longitude, and height

Standard deviations of latitude, longitude, and height
Horizontal and vertical speed

Direction of motion (track over ground)

GPS reference time

GPS service data

=4 =4 4 4 2 2

Pressure sensor data:

1 temperature and pressure raw data in ADC codes

Structure of the I NS data bl ocks at t he fl
Table 5.2, with payload shown in Table 5.16.
Maxi mum data rate for the I NS output at th

100 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for maximum
data rate at other baud rates.
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Table 5.16. The message payload at the AI NS Sensors

Byte . . . . . -
number 0i 1 21 3 47 5 61 23 2471 25 | 2617 27
Heading Pitch Roll
Parameter (AHRS) (AHRS) (AHRS) Ugyro, Uacc, Umag Reserved | Reserved
Lenath 2-byte 2-byte 2-byte 93 2-byte 2-byte 2-byte
9 uint16 int16 int16 int16 int16 int16
Raw sensor data
Note Orientation angles, deg*100 (gyros, accelerometers,
magnetometers)
Table 5.16 (continued)
Byte 287 29 | 307 31 327 33 347137 | 38141 | 42745 | 467 47
number
: Latitude Longitude Altitude Latitude
Parameter usw Vinp/Vdd Utermo GNSS GNSS GNSS STD
Lenath 2-byte 2-byte 2-byte 4-byte 4-byte 4-byte 2-byte
9 uintl6 uintl6 int16 int32 int32 int32 uintl6
Note Combined | Temperature in | 4«1 0a7 | deg *1.0e7 | m*100 m*1000
voltage each sensor
Table 5.16 (continued)
Byte . . . " . -
number 481 49 5071 51 5271 55 561 57 58171 61 621 65 66
Parameter Longitude | Altitude Horizontal Track over | Vertical speed ms aos | TS aps
STD STD | speed GNSS | ground GNSS GNSS 9P 9P
Lenath 2-byte 2-byte 4-byte 2-byte 4-byte 4-byte 1-byte
9 uint16 uint16 int32 uint16 int32 Int32 uints
Note m*1000 m*1000 m/s*100 deg*100 m/s*100 ms
Table 5.16 (continued)
Byte 67 68 69 70 71 72 73
number
Parameter | sol stat | pos type | #SVs #SoIlnSVs #SoInL1SVs | #SolnMultiSVs | ext_sol_stat
Lenath 1-byte 1-byte 1-byte 1-byte 1-byte 1-byte 1-byte
9 uint8 uint8 uint8 uint8 uint8 uint8 uint8
Note
Table 5.16 (continued)
Byte 74 75 76 77 | 78179 807 81| 82 83
number
Galileo and | GPS and Latency Latency
Parameter BeiDou GLONASS | ms pos ms vel UP uT New GPS | Reserved
Lenath 1-byte 1-byte 1-byte 1-byte 2-byte | 2-byte 1-byte 1-byte
9 uint8 uint8 uint8 uint8 uintl6 | uintl6 uint8 uint8
Note ms ms
Notes:

1. Data from orientation, position, and velocity can be presented in the form of instant
or average values (see Appendix D.1).
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2. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).
3. USW is unit status word (see Section 5.11 for details).
4. The following data are recorded in the field AVinp/Vddosequentially:
A the INS input voltage, Vinp, VDC*100
A stabilized voltage supplied to the INS sensors, Vdd, VDC*1000
5. In the Jtermoofield, ADC codes are recorded sequentially from 7 temperature
sensors inside gyros, accelerometers and magnetometers.
6. ms_gps are milliseconds from the beginning of the GPS reference week.
7. TS_gps is time status, which indicates the quality of the GPS reference time (see
Table 5.8).
8. sol_stat is GNSS solution status (see Table 5.17).
9. pos_type is GNSS position type (see Table 5.18).
10. #SVs is number of satellites tracked.
11. #SoInSVs is number of satellites used in navigation solution.
12. #SoInL1SVs is number of satellites with L1/E1/B1 signals used in solution.
13. #SolnMultiSVs is number of satellites with multi-frequency signals used in solution.
14. ext_sol_stat is GNSS extended solution status (see Table 5.19).
15. GPS and GLONASS is GPS and GLONASS signal-used mask (see Table 5.20).
16. Galileo and BeiDou is Galileo and BeiDou sighal-used mask (see Table 5.21).
17. Latency_ms_pos and Latency_ms_vel are latencies of timestamps in GNSS
receivero6s position and velocity | ogs rel
18. UP and UT are raw data from the pressure sensor i pressure and temperature.
19. New_GPS is indicator of new update of GPS data (see Table 5.9).
20. LSB is transmitted first.
Table 5.17. sol_stat i GNSS solution status
Value Description
0 Solution computed
1 Insufficient observations
2 No convergence
3 Singularity at parameters matrix
4 Covariance trace exceeds maximum (trace > 1000 m)
5 Test distance exceeded (maximum of 3 rejections if distance >10 km)
6 Not yet converged from cold start
7 Height or velocity limits exceeded (in accordance with export licensing restrictions)
8 Variance exceeds limits
9 Residuals are too large
13 Large residuals make position unreliable
18 When a FIX POSITION command is entered, the receiver computes its own position and
determines if the fixed position is valid
19 The fixed position, entered using the FIX POSITION command, is not valid
20 Position type is unauthorized i HP or XP on a receiver not authorized
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Table 5.18. pos_type i GNSS position or velocity type

Value Description
0 No solution
8 Velocity computed using instantaneous Doppler
16 Single point position
17 Pseudorange differential solution

18 Solution calculated using corrections from an WAAS

32 Floating L1 ambiguity solution

33 Floating ionospheric-free ambiguity solution

34 Floating narrow-lane ambiguity solution

48 Integer L1 ambiguity solution

50 Integer narrow-lane ambiguity solution

68 PPP converging (Converging TerraStar-C, TerraStar-C PRO, TerraStar-X, or Oceanix solution)
69 PPP (Converged TerraStar-C, TerraStar-C PRO, TerraStar-X, or Oceanix solution)

77 PPP basic converging (Converging TerraStar-L solution)

78 PPP basic (Converged TerraStar-L solution)

Notes:

1. The 'angles position type' indicator is used to check the validity of the calculated
dual-antenna GNSS heading. This indicator is based on the pos_type value and is
considered valid if pos_type equals 48 or 50.

2. PPP solution requires access to a suitable correction stream, delivered either
through L-Band or the internet. For L-Band delivered TerraStar or Oceanix service
and an appropriate receiver software model is required, along with a subscription to
the desired service.

Table 5.19. ext_sol_stat i GNSS extended solution status

Bit Mask Description
0 0x01 If an RTK solution: NovAtel CORRECT solution has been verified
If a PDP solution: solution is GLIDE
Otherwise: Reserved

1713 OxOE Pseudorange lono Correction:

0 = Unknown or default Klobuchar model

1 = Klobuchar Broadcast

2 = SBAS Broadcast

3 = Multi-frequency Computed

4 = PSRDIff Correction

5 = NovAtel Blended lono Value

4 0x10 RTK ASSIST active
5 0x20 0 = No antenna warning
1 = Antenna information missing
6 0x40 Reserved
7 0x80 0 = Terrain Compensation corrections are not used
1 = Position includes Terrain Compensation corrections
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Table 5.20. GPS and GLONASS signal -used mask

Bit Mask Description
0 0x01 GPS L1 used in solution

1 0x02 GPS L2 used in solution

2 0x04 GPS L5 used in solution

3 0x08 Reserved

4 0x10 GLONASS L1 used in solution

5 0x20 GLONASS L2 used in solution

6 0x40 GLONASS L3 used in Solution

7 0x80 Reserved

Table 5.21. Galileo and BeiDou signal -used mask

Bit Mask Description
0 0x01 Galileo E1 used in solution

1 0x02 Galileo E5a used in Solution

2 0x04 Galileo E5b used in Solution

3 0x08 Galileo ALTBOC used in Solution

4 0x10 BeiDou B1 used in solution (B1l and B1C)

5 0x20 BeiDou B2 used in solution (B2l, B2a and B2b)
6 0x40 BeiDou B3 used in Solution (B3I)

7 0x80 Galileo E6 used in Solution (E6B and E6C)

528, The Al NS Mi nkonet Dat ao

This data format specifies the minimum of the INS data that can be transferred with
larger data rate:

1 3 orientation angles (heading, pitch, and roll)
M IMU service data
1 Position i latitude, longitude, and altitude
1 East, north, and vertical velocity
1 GPS reference time
1 GPS service data
Structure of the I NS data bl ocks at t he Al

Table 5.2, with payload shown in Table 5.22.

Maxi mum data rate for the I NS output at th
standard COM-port baud rate 115200 bps. See Table 5.129 for maximum data rate
at other baud rates.
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Table 522. The message payload at the AI NS Mini mal
Byte number 0i 1 271 3 41 5 61 7 81 9
Parameter Heading Pitch Roll Uusw Vinp
Lenath 2-byte 2-byte 2-byte 2-byte 2-byte
9 uint1l6 intl6 intl6 uintl6 uintl6
. . Supply voltage,
*
Note Orientation angles, deg*100 VDC*100
Table 5.22 (continued)

Byte number 107 11 127 15 167 19 207 23 241 27
Parameter Temper Latitude Longitude Altitude East speed
Lenath 2-byte 4-byte 4-byte 4-byte 4-byte
g int16 int32 int32 int32 int32
Note Te”l‘(’:irla(;”re’ deg *1.0e7 deg *1.0e7 m*100 m/s*100
Table 5.22 (continued)

Byte number 281 31 3271 35 361 39 40 41
Parameter North speed Vertical speed ms_gps GNSS infol #SoInSVs
Lenath 4-byte 4-byte 4-byte 1-byte 1-byte
g int32 int32 int32 uints uints

Note m/s*100 m/s*100
Notes:
1. Data from orientation, position, and velocity can be presented in the form of instant

or average values (see Appendix D.1).

USW is unit status word (see Section 5.11 for details).
Vinp is input voltage of the INS.
Temper is the average temperature in 3 gyros.
ms_gps are milliseconds from the beginning of the GPS reference week.
GNSS _infol contains information about GNSS data (see Table 5.7).
#SolnSVs is number of satellites used in navigation solution.
LSB is transmitted first.

and Raw IMU) Data Format

2.

3.

4,

5.

6.

7.

8.
529. The
The il

NS

Al NS OPVT o0 ®rieRtatiwn, Positibn, Velocity, Time

OP VT 0 éataRoanvat provdés the most accurate information

about the raw IMU data (measurements from the gyros and accelerometers),
including their precision timestamps. It is intended for post-processing of INS data
and other tasks in which accurate information from gyros and accelerometers is
necessary. Additionally, this data format contains the main INS data i orientation,
position, and velocity.

This data format is implemented in INS firmware from version 3.2.1.2.
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dat a

bl

corresponds to Table 5.2, with payload shown in Table 5.23.

Ma x i

mum dat a

rate

f or

t he

I NS

ocka

0 u tdpta format ts

limited to 100 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.

Table 5.23. The message payl oad at tdatafofmatNS OPVT &
i 01 7 81 15 16171 27 281 39 407 41| 427 45 | 46171 49 507 53
number
GPS GPS GyroX, GyroY, | AccX, AccY, . .
Parameter INS Time | IMU Time GyroZ ACCT USW | Heading | Pitch Roll
Lenath 8-byte 8-byte 33 4-byte 33 4-byte 2-byte | 4-byte | 4-byte | 4-byte
g uinté4 | uint64 int32 int32 uintl6 | uint32 | int32 | int32
Angular rates, | Accelerations . .
* * 1 ’ *
Note s*1.0e9 | s*1.0e9 deg/s* 10000 m/s2*10000 Orientation angles, deg*1000
Table 5.23 (continued)
Byte . . " . -
number 54171 61 621 69 7071 73 747 77 781 81
Parameter Latitude Longitude Altitude East speed North speed
Lenath 8-byte 8-byte 4-byte 4-byte 4-byte
g int64 int64 int32 int32 int32
Note deg *1.0e9 deg *1.0e9 m*1000 m/s*100 m/s*100
Table 5.23 (continued)
Byte 821 85 86 87 88 89
number
Parameter | Vertical speed GNSS info 1 GNSS info 2 #solnSVs New GPS
4-byte 1-byte 1-byte 1-byte 1-byte
Length int32 uint8 uint8 uint8 uint8
Note m/s*100
Notes:

1. GPS INS Time is time of INS navigation solution (orientation, position, and velocity
data), in nanoseconds from the beginning of the GPS reference week.

2. GPS IMU Time is time of the last IMU data package received (measurements from
the gyros and accelerometers), in nanoseconds from the beginning of the GPS
reference week.

3. Orientation, position, and velocity data can be presented in the form of instant or
average values (see Appendix D.1).

4. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

o O

Table 5.8).

© N
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USW is unit status word (see Section 5.11 for details).
GNSS _infol, GNSS_info2 contain information about GNSS data (see Table 5.7,

#S0lnSVs is number of satellites used in navigation solution.
New_GPS is indicator of new update of GPS data (see Table 5.9).
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9. LSB is transmitted first.

52.10. The nASPAN Datavhomato

Important: This data format is applicable for the INS unit with NovAtel or u-blox GNSS
receivers. The last one is supported since INS firmware version 3.5.1.4. The
usage is not recommended for devices with a Septentrio GNSS receiver.

The following URL links to a copy of the NovAtel iISPAN rawimubo data log that is
widely used to output the raw IMU data (measurements from the gyros and
accelerometers) and their precision timestamps:
https://www.novatel.com/assets/Documents/Manuals/OM-20000144UM.pdf

I n contrast to the AINS OPVT & Raw | MU Dat
not contain information about orientation, position, or velocity. The A SPAN r av
data format is implemented in INS firmware since version 3.2.1.8.

Note: Scale factors for raw gyros and accelerometers data, as well as IMU status
description, were changed in INS firmware since version 3.2.3.8.

Table 5.24 shows the f u | | structure of the I NS dat a
format. Note this data format has the NovAtel binary data structure and does not
correspond to Table 5.2.

Maxi mum data rate for the I NS output at t he
100 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for maximum
data rate at other baud rates.

Table524. The ASPAN rawi mud message structure

Byte 0 1 2 3 475 6 7

number
Header Message Port
Parameter Syncl Sync2 Sync3 Length Message ID Type Address
Lenath 1-byte 1-byte 1-byte 1-byte 2-byte 1-byte 1-byte
9 uint8 uint8 uint8 uint8 uintl6 uint8 uint8
Note OxAA 0x44 0x12 28 268 0x00
Inertial Labs, a VIAVI Solutions Company 81
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Byte . . . . - -
AlbeEr 81 9 107 11 12 13 147 15 1671 19 20171 23 24171 25
Parameter Message Sequence | Idle Time Time Week |GPS Time Receiver Reserved
Length Status Status
Lenath 2-byte 2-byte 1-byte 1-byte 2-byte 4-byte 4-byte 2-byte
9 uintl6 uintl6 uint8 uint8 uintl6 uint32 uint32 uintl6
Note 40 0x00 ms
Table 5.24 (continued)
i 261 27 281 31 321 39 40171 43 4471 55 561 67 681 71
number
Parameter Receiver S/W Week GPS IMU IMU AccZ, -AccY, | GyroZ, -GyroY, | 32-bit
Version Time Status AccX GyroX CRC
Lenath 2-byte 4-byte 8-byte 4-byte 33 4-byte 33 4-byte 4-byte
g uint16 uint32 | double int32 int32 int32 hex
Note S m/s*231/200 deg*231/720
Notes:
1. BytesOto 27 are headersof t he ASPAN r aswi muo message
2. Time Status indicates the quality of the GPS reference time (see Table 5.25).
3. Week is the GPS week number.
4. GPS Time are milliseconds from the beginning of the GPS reference week.
5. Receiver Status is 32 bits representing the status of various hardware and software

components of the GNSS receiver (see Table 5.26 and note beneath it).

Receiver S/W Version is a value (0 i 65535) representing the receiver software
build number.

7. GPS IMU Time is time of the last IMU data package received (measurements from
the gyros and accelerometers), in seconds from the beginning of the GPS
reference week.

IMU Status i see Table 5.27.

AccZ, -AccY, AccX are accelerometers output along Z, Y, X axes in the form of
linear velocity increments in m/s. Note that i AccY has opposite sign for velocity Y
increment.

GyroZ, -GyroY, GyroX are gyros output around Z, Y, X axes in the form of angle
increments in degrees. Note that 1 GyroY has opposite sign for angle Y increment.
Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

o

© x
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Table 5.25. GPS reference time status

Value Description
20 Time validity is unknown
60 Time is set approximately
80 Time is approaching coarse precision
100 Time is valid to coarse precision
120 Time is coarse set and is being steered
130 Position is lost and the range bias cannot be calculated
140 Time is adjusting to fine precision
160 Time has fine precision
170 Time is fine set and is being steered by the backup system
180 Time is fine set and is being steered
Table 5.26. GNSS receiver status
Nibble Bit Mask Description Bit=0 Bit=1
0 0x00000001 | Error flag No error Error
o | 1 | 0x00000002 | Temperature status \S"é'g(‘:'irf‘icaﬁons Warning
2 0x00000004 | Voltage supply status OK Warning
3 0x00000008 | Antenna power status Powered Not powered
4 0x00000010 | LNA Failure OK Failure
N1 5 0x00000020 | Antenna open flag OK Open
6 0x00000040 | Antenna shorted flag OK Shorted
7 0x00000080 | CPU overload flag No overload Overload
8 0x00000100 | COML1 buffer overrun flag No overrun Overrun
N2 9 0x00000200 | COM2 buffer overrun flag No overrun Overrun
10 0x00000400 | COMS buffer overrun flag No overrun Overrun
11 0x00000800 | Link overrun flag No overrun Overrun
12 0x00001000 | Reserved
N3 13 0x00002000 | Aux transmit overrun flag No overrun Overrun
14 0x00004000 | AGC out of range OK Out of range
15 0x00008000 | Reserved
16 0x00010000 | INS reset No Reset INS reset
N4 17 0x00020000 | Reserved
18 0x00040000 | Almanac flag/lUTC known Valid Invalid
19 0x00080000 | Position solution flag Valid Invalid
20 0x00100000 | Position fixed flag Not fixed Fixed
N5 21 0x00200000 | Clock steering status Enabled Disabled
22 0x00400000 | Clock model flag Valid Invalid
23 0x00800000 | External oscillator locked flag Unlocked Locked
24 0x01000000 | Software resource OK Warning
NG 25 0x02000000 | Reserved
26 0x04000000 | Reserved
27 0x08000000 | Reserved
28 0x10000000 | Reserved
N7 29 0x20000000 | Auxiliary 3 status event flag No event Event
30 0x40000000 | Auxiliary 2 status event flag No event Event
31 0x80000000 | Auxiliary 1 status event flag No event Event
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Note: Only the following bits are available for the device with a u-blox GNSS receiver: 3 i
Antenna power status, 517 Antenna open flag, and 6 i Antenna shorted flag.
Table 5.27. IMU status
Nibble Bit Mask Description Range Value
0 0x00000001 Alarm status slag
NO 1 0x00000002 Reserved
2 0x00000004 Reserved
3 0x00000008 SPI communication error 0 = Passed, 1 = Failed
0 = Passed,
4 0x00000010 Sensor over-range 1 = One or more sensors over-
N1 ranged
5 0x00000020 Initial self test failure 0 = Passed, 1 = Failed
6 0x00000040 Flash memory failure 0 = Passed, 1 = Failed
7 0x00000080 Processing overrun 0 = Passed, 1 = Failed
8 0x00000100 Self test failure 1 X-axis gyro 0 = Passed, 1 = Failed
9 0x00000200 Self test failure 1 Y-axis gyro 0 = Passed, 1 = Failed
N2 10 0x00000400 Self test failure i Z-axis gyro 0 = Passed, 1 = Failed
11 | ox00000800 | SeIf testfailure X-axis 0 = Passed, 1 = Failed
accelerometer
12 | o0xo0001000 | Selftestfailured Y-axis 0 = Passed, 1 = Failed
accelerometer
N3 | 13 | o0x00002000 | SeIftestfailure i Z-axis 0 = Passed, 1 = Failed
accelerometer
14 0x00004000 Reserved
15 0x00008000 Reserved
16 0x00010000
N4 17 0x00020000
18 0x00040000
19 0x00080000
20 0x00100000
N5 21 0x00200000
22 0x00400000 IMU temperature reading as follows:
23 0x00800000 | Signed 2-byte value (SHORT)
24 0x01000000 | 25°C = 0x0000
NG 25 0x02000000 1 LSB = 0.00565°C
26 0x04000000
27 0x08000000
28 0x10000000
N7 29 0x20000000
30 0x40000000
31 0x80000000
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5.2.11. The dl NS OPVTOUNtSORE ¥drmat with Extended
GNSS Data

The AI NS OPVT GNSSexto data for mat i s i
version 3.2.3.5. This data format contains high resolution orientation, position, and
velocity data like other INS output data formats and includes extended information
about both time and the GNSS data:

mp |

1 3 orientation angles (heading, pitch, and roll) calculated by INS, with high
resolution

Calibrated outputs of 3 gyros and 3 accelerometers with high resolution
Calibrated outputs of 3 magnetometers (if they are installed in INS unit)
IMU service data (temperature, USW)

Position i latitude, longitude, and altitude calculated by INS, with high
resolution

East, north, and vertical velocity calculated by INS, with high resolution

GNSS position as latitude, longitude, altitude, and in ECEF coordinates
(all with high resolution) and their accuracy estimates

1 GNSS velocity data as horizontal and vertical speed and ECEF velocities
and their accuracy estimates

1 GNSS heading (for dual-antenna GNSS receiver)

1 Accurate GPS time information in three forms: time of GPS week; UTC;
and time represented as year, month, day, hour, minute, second, decimal
second

1 GPS service data including GDOP, PDOP, HDOP, VDOP, and TDOP
1 Calibrated data from the pressure sensor

=4 =4 A2 =2

= =

Structure of t he | NS dat a bl oc ks at t he

corresponds to Table 5.2, with payload shown in Table 5.28.

Maxi mum data rate for the I NS output at t
limited to 50 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.

Table 528. The I NS message payload at the fAI NS OPVT GI
Byte . . . . - .
number 0i 3 47 7 8i 11 127 15 167 23 247 31
Parameter TOW Heading Pitch Roll Latitude Longitude
4-byte 4-byte 4-byte 4-byte 8-byte 8-byte
Data format uint32 uint32 int32 int32 int64 int64
Note sec*103 deg*10° deg*10° deg*10°
Table 5.28 (continued)
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i 3271 35 36171 39 40171 43 447 47 481 59 6071 71
number
. . GyroX, GyroY, | AccX, Accy,
Parameter Altitude East speed | North speed |Vertical speed GyroZ ACCZ
4-byte 4-byte 4-byte 4-byte 33 4-byte 33 4-byte
Dataformat) 3, int32 int32 int32 int32 int32
Note m*1000 m/s*10° deg/s*10° g*10°
Table 5.28 (continued)
Byte 72777 | 7871 79 | 80i 81 | 827 83 84 857 88 | 897 92 | 937 96
number
MagX, Magy, GNSS GNSS GNSS
Parameter MagZ P_bar Temper usw Pos_type ECEE X | ECEEY | ECEE 7
33 2-byte 2-byte 2-byte 2-byte 1-byte 4-byte 4-byte 4-byte
Dataformat| =16 uintlé | intl6 | uintlé | uint8 | int32 | int32 | int32
Note nT/10 Pa/2 °C*10? m*10?
Table 5.28 (continued)
i 971 98 99171 102 1037 106 1077 110 1117 112 1137 120
number
GNSS GNSS GNSS Latitude
Parameter | GNSS_PACC ECEE VX ECEE VY ECEE V7 GNSS_SACC GNSS
2-byte 4-byte 4-byte 4-byte 2-byte 8-byte
Dataformat| = ;16 int32 int32 int32 uint16 int32
Note m*10? m/s*10° m/s*10? deg*10°
Table 5.28 (continued)
i 1217 128 12917 132 13371 136 1377 140 1417 144 145
number
Parameter Longitude Altitude Horizontal Track over | Vertical speed Angles_
GNSS GNSS speed GNSS | ground GNSS GNSS pos_type
8-byte 4-byte 4-byte 4-byte 4-byte 1-byte
Dataformat| 64 int32 int32 int32 int32 uint8
Note deg*10° m*1000 m/s*10° deg*10° m/s*10°
Table 5.28 (continued)
St 1467 147 148 149 150 1517 152|1537 154|15571 156|157 1 158
number
Parameter H%gciﬁg #solnSVs [GNSS infol|GNSS info2| GDOP PDOP HDOP VDOP
2-byte 1-byte 1-byte 1-byte 2-byte 2-byte 2-byte 2-byte
Dataformat| ;g uint8 uints uint8 uintlé | uintl6 | uintlé | uintl6
Note deg*10? *103 *103 *10° *10°
Table 5.28 (continued)
i 1597 160 | 1617 162 163 164 165 1661 167 168 169
number
. GPS GPS GPS |GPS Decimal
Parameter TDOP Diff_age Hours Minutes | Seconds Seconds Month Day
2-byte 2-byte 1-byte 1-byte 1-byte 2-byte 1-byte 1-byte
Data format uintl6 uintl6 uint8 uint8 uint8 uintl6 uint8 uint8
Note *10°3 sec*10
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Table 5.28 (continued)

Byte . . .
number 1707 171 | 1727 179 180 1817 182 183 184 185
Latency Latency Latency New
Parameter Year uTc ECEF time V_latency pos_time vel_time GPS
2-byte 8-byte 1-byte 2-byte 1-byte 1-byte 1-byte
Data format| — inv16 int64 uints int16 uints uints uints
Note msec msec msec msec

Notes:

1. TOW (time of week) are seconds from the beginning of the GPS reference week.

2. Orientation, position, and velocity data can be presented in the form of instant or
average values (see Appendix D.1).

3. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

4. Angular rates, linear accelerations, and magnetic fields are in the carrier object
axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis). The INS orientation
relative to the carrier object axes is set by alignment angles (see MAppendix A.
Variants of the Inertial Labs INS Mounting Relative to the Object Axesg).

5. See definition of the WGS84 ECEF coordinate system in Appendix E.

6. P_bar is pressure.

7. Temper is the average temperature in 3 gyros.

8. USW is unit status word (see Section 5.11 for details).

9. pos_type is GNSS position type (see Table 5.18).

10. GNSS_PACC is 3D position accuracy estimate (1 sigma).

11. GNSS_SACC is speed accuracy estimate (1 sigma).

12. #soIlnSVs is number of satellites used in navigation solution.

13. GNSS_infol, GNSS_info2 contain information about GNSS data (see Table 5.7,
Table 5.8).

14. Diff _age is age of differential correction. Be aware this data is not supported for the
INS with u-blox GNSS receiver. Contact Inertial Labs specifying device serial
number to get the necessary information.

15. UTC is the absolute number of seconds since midnight, January 1, 1970, including
leap seconds. A value of zero indicates that UTC is not available.

16. AIGPS Decimal Secondsoare milliseconds part of the GPS time.

17. Latency ECEF_time, Latency pos_time, and Latency vel_time are latencies of
timestamps in received BESTXYZ, BESTPOS, BESTVEL logs relative to INS time
(TOW) synchronized to the receiver PPS.

18. V_latency is the latency in the velocity time tag.

19. New_GPS is indicator of new update of GPS data (see Table 5.9).

20. LSB is transmitted first.
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5.2.12. The nUser De fOutpue &orntat t a o

Since firmware version 3.2.4.3, a user can choose desirable INS data for output
using AUser Def i ned Téabk t5.800shoovs thepfulltlist 6f datanhatt a.
user can choose; these data are combined in several groups. Table 5.31 gives a
detailed description of each data type.

Structure of t he I NS dat a bl ocks at t he
corresponds to Table 5.2, with payload shown in Table 5.29.

Use the User_Def Data_config command (see Section 5.3.8) to choose data types
for output.

Because the package | ength of the fAUser De
user choice of data, then the maximum data rate for the INS output is also variable.

It can be estimated using formula 5.1, taking into account that only data rates that

are factors of 200 (1, 2, 4, 5, 8, 10, 20, 25, 40, 50, 100, 200) Hz are available.

INS unit controls set data rate. If it exceeds the maximum value at current COM-port
baud rate and length of chosen data, then INS decreases set data rate to the
allowed value and informs wuser about this change as answer to the
User_Def Data_config command (see Section 5.3.8).

Send Get User Def Data_struct command t o
structure set by the previous user (see Section 5.3.9).

Table 5.29. Payl oad of the fiUser Defined Datao

Field OMEER [ [PEpiiorel Size, bytes Value
bytes
Pckg Number | O 1 Number of data packages present in the
payload (N)
Data List 1 N List of data types, one per byte (refer to
Table 5.30 for values)
Data #1 N+1 Variable, depends on Data according to structure shown in
data type (refer to Table 5.31
Table 5.31 for sizes)
Data #2 Variable, depends on | Variable, depends on Data according to structure shown in
Data #1 size data type (refer to Table 5.31
Table 5.31 for sizes)
é é é é
Data #N Variable, depends on | Variable, depends on Data according to structure shown in
preceding data data type (refer to Table 5.31
Table 5.31 for sizes)
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Table 530, Groups of fiUser Defined Datao

Data group Data type Description

Time data 0x01 GPS INS Time (round)
0x02 GPS INS Time
0x03 GPS IMU Time
0x04 UTC

Orientation data 0x07 Orientation angles
0x08 Orientation angles HR
0x09 Quaternion of orientation
Ox0A Quaternion of orientation HR
0x0D Grid heading
O0x0E Special orientation angles 1
Navigation data 0x10 Position
Ox11 Position HR
0x12 Velocities
0x1B Velocities HR
0x1D Body frame velocities
Ox1E ENU linear acceleration
0xBO Position in ECEF coordinates
0xB1 Velocity in ECEF coordinates
0xB2 Position in GRS
Sensors data 0x20 Gyro data

0x21 Gyro data HR
0x22 Accelerometer data
0x23 Accelerometer data HR
0x24 Magnetometer data
0x25 Barometer data
0x26 Sensors bias
0x27 Accelerometer data in PV measuring point
0x28 Differential pressure
0x29 Gyro data filtered
Ox2A HG4930 IMU status
0x2B Matrix for mag soft iron correction
0x2C Matrix for mag hard iron correction
0x97 IMU data filtered
0x98 Gyro w/o bias compensation
0x99 Barometer temperature
0x9A On-the-fly mag clb accuracy

GNSS data 0x30 GNSS position
0x31 GNSS position HR
0x32 GNSS velocity, track over ground
0x33 GNSS heading, GNSS pitch
0x34 GNSS position STD
0x35 GNSS heading STD,GNSS pitch STD
0x36 GNSS info short
0x37 Full satellites info
0x38 GNSS solution status
0x39 GNSS position or velocity type
0x3A GNSS angles position type
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0x3B Number of satellites used in solution
0x3C GPS week
0x3D GNSS velocity latency
Ox3E GNSS position timestamp
Ox3F GNSS velocity timestamp
0x40 GNSS heading timestamp
0x41 New GPS
0x42 Dilution of precision
0x43 GNSS position and speed accuracy
0x44 GDOP, PDOP
0x45 GNSS track over ground
0x47 GNSS diff age
0x48 GNSS ECEF velocity STD
0x49 PPPSEED status
0x4A GNSS extended info
Oxu0 u-blox jamming status
0xC1 NovAtel receiver status
0xC2 ACH receiver status
0xC4 GNSS Pos. and Vel. latency
Service data 0x50 Supply voltage

0x51 Stabilized voltage
0x52 Temperature
0x53 Unit status word (USW)
0x54 Navigation solution status (see Section 5.17)
0x55 KF position covariance
0x56 KF heading covariance
0x57 KF position covariance HR
0x58 KF velocity covariance
0x59 Calculation time
0x5A Unit status word (USW2)
0x5C KF pitch, roll covariance
Ox5E Heading correction source
Ox5F INS position and velocity accuracy
0xDO0 Altitude status (see Section 5.18)
0xD1 Magnetic declination
0xD2 KF state vector Odometer
0xD3 KF state vector DVL
0xD4 KF state vector Tunnel guide
0xD5 Extended cmd

External aiding data 0x60 Odometer
0x61 Air or ground speed
0x62 Wind data
0x63 External position
0x65 New aiding data
0x66 Heading external
0x67 DVL (Doppler velocity log) data
0x68 Sensors bias external
0x69 Pitch and Roll external
Ox6A GNSS antennas position
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0x6B Ambient Air Data
0x6C Altitude external
Ox6E External horizontal position
OxAl New aiding data 2
0xA2 ADC static and dynamic pressure
0xA3 Dual-axis airspeed
0xA4 Number of Base stations
OxA5 Base station #1 range
OxA6 Base station #2 range
OxA7 Base station #3 range
0xA8 Base station #4 range
0xA9 Base station #5 range
OxAA Base station #6 range
OxAB Base station #7 range
OxAC Base station #8 range
0xAD Base station #9 range
OXAE Base station #10 range
OxAF UAVCAN differential pressure and temperature
Air Data 0x80 Static pressure
0x81 Dynamic pressure
0x82 Static Pressure Over Total Pressure
0x83 Pressure Altitude (Hp)
0x84 Baro-Corrected Pressure Altitude (BCHp)
0x85 Calibrated Airspeed (CAS)
0x86 True Airspeed (TAS)
0x87 Mach-Number (M)
0x88 True Angle of Attack
0x89 Rate of Climb
0x8A Wind speed and scale factor
0x8B Air Density
0x8C Outside Air Temperature (OAT)
0x8D Air Data Unit (ADU) status
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Table 5.31. Detailed description of AUser Defined
B‘;t: Description t?):tzss Structure Note
: Time of INS solution, milliseconds from the
0x01 GPS(rl)ltljﬁ d‘;|me 4 uint32 beginning of the GPS reference week,
rounded to 1000/(output data rate)
0X02 GPS INS Time 8 Uint32 Timg o_f INS solution, seconds*1.0e9 from the
beginning of the GPS reference week
. . Time of INS IMU data, seconds*1.0e9 from
- SRS IS ImE £ e the beginning of the GPS reference week
uint8 UTC hours
uint8 UTC minutes
uint8 UTC seconds
0x04 UTC 9 uint1l6 UTC decimal seconds
uint8 UTC month
uint8 UTC day
uintl6 UTC year
uintl6 Heading, deg*100
0x07 Orientation angles 6 int16 Pitch, deg*100
int16 Roll, deg*100
Orientation angles uint32 Heading, deg*1000
0x08 HR 12 int32 Pitch, deg*1000
int32 Roll, deg*1000
intl6 g0*10000
0x09 Qua_lterniqn of 3 int16 q1*10000
orientation int16 2*10000
intl6 g3*10000
int32 q0*1.0e6
Quaternion of int32 q1*1.0e6
Ox0A orientation HR 16 int32 g2*1.0e6
int32 q3*1.0e6
0x0D Grid heading 2 uintl6 Grid heading, deg*100
Special orientation ?nt16 Pichl, deg’100
OxOE angles 1 6 int16 Yawl, deg*100
int16 Roll1, deg*100
int32 Latitude, deg*1.0e7
0x10 Position 12 int32 Longitude, deg*1.0e7
int32 Altitude, m*100
int64 Latitude, deg*1.0e9
0x11 Position HR 20 int64 Longitude, deg*1.0e9
int32 Altitude, m*1000
int32 East speed, m/s*100
0x12 Velocities 12 int32 North speed, m/s*100
int32 Vertical speed, m/s*100
int32 East speed, m/s*1.0e6
0x1B Velocities HR 12 int32 North speed, m/s*1.0e6
int32 Vertical speed, m/s*1.0e6
Body frame ?nt32 Later_al v_elocity, m{s*lOO
0x1D velocities 12 int32 Longitudinal velocity, m/s*100
int32 Vertical velocity, m/s*100
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ENU linear ?nt32 East acceleratiqn, m/s?*1.0e6
Ox1E acceleration 12 int32 North acceleration, m/s? *1.0e6
int32 Vertical acceleration, m/s?*1.0e6
Position in ECEE ?nt32 Posit?on X—coordinate, m*100
0xBO coordinates 12 int32 Position Y-coordinate, m*100
int32 Position Z-coordinate, m*100
L int32 Velocity along X-coordinate, m/s*1.0e6
0xB1 Ve::%%%i':a?;EF 12 int32 Velocity along Y-coordinate, m/s*1.0e6
int32 Velocity along Z-coordinate, m/s*1.0e6
int32 Easting coordinate, m*100
int32 Northing coordinate, m*100
oo F Zone number (for UTM the range is £60; for
OxB2 A S 9 Lints IGRS_it always equals 0_; for User defined
GRS it equals to a certain number from the
list of configured zones)
int16 Gyro X, deg/s*KG
0x20 Gyro data 6 int16 Gyro Y, deg/s*KG
int16 Gyro Z, deg/s*KG
int32 Gyro X, deg/s*1.0e5
0x21 Gyro data HR 12 int32 Gyro Y, deg/s*1.0e5
int32 Gyro Z, deg/s*1.0e5
Accelerometer ?nt16 Accelerometer X, g*KA
0x22 data 6 int16 Accelerometer Y, g*KA
int16 Accelerometer Z, g*KA
Accelerometer ?nt32 Accelerometer X, g*1.0e6
0x23 data HR 12 int32 Accelerometer Y, g*1.0e6
int32 Accelerometer Z, g*1.0e6
Magnetometer ?nt16 Magnetometer X, nT/10
0x24 data 6 int16 Magnetometer Y, nT/10
int16 Magnetometer Z, nT/10
uintl6 Pressure, Pa/2
0x25 Barometer data 6 int32 Baro altitude, m*100
int8 Gyro bias X, deg/s*0.5*10*
int8 Gyro bias Y, deg/s*0.5*10*
int8 Gyro bias Z, deg/s*0.5*10*
0x26 Sensors bias 7 int8 Accel bias X, g*0.5*10°
int8 Accel bias Y, g*0.5*10°
int8 Accel bias Z, g*0.5*10°
uint8 Reserved
Accelerometer int32 Accelerometer X, m/s2*1.0e5
data in PV :
ox27 . . 12 int32 Accelerometer Y, m/s2*1.0e5
measuring point
(see note #14) int32 Accelerometer Z, m/s2*1.0e5
Differential
pressure
0x28 (For ArduPilot 4 int32 Differential pressure, mbar*1.0e4
compatibility only. Do
not use for other
applications)
0x29 Gyro data filtered 12 int32 Gyro X filtered, deg/s*1.0e5
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(see note #19) int32 Gyro Y filtered, deg/s*1.0e5
int32 Gyro Z filtered, deg/s*1.0e5
OX2A HG4930 IMU 1 Lints IMU status (only for Honeywell HG4930). See
status description in Table 5.32
OX2B Matrix Tm ¢ 36 9*float Matrix (33 3) for magnetometers soft iron
- correction, by rows
0X 2y Matrix Hm_0 12 3*float Matrix (33 1) for magnetometers hard iron
correction, nT
int16 Gyro X filtered, deg/s*KG
int16 Gyro Y filtered, deg/s*KG
OX97 IMU data filtered 12 intl6 Gyro Z filtered, deg/s*KG
(see note #19) int16 Accelerometer X filtered, g*KA
int16 Accelerometer Y filtered, g*KA
intl6 Accelerometer Z filtered, g*KA
Gyro wio bias ?nt32 Gyro X, deg/s*1.0e5
0x98 compensation 12 int32 Gyro Y, deg/s*1.0e5
int32 Gyro Z, deg/s*1.0e5
0x99 Barometer 2 int16 degC*10
temperature
Accuracy of on-the-fly VG3D calibration
procedure, in deg*10.
OX9A On-the-fly mag clb 1 Lints Ofi unsgccessful calibrqtion_
accuracy 1- 2547 successful calibration
25571 successful calibration, but the INS
cannot estimate accuracy
int32 GNSS Latitude, deg*1.0e7
0x30 GNSS Position 12 int32 GNSS Longitude, deg*1.0e7
int32 GNSS Altitude, m*100
. int64 GNSS Latitude, deg*1.0e9
0x31 GNSSHF;’S'“O” 20 int64 GNSS Longitude, deg*1.0e9
int32 GNSS Altitude, m*1000
. int32 GNSS Horizontal speed, m/s*100
0x32 Tgc\:lks gv\elfsrf)ltjyr; d 10 uintl6 GNSS Track over ground, deg*100
int32 GNSS Vertical speed, m/s*100
0x33 GNSS Hea_lding, 4 uintl6 GNSS Heading, deg*100
GNSS Pitch int16 GNSS Pitch, deg*100
GNSS position u?nt16 GNSS Latitgde STD, m*1000
0x34 STD 6 uint1l6 GNSS Longitude STD, m*1000
uintl6 GNSS Height STD, m*1000
GNSS Heading uint16 GNSS Heading STD, deg*100
0x35 STD, GNSS Pitch 4
STD uint1l6 GNSS Pitch STD, deg*100
uint8 GNSS infol (position type, pseudorange

iono correction i see Table 5.7)

0x36 GNSS info short 2
GNSS_info2 (solution status, time status,

Ui GNSS constellations in use T see Table 5.8)
uint8 #SVs (number of satellites tracked)
0x37 Full satellites info 8 uints #So0lnSVs (number of satellites used in
solution)
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uints #SoInL1SVs (number of satellites with
L1/E1/B1 signals used in solution)
. #SolnMultiSVs (number of satellites with
uint8 . . . .
multi-frequency signals used in solution)
Uints Galileo and BeiDou signal-used mask (see
Table 5.21)
Lints GPS and GLONASS signal-used mask (see
Table 5.20)
uint8 GPS time status (see Table 5.25)
uint8 Extended solution status (Table 5.19)
ox3g | CGNSS Solution 1 uints See Table 5.17
status
e | ENSSREEMONEr | g uint8 See Table 5.18
Velocity type
Ox3A GNS_S Angles 1 Lints Angles position type at calculation of GNSS
position type angles (see Table 5.18)
Number of
0x3B satellites used in 1 uint8
solution
0x3C GPS week 2 uint1l6
Gem | SiEs velEEl 2 uint16 ms
latency
GNSS Position .
Ox3E timestamp 4 uint32 ms
gres | Shlss velEly 4 uint32 ms
timestamp
GNSS Heading .
0x40 timestamp 4 uint32 ms
ox41l New GPS 1 uints Indicator of new update of GPS data (see
Table 5.9)
uintl6 GDOP (geometric dilution of precision), *10°
Dilution of uintl6 PDOP (position dilution of precision), *103
0x42 recision 10 uint1l6 HDOP (horizontal dilution of precision), *10°
P uint1l6 VDOP (vertical dilution of precision), *10°
uint1l6 TDOP (time dilution of precision), *10°
GNSS Position uint16 GNSS_PACC, m*100
0x43 and Speed 4 - N
accuracy uint1l6 GNSS_SACC, m/s*100
uintl6 GDOP (geometric dilution of precision), *10°
et SRRl [FDRiF 4 uintl6 PDOP (position dilution of precision), *102
0x45 GNSZ;L&%( over 2 uintl6 GNSS track over ground, deg*100
0x47 CINSS Gl Gy 2 uint16 Age of differential correction, s*10
(see note #21)
UInt16 Standard deviation of GNSS ECEF velocity
X, m/s*1000
GNSS ECEF . Standard deviation of GNSS ECEF velocity
s Velocity STD g JInEe Y, m/s*1000
UInt16 Standard deviation of GNSS ECEF velocity
Z, m/s*1000
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e PPPSEED status 2 uint8 APPLICATION status
(see note #15) uint8 STORE status
GPSfix:
01 no fix;
uint8 17 2D fix;
21 3D fix;
OXAA GNSS_extended 5 31 OTHER .
info Spoofing detect:
0 7 unknown or deactivated;
uint8 17 no spoofing indicated;
2 1 spoofing indicated;
31 multiple spoofing indications
0 i unknown or feature disabled
u-blox jamming . 17 ok (n_o sig_nificant jamm.in_g) .
Oxu0 1 uint8 2 1 warning (interference visible but fix
status ok)
3i critical (interference visible and no fix)
The status of various hardware and software
OxC1 NovAtel receiver 4 Lint32 components of_the internal Nov_AteI receiver
status (available only if the INS is equipped by such
receiver type). See Table 5.33.
The status of various hardware and software
OXC2 ACH receiver 4 Lints components of_the internal ACI—_| receiV(_ar
status (available only if the INS is equipped with
such receiver type). See Table 5.34.
OxC4 GNSS Pos. and 5 uint8 Position latency, ms
Vel. latency uint8 Velocity latency, ms
0x50 Supply voltage 2 uint1l6 VDC*100
0x51 Stabilized voltage 2 uintl6 VDC*1000
0x52 Temperature 2 int16 °C*10
0x53 Unit status word 2 uint1l6 USW (see Section 5.11)
0x54 Navigation 1 uint8 See Section 5.17
solution status
KF position u?nt8 Latitu_de STD, cm
0x55 covariance 3 uint8 Longitude STD, cm
uint8 Altitude STD, cm
0X56 KF heading 1 uint8 Heading STD, deg*100
covariance
KF position u?nt16 Latitgde STD, mm
0x57 covariance HR 6 uintl6 Longitude STD, mm
uintl6 Altitude STD, mm
KF velocity u?nt8 East speed STD, mm/s
0x58 covariance 3 uint8 North speed STD, mm/s
uint8 Vertical speed STD, mm/s
0x59 Calculation time 4 int32 Time of algorithm calculation, ns*1000
Ox5A Unlt(ﬁgmwsz\)/vord uintl6 USW?2 (see Section 5.11, Table 5.122)
OX5C KF pit(_:h, roll 4 uint1l6 Pitch STD, deg*1000
covariance uintl6 Roll STD, deg*1000
Ox5E Heading uint8 07 no correction
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correction source 17 magnetometers
21 external
371 inertial
47 dual GNSS
51 Gyrocompassing at initial alignment
or during operation (FOG-based systems
only)
6 1 Gyrocompassing in static position
(FOG-based systems only)
int32 Latitude accuracy, m*1000
int32 Longitude accuracy, m*1000
OX5E INS position and o int32 Altitude accuracy, m*1000
velocity accuracy int32 East velocity accuracy, m/s*1000
int32 North velocity accuracy, m/s*1000
int32 Vertical velocity accuracy, m/s*1000
0xDO Altitude status 1 uint8 See Section 5.18
Declination angle, deg*100
Magnetic : Note: Declination is calculated and output
0xD1 D 2 intl6 , i .
declination even if magnetometers are disabled using the
Use_mags parameter.
int16 Yaw, deg*1000
0xD2 KF;;%‘%Q’;?” 6 int16 Pitch, deg*1000
intl6 The scale factor*1000
int16 Yaw, deg*1000
OXD3 KF state vector 8 int16 Pitch, deg*1000
DVL int16 Roll, deg*1000
intl6 The scale factor*1000
OxD4 KF state vector 4 ?nt16 ng, deg*1000
Tunnel guide intl6 Pitch, deg*1000
uint8 Extended command code (see Table 5.101)
OxD5 Extended cmd 4 u?nt8 Extended command argument value
uint8 Reserved
uint8 Reserved
0x60 Odometer 4 int32 Odometer distance, m*1000
0x61 APl Tele int16 Speed, kt*100
speed
int16 North wind, kt*100
. int16 East wind, kt*100
Doz il skt s uintl6 North wind STD, kt*100
uintl6 East wind STD, kt*100
int32 Latitude external, deg*1.0e7
int32 Longitude external, deg*1.0e7
int32 Altitude external, m*1000
0x63 External position 20 uintl6 Latitude external STD, m*100
uintl6 Longitude external STD, m*100
uintl6 Altitude external STD, m*100
uintl6 External position latency, sec*1000
OX65 New aiding data 2 UInt16 I(ggl(:a_}_t;)lglzfsu.gg?te of external sensors data
0x66 Heading external 6 uintl6 Heading external, deg*100
Inertial Labs, a VIAVI Solutions Company 97

www.inertiallabs.com



https://inertiallabs.com/

®
? Inertial GPS-Aided INS

g Interface Control Document Revision 2.97
a VIAVI Solutions company

uintl6 Heading external STD, deg*100
uintl6 Heading external latency, sec*1000
int32 Lateral velocity, 1000*m/sec
int32 Forward velocity, 1000*m/sec
DVL data int32 Vertical velocity, 1000*m/sec
OX67 (depends on o uintl6 Lateral velocity STD, 1000*m/sec
reference frame, uintl6 Forward velocity STD, 1000*m/sec
see note #13) uintl6 Vertical velocity STD, 1000*m/s
uintl6 Velocity latency, msec
int32 Reserved
int8 Gyro bias X, deg/s*5e3
int8 Gyro bias Y, deg/s*5e3
Sensors bias ?nt8 Gyro bigs Z, deg/s*5e3
0x68 external 7 int8 Accel bias X, g*5e4
int8 Accel bias Y, g*5e4
int8 Accel bias Z, g*5e4
uint8 Reserved
0X69 Pitch and Roll 4 int1l6 Pitch external, deg*100
external intl6 Roll external, deg*100
int16 Primary antenna, Right , m*1000
int16 Primary antenna, Forward , m*1000
OX6A GNSS antennas 12 intl6 Primary antenna, Up , m*1000
position int16 Secondary antenna, Right , m*1000
int16 Secondary antenna, Forward, m*1000
int16 Secondary antenna, Up, m*1000
intl6 Temperature, degC*10
0x6B Ambient Air Data 8 int32 Altitude, m*100
uintl6 Pressure, Pa/2
. int32 Altitude external in m*1000
DREe Al DIUBTE g uintl6 Altitude external STD in m*100
int32 Latitude external, deg*1.0e7
External horizontal i_nt32 Loqgitude external, deg*1.0e7
Ox6E position 14 uintl6 Latitude external STD, m*100
uintl6 Longitude external STD, m*100
uintl6 External position latency, sec*1000
OxAL | Newaiding data2 | 2 untte | qndieatov of update of exteral sensors data
OXA2 ADC _static and 8 uint32 Static pressure in Pa
dynamic pressure int32 Dynamic pressure in Pa*10
int32 Right velocity, 1000*m/sec
int32 Forward velocity, 1000*m/sec
OxA3 Dual-axis airspeed 14 uintl6 Right velocity STD, 1000*m/sec
uintl6 Forward velocity STD, 1000*m/sec
uintl6 latency, msec
OxA4 Number' o leeke 1 uint8 Number of base stations used in solution
stations
OXAS | Base station #1-10 int32 Base station Latitude in deg*1.0e7
OxA6 range 20
OxA7 int32 Base station Longitude in deg*1.0e7
Inertial Labs, a VIAVI Solutions Company 08
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OxA8 (The number of int32 Base station Altitude in mm
O0xA9 selected data
OxAA types must be uint32 Range in mm
OxAB equal to the ) )
OXAC number of base uintl6 Range STD in 0.01 m
OxAD stations in use) . :
OXAE uintl6 Range latency in msec
UAVCA_N int32 External differential pressure, mbar*100
differential
D pressure and 8
: oy
temperature int16 External temperature, °C*10
0x80 Static pressure 4 int32 Pressure, Pa
0x81 Dynamic pressure 4 int32 Pressure, Pa*100
0x82 |Static Pressure Over , : .
Total Pressure int32 Ratio of pressures, *1.0e6
0x83 Pl’eSSLEI:p?HItUde 4 int32 Pressure altitude, m*1000
0x84 Baro-corrected
pressure altitude 4 int32 Baro-corrected pressure altitude, m*1000
(BCHp)
0x85 Calibrated . .
airspeed (CAS) 2 int16 CAS, m/s*100
0x86 True airspeed , .
(TAS) 2 int16 TAS, m/s*100
0x87 Mach number (M) 2 uintl6 Mach number, M*10000
0x88 True angle of , .
attack 2 int16 Angle of attack, deg*100
0x89 Rate of climb 2 int16 Velocity, m/s*100
Wind speed and 2 int16 East wind, m/s*100
P 2 int16 North wind, m/s*100
Ox8A scale factor .
(see note #16) 5 intl6 T_he scale factor (SF) for measured airspeed,
Air_speed SF*1000.
0x8B Air density 2 uintl6 Air density, kg/m3 *10000
0x8C Outside air , : "
temperature (OAT) 2 int16 Air temperature, degC*100
0x8D ADU status 2 uintl6 Air Data Unit status (see Table 6.5)
Notes:

1. Unit status word (USW) is highly recommended for choice to control INS unit state
(see Section 5.11 for details).

2. I f even one data type from AGNSS datao gr ol
highly recommended for choice as well. This is indicator of new update of GNSS
data (see Table 5.9 for details).

3. I f any data type from the AExternal ai ding
recommended to also select ANew aiding dat:
indicators signal the reception of a new aiding data update (see Table 5.15 and
Table 5.35 for details).

4. Orientation, position, and velocity data can be presented in the form of instant or
average values (see Appendix D.1).
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5. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

6. AJTC Decimal Secondsoare milliseconds of the UTC time.

7. Values of KG, KA are scale factors depending on gyro and accelerometer range
(see Table 5.6).

8. g =9.8106 m/s2.

9. Angular rates, linear accelerations, and magnetic fields are in the carrier object
axes (X = lateral axis, Y = longitudinal axis, Z = vertical axis). The INS orientation
relative to the carrier object axes is set by alignment angles (see fAppendix A.
Variants of the Inertial Labs INS Mounting Relative to the Object Axeso.

10. Temper is the average temperature in 3 gyros.

11. GNSS_PACC is 3D position accuracy estimate (1 sigma).

12. GNSS_SACC is speed accuracy estimate (1 sigma).

13. DVL (Doppler Velocity Log) data can be represented either in the vehicle's
coordinate frame (right, forward, vertical) or in a navigation frame (East, North,

Up), depending on the state of the DVL_reference_frame parameter (code 0x34).

14. INS can calculate accelerations for any measuring point set by its position relative
to the accelerometer mass-center of the INS unit. The user can configure the
measuring point using the parameter 0x09 PV_meas_point (see Table 5.99).

15. PPPSEED status logs are present only if PPP correction (TerraStar or Oceanix) is
chosen for the NovAtel GNSS receiver; otherwise, appropriate fields will be
denoted by 0. Adjustment of the GNSS receiver® type of correction can be done
using the parameter 0x17 GNSS_corr_type (see Table 5.99) since INS firmware
version 3.3.0.1.

16. North and east winds are northward and eastward components of the ground speed
of air mass motion. Detailed information about the scale factor for measured
airspeed is provided under the description of the Air_speed_SF_error parameter
(see code 0x3C in Table 5.99).

17. Det ai | ed d e gicdataop tgiroonu po f( diat a types 0x80 to
Section 6.5.

18. AENU | i near & acaedrabon aampemsated for the gravity and
calculated for PV measuring point (see note #14).

19.AGyro data filteradd (tdMUadaypefDkRB)yedo (
processed by an additional first-order low pass filter with bandwidth set by
GyroF_Bandwidth parameter (see Table 5.99, parameter code 0x66). Since
firmware version 3.5.2.1, if the GyroF_Bandwidth parameter is set to OXFFFF
(maximum value), then no one filter is applied to the data.

20. See definition of the WGS84 ECEF coordinate system in Appendix E.

2. AGNSS diff ageo (data type O0x47)-blax&NSBot s u|
receiver. Contact Inertial Labs specifying device serial number to get the necessary

information.

22. The functionality of fGNSS extended infoo |
receiver installed. Support for AGPStE-blaxo i
receivers and support for ASpoofing detect.
with NovAtel receivers.

23. LSB is transmitted first.
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Table 5.32. The Honeywell HG4930 IMU status description

Size Bit Definition Description
byte 071 Successful
0 Gyro Health 17 Failed
01 Sensor data
1 Start data flag 171 0x5555 data transmitted for synchronization
07 Successful
2 Process Test 17 Eailed
01 Successful
3 Memory Test 17 Failed
: 07 Successful
4 Electronics Test (ASIC) 17 Failed
07 Successful
5 Gyro Health 17 Failed
6 Accelerometer Health 0.'. Su_ccessful
171 Failed
7 Status flag 0
Table 5.33. NovAtel receiver status
Bit Description Value
07 No error
0 Error flag 17 Error
1 Temperature status 0 i Wlthlr_l specifications
17 Warning
01 OK
2 Voltage supply status 17 Warning
3 Primary antenna power status 01 Powered
y P 17 Not powered
4 | LNA Failure 01 OK
171 Failure
5 Primary antenna open circuit fla 01 OK
y P 9 17 Open, antenna disconnected
. L 07 OK
6 Primary antenna short circuit flag 17 Short circuit detected
07 No overload
7 CPU overload flag 17 Overload
8 COM port transmit buffer overrun 01 OK
117 COM buffer overrun
. . 07 Not detected
9 Spoofing detection status 17 Detected
10 Reserved
: 07 No overrun
11 Link overrun flag 1 Overrun
0T No overrun
12 Input overrun flag 17 Overrun
13 | Aux transmit overrun flag 0 ! No overrun
17 Overrun
, 01 OK
14 Antenna gain state 1§ Out of range
15 Jammer detected 071 OK
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171 Jammer detected
07 No INS reset
16 | INSresetflag 17 INS reset
A . 07 No error
17 IMU communication failure 17 No IMU communication
18 | GPS almanac flag/UTC known 071 Valid
17 Invalid
. . 07 Valid
19 Position solution flag 17 Invalid
L 07 Not fixed
20 Position fixed flag 17 Fixed
, 07 Enabled
21 Clock steering status 11 Disabled
01 Valid
22 | Clock model flag 17 Invalid
. 07 Unlocked
23 External oscillator locked flag 17 Locked
24 | Software resource O.'. OK .
17 Warning
Bit 26 | Bit25 Description
25 | Version bit 0 0 0 Interpret Status/Error Bits as
OEMBG6 or earlier format
0 1 Interpret Status/Error Bits as
OEMY format
26 | Version bit 1 1 0 Reserved for a future version
1 1 Reserved for a future version
. 01 Normal tracking
27 | Tracking mode 11 HDR tracking
. . 07 Disabled
28 | Digital Filtering Enabled 17 Enabled
. 07 No event
29 | Auxiliary 3 status event flag 17 Event
- 0T No event
30 | Auxiliary 2 status event flag 17 Event
. 07 No event
31 | Auxiliary 1 status event flag 17 Event

Table 5.34. ACH receiver status

Description
Full navigation solution
2D solution
1D solution
DGPS solution
Solution confirmed by RAIM
Differential corrections are generated
Solution using external data
Abnormal measurement detected
Solution accuracy is correct
Velocity solution

@
=

OO (N[O |U|AR|WINF|IO
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10 GPS used

11 GLONASS used

12 Galileo used

13 BeiDou used

14 SBAS used

15 SBAS correction

16 Floating RTK solution
17 Fixed RTK solution

Table 5.35. New aiding data 2 indicator

Byte Bit Parameter Description
Low byte 0 Reserved
1 ADC static and dynamic pressure 01 data absent
11 data updated
2 Dual-axis airspeed 07 data absent
11 data updated
3 Base station range 01 data absent
11 data updated
417 Reserved
High byte 81 15 Reserved
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5213. The #Al NS NME PatdOrotmptu t 0

The Al NS NME#®rmaaranpmits the INS data in the form of sentences with
printable ASCII characters, like the NMEA 0183 format. Each sentence starts with a
fibo sign and ends with <CR><LF> (carriage return OxD and line feed OxA symbols).

Al | data fields are separated by commas.

Out put 0 s entodowiogeg i s t he

$PAPR,LLmm.mmmm,n,YYYmm.mmmm,x,AAAA.aa,B,RRRR.rr,PPP.pp,
HHH.hh,ttttttttt, TTT.t,VV.v,SSSS*CC<CR><LF>

where PAPR is identifier and other fields are listed below:

1 LLmm.mmmm is unsigned latitude, where LL are degrees and
mm.mmmm are minutes;

nis N or S (north or south);

YYYmm.mmmm is unsigned longitude, where YYY are degrees and
mm.mmmm are minutes;

X is E or W (east or west);

AAAA.aa is altitude in meters;

B denotes kind of height data ( 4ia dtitude);
RRRR.rr is roll in degrees;

PPP.pp is pitch in degrees;

HHH.hh is heading in degrees;

ttttttttt is timestamp (milliseconds from the beginning of the GPS
reference week);

TTT.t is temperature inside INS (averaged value for 3 gyros);
VV.v is input voltage of the INS;

1 SSSSis unit status word (USW) (see Section 5.11 for details). It is hex
written with ASCII;

1 CC is checksum that consists of a ffoand two hex digits representing
XOR of all characters between, but not including, fffoand fa

= =4

=4 =24 =4 A4 4 4 4

= =

Note: Orientation, position, and velocity data can be presented in the form of instant or
average values (see Appendix D.1).

Maxi mum data rate for the I NS output at
limited to 100 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.
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5.214. The Al NS Sensors DdtslEohmaDut put o

Al NS Sensors NMEA @astputctbdbudet al baeed owthdhle |
addition of gyros and accel erometers dat a.
the INS data are transmitted in the form of sentences with printable ASCII
characters, like the NMEA 0183 format. Each sentence starts with a 0 sign and

ends with <CR><LF> (carriage return OxD and line feed OxA symbols). All data
fields ar e separ ated by commas. The gener
out put 0 sentolowimge i s t he

$PAPS,LLmm.mmmm,n,YYYmm.mmmm,X,AAAA.aa,B,RRRR.rr,PPP.pp,
HHH.hh,GGGG.xx,GGGG.yy,GGGG.zz,AA.xxXXX,AA.yYyYyY,AA.zzzz ttttttttt,
TTT.t,VV.v,SSSS*CC<CR><LF>

where PAPS is identifier and other fields are listed below:

T LLmm.mmmm is unsigned latitude, where LL are degrees and
mm.mmmm are minutes;

1 nis N or S (north or south);

T YYYmm.mmmm is unsigned longitude, where YYY are degrees and
mm.mmmm are minutes;

1 xis E or W (east or west);

1 AAAA.aa is altitude in meters;

1 B denotes kind of heightdata ( 6 adé i s al titude);

1 RRRR.rr is roll in degrees;

1 PPP.pp is pitch in degrees;

1 HHH.hh is heading in degrees;

1 GGGG.xx is gyro X data in degrees/s;

1 GGGG.yy is gyro Y data in degrees/s;

1 GGGG.zz is gyro Z data in degrees/s;

 AA.xxxx is accelerometer X data in g (g = 9.8106 m/s?);

1 AA.yyyy is accelerometer Y data in g;

1 AA.zzzz is accelerometer Z data in g;

T ttttttttt is timestamp (milliseconds from the beginning of the GPS
reference week);

1 TTT.tis temperature inside INS in C (averaged value for 3 gyros);

1 VV.vis input voltage of the INS, in volts;

1 SSSSis unit status word (USW) (see 5.11 for details). It is hex written
with ASCII;
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1 CC is checksum that consists of a ffoand two hex digits representing
XOR of all characters between, but not including, ffoand fa

Notes:

1. Orientation, position, and velocity data can be presented in the form of instant or
average values (see Appendix D.1).

2. Data from gyros, accelerometers, and magnetometers can be presented in the form
of instant, average, or incremental values (see Appendix D.2).

Maxi mum data rate for the I NS output at t
format is limited to 70 Hz at standard COM-port baud rate 115200 bps. See Table
5.129 for maximum data rate at other baud rates.

5.2.15. INS NMEA Set

The INS can output navigation data in the form of NMEA messages that imitate
GNSS receiver messages based on the INS solution. The ANMES Set 0 dat
includes the following NMEA messages:

GGA (see message structure in Table 5.39)
RMC (see message structure in Table 5.42)
VTG (see message structure in Table 5.43)
HDT (see message structure in Table 5.46)
VVL (see message structure in Table 5.37)

=2 4 2 A2 2

Notes:

1. GNSS quality indicators and statuses in GGA, RMC and VTG messages are set
according to Table 5.36, depending on Navigation solution status (see Table
5.130).

2. This data format was intentionally created for integration with ArduPilot-based
autopilot, but it can also be used in other applications.

Table 5.36. GNSS quality indicators and statuses in Al N

- GGA RMC, VTG RMC
CEneng ms quality mode ind pos status
INS data are correct 1 A A
(Navigation solution status = 1, 3, 4,
5,0r7)
INS data are incorrect 0 N V
(Navigation solution status = 8)
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Table 5.37. The VVL log structure

Message component Description
$ XXVVL Log header. XX is a talker, which depends on the NMEA_talker
parameter (code 0x24).
vertical velocity Cm Vertical velocity, centimeters/sec
C Speed indicator (C = cm per sec)
*XX Checksum
<CR><LF> Sentence terminator

Maximum data rate forthe INSout put at the AI NS NMEA set
to 25 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.

Also, this type of data can be transmitted through the INS COM4 port. The COM4
port can be directly configured using the LoadINSpar_ RAM command. To do this,
you need to modify the COM4 _data var, COM4_data rate, and COM4_bps
parameters (see code 0x44 in Table 5.99).
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52.16. The ACobham UAV DPd&daOForghatt c o mo

Int he ACobham UAV fanfa the BNE datanare transmitted as AT-
commands in the form of sentences with printable ASCII characters. Each sentence
starts with FAT_ITINS= @and ends with <CR><LF> (carriage return OxD and line feed
OxA symbols). All data fields are separated by commas. The general form of the
ACobham UAV 200 Sat cofsdowing:ent ence i s the

AT_ITINS=<l|at>,<lon>,<alt>,<height>,<utc>,<ns_vel>,<ew_vel>,
<gnd_spd>,<track_ angle>,<roll>,<pitch>,<heading>,<mag_heading>,
<roll_rate>,<pitch_rate>,<heading_rate><CR><LF>

Table 5.38. Structure of the ACobham UAV 200 Sat comc

Parameter Description Units/Format Foslive Range Rl
Sense min max
AT _ITINS= AT-Command T - - -
<lat> Latitude decimal degrees North -90 90
<long> Longitude decimal degrees East -180 180
<alt> Altitude (pressure) | meters Up -500 25000
<height> Height meters Up -500 25000
<utc> Time <year>.<month>.<day>- 13-12- 19-01-
<hour>:<minute>:<second> 1901 2038
<ns_vel> North-south velocity | m/s North -500 500
<ew_vel> East-west velocity | m/s East -500 500
<gnd_spd> Ground speed m/s 0 500
<track_angle> Track angle T true degrees Clockwise -180 360
from north
<roll> Roll angle degrees Right -180 360
<pitch> Pitch angle degrees Nose up -180 360
<heading> True heading degrees Clockwise -180 360
from north
<mag_heading> Magnetic heading degrees Clockwise -180 360
from north
<roll_rate> Roll rate degrees/second Right -90 90
<pitch_rate> Pitch rate degrees/second Nose up -90 90
<heading_rate> Yaw rate degrees/second Clockwise -90 90
<CR> Carriage return
<LF> Line feed
Maxi mum data rate for the I NS output at t he

is limited to 50 Hz at standard COM-port baud rate 115200 bps. See Table 5.129 for
maximum data rate at other baud rates.
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5.2.17. The GNSS Receiver NMEA Data Formats ( Through COM2 Port)

The Inertial Labs INS can use the second COM2 port for outputting the set of GNSS
receiver data in NMEA format. The INS begins output of these data after power on
and completion of the receiver initialization (when the INS LED indicator switches
from yellow to red).

Available NMEA data sets:

GGA
GSA
RMC
VTG
ZDA
GSV

=4 =4 4 4 42 2

and one asynchronous log:

1T HDT

Note: HDT messages are available only for dual-antenna INS models. Be
aware this data is not supported for the INS with u-blox GNSS receiver.
Contact Inertial Labs specifying device serial number to get the
necessary information.

User can choose an NMEA set using the parameter 0x15 NMEA_set COM2,
NMEA COM2_data_rate (see Table 5.99) since INS firmware version 3.3.0.1.

The data for synchronous logs are generated with frequency set for each log
individually (see Section 5.5).

Data are transmitted in the form of sentences with printable ASCII characters like
the NMEA 0183 format. Each sentence starts with a 0 sign and ends with
<CR><LF> (carriage return OxD and line feed OxA symbols). All data fields are
separated by commas.
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5.2.17.1. GGA

GGA log contains time, 3D position, and fix-related data of the GNSS receiver. The
structure of the GGA log is shown in Table 5.39.

Table 5.39. The GGA log structure

MEEEERIE Description
component
$XXGGA Log header. XX is a talker, which depends on the NMEA_talker parameter (code
0x24).
utc UTC time of position (hours/minutes/seconds/decimal seconds i hhmmss.ss)
lat Latitude (DDmm.mm)
lat dir Latitude direction (N = north, S = south)
lon Longitude (DDDmm.mm)
lon dir Longitude direction (E = east, W = west)
quality GPS quality indicators (see Table 5.40)
#sats Number of satellites in use. May differ from the number in view.
Hdop Horizontal dilution of precision
alt Antenna altitude
a-units Units of antenna altitude (M = meters)
undulation Undulation i the relationship between the geoid and the WGS84 ellipsoid
u-units Units of undulation (M = meters)
age Age of correction data (in seconds)
stn ID Differential base station 1D
*XX Checksum
<CR><LF> Sentence terminator
Table 5.40. GPS quality indicators
Indicator Description
0 Fix not available or invalid
1 Single point
Pseudorange differential
2 Unconverged OmniSTAR
HP/XP/G2/VBS converging PPP
4 RTK fixed ambiguity solution (RT2)
Operational
RTK floating ambiguity solution (RT20)
5 Converged OmniSTAR HP/XP/G2
Converged PPP
6 Dead reckoning mode
7 Manual input mode (fixed position)
8 Simulator mode
9 WAAS (SBAS)
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5.2.17.2. GSA

GPS-Aided INS
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GSA log contains GNSS receiver operating mode, satellites used for navigation, and
DOP values. The structure of the GSA log is shown in Table 5.41.

Table 5.41. The GSA log structure

Message component Description
$XXGSA Log header. XX is a talker, which depends on the NMEA_talker parameter
(code 0x24).
mode MA A = Automatic 2D/3D
M = Manual, forced to operate in 2D or 3D
mode 123 Mode: 1 = Fix not available; 2 = 2D; 3 =3D
prn PRN numbers of satellites used in solution (null for
(fields 4-15) unused fields), total of 12 fields
GPS=1t032
SBAS = 33 to 64 (add 87 for PRN number)
GLO = 6510 96
pdop Position dilution of precision
hdop Horizontal dilution of precision
vdop Vertical dilution of precision
*XX Checksum
<CR><LF> Sentence terminator

5.2.17.3. RMC

RMC log contains time, date, 2D position, track made good, and speed data
provided by the GNSS navigation receiver. The structure of the RMC log is shown in

Table 5.42.

Table 5.42. The RMC log structure

Message component Description

$XXRMC Log header. XX is a talker, which depends on the NMEA _talker
parameter (code 0x24).

utc UTC time of position (hours/minutes/seconds/decimal secondsi
hhmmss.ss)

pos status Position status: A = data valid, V = data invalid

lat Latitude (DDmm.mm)

lat dir Latitude direction (N = north, S = south)

lon Longitude (DDDmm.mm)

lon dir Longitude direction (E = east, W = west)

speed Kn Speed over ground, knots

track true Track made good, degrees true

date Date: dd/mml/yy

mag var Magnetic variation, degrees

var dir Magnetic variation, direction E/W

mode ind Positioning system mode indicator (see Table 5.44)

*XX Checksum
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<CR><LF>

Sentence terminator

5.2.17.4. VTG

VTG log contains the track made good and speed relative to the ground. The
structure of the VTG log is shown in Table 5.43.

Table 5.43. The VTG log structure

Message component Description

SXXVTG Log header. XX is a talker, which depends on the NMEA _talker
parameter (code 0x24).

track true Track made good, degrees true

T True track indicator

track mag Track made good, degrees magnetic;
Track mag = Track true + (MAGVAR correction)

M Magnetic track indicator

speed Kn Speed over ground, knots

N Nautical speed indicator (N = Knots)

speed Km Speed, kilometers/hour

K Speed indicator (K = km/hr)

mode ind Positioning system mode indicator (see Table 5.44)

*XX Checksum

<CR><LF> Sentence terminator

Table 5.44. NMEA positioning system mode indicator

Mode Indicator
A Autonomous
D Differential
E Estimated (dead reckoning) mode
M Manual input
N Data not valid
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5.2.17.5. ZDA
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ZDA log outputs the UTC date and time. The structure of the ZDA log is shown in

Table 5.45.
Table 5.45. The ZDA log structure
Message component Description
$XXZDA Log header. XX is a talker, which depends on the NMEA_talker
parameter (code 0x24).
utc UTC time
day Day, 017131
month Month, 01712
year Year
null Local zone description not available
null Local zone minutes description not available
*XX Checksum
<CR><LF> Sentence terminator

5.2.17.6. HDT

HDT log outputs actual carrier object heading in degrees true (from true north). The
structure of the HDT log is shown in Table 5.46.

Table 5.46. The HDT log structure

Message component Description
$XXHDT Log header. XX is a talker, which depends on the NMEA _talker
parameter (code 0x24).
heading Heading in degrees
T True heading indicator
*XX Checksum
<CR><LF> Sentence terminator

5.2.17.7. GSV

The GSV log contains the number of GPS SVs in view, PRN numbers, elevation,
azimuth, and SNR value. The structure of the GSV log is shown in Table 5.47.
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Table 5.47. The GSV log structure

Message component Description

$XXGSV Log header. XX is a talker, which depends on the NMEA_talker
parameter (code 0x24).

# msgs Total number of messages (1-9)

msg # Message number (1-9)

# sats Total number of satellites in view. May be different than the number of
satellites in use.

prn Satellite PRN number:

GPS=11032

Galileo = 1to 36

BeiDou = 1 to 63

NaviC=1to 14

QZSS=1to0 10

SBAS = 33 to 64 (add 87 for PRN#s)
GLONASS = 65 to 96

elev Elevation, degrees, 90 maximum
azimuth Azimuth, degrees True, 000 to 359
SNR SNR (C/No) 00-99 dB, null when not tracking

Next satellite PRN number, elev, azimuth, SNR

Last satellite PRN number, elev, azimuth, SNR

system ID GNSS system ID. See Table 5.48 to see the system and signals ID.
*XX Checksum
<CR><LF> Sentence terminator

Table 5.48. System and Signals ID

GNSS system | System ID Signal ID/Signal channel
GPS 1(GP) 071 All signals
17 L1 C/A

271 L1P(Y)

31 L1M

47 L2 P(Y)

51 L2C-M

61 L2C-L

771 L5-I

81 L5-Q

9i F-Reserved
GLONASS 2 (GL) 071 All signals
17 L1 C/A

271 L1P

31 L2C/A

471 L2 P

5-Fi Reserved
Galileo 3 (GA) 07 All signals
17 E5a

271 E5b

31 Eb5atb

47 E6-A

51 E6-BC

Inertial Labs, a VIAVI Solutions Company 114
www.inertiallabs.com



https://inertiallabs.com/

i
{/InertialLabs S

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

67 L1-A

71 L1-BC

81 Fi Reserved
BeiDou 4 (GB/BD) 07 All signals
17 Bil

27 B1Q

37 B1C

47 B1A

57 B2-a

61 B2-b

77 B2 a+b

81 B3l

91 B3Q

AT B3A

Bi B2l

Ci B2Q

Di Fi Reserved
QZSS 5(GQ) 07 All signals
17 L1 C/A

21 L1C (D)

37 L1C (P)

47 LIS

57 L2C-M

61 L2C-L

77 L5

87 L5-Q

917 L6eD

AT L6E

Bi Fi Reserved
NavIC 6 (GI) 07 All signals
17 L5-SPS

27 S-SPS

37 L5-RS

471 S-RS

571 L1-SPS

61 Fi Reserved

Reserved 7-F

Inertial Labs, a VIAVI Solutions Company 115
www.inertiallabs.com



https://inertiallabs.com/

®
? Inertial GPS-Aided INS

g Interface Control Document Revision 2.97
a VIAVI Solutions company

5.2.18. The GNSS Receiver RMC Data Format ( Through COM3 Port)

The Inertial Labs INS can use the third COM3 port for output of the GNSS receiver
log RMC. The wuser can set RMC message via the parameter 0x16
GNSS COM3 _data_set, GNSS COMS3 _data_rate, GNSS _COMS3 bps (see Table
5.99) since INS firmware version 3.3.0.1.

The INS begins output of these data after power on and completion of the receiver
initialization (when the INS LED indicator switches from yellow to red). The data for
synchronous logs are generated with set frequency (see Section 5.5).

Data are transmitted in the form of sentences with printable ASCII characters like
the NMEA 0183 format. Each sentence starts with a i $ 8ign and ends with
<CR><LF> (carriage return OxD and line feed OxA symbols). All data fields are
separated by commas. RMC log contains time, position, and fix related data of the
GNSS receiver. See the structure of the RMC log in Table 5.42.

5.2.19. The CAN Messages ( Transmitted Through CAN Ports)

Since firmware version 3.2.4.0, the Inertial Labs INS can output CAN2.0A messages
through CAN ports. Since firmware version 3.2.8.1, CAN2.0B messages are also
provided, and the possibility of CAN messages choice is implemented. User can
configure two CAN ports using appropriate commands since INS firmware version
3.3.0.1 (see fiL.5 CAN/COM4o portion in Table 5.99).

Default baud rate of CAN messages is 500K bits per second. It is possible to
choose one of the following baud rates: 10K, 20K, 50K, 100K, 125K, 250K, 500K, or
1M bits per second.

On default data, rate of CAN messages is equal to rate of data output through the
main COM1 port. However, low CAN output baud rate may not allow transfer of high
frequency INS data. The maximum data rate (Hz) can be calculated using the baud
rate and data package length

CAN_baud rate

max CAN data rate —
— = 7 bits CAN_mes* nmb_CAN_m

(6.1)

where CAN_baud_rate is CAN output baud rate (bits/s); bits_ CAN_mes = 128 bits,
the length of one CAN message; nmb_CAN_mes is number of chosen CAN
messages in one package.
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Note: Before INS firmware version 3.2.5.8, the number of CAN messages in one package
nmb_CAN_mes = 8.

INS unit controls correctness of the CAN data rate setting. If user sets data rate that
exceeds maximum value (6.1), then data rate is decreased and CAN messages
resample down. User can select type of CAN messages for output between
CAN2.0A and CAN2.0B. A CAN2.0A message has an 11-bit identifier (see Fig. 5.1).

10 9 8 7 6 5 4 3 2 1 0

T [ ]
Device identifier (7 bits) Message offset (4
bits)

Fig. 5.1. CAN2.0A message identifier

The Device Identifier can be changed in range 0x00 to Ox7F.

| f the term fABase Addresso is used I nst ea
configuration program, t hen ARBase Addressa
multiplied by 16. User is able to change the Device ldentifier from 0x00 to Ox7F
(hexadeci mal ) . A Me s s a g ea spetiffic CAN ndessage (seenTakldeu e |
5.49). CAN2.0B message has 29 bit extended identifier with structure according to

SAE J1939 standard (see Fig. 5.2).

28 27 26 25 24 23 é 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Priority, EDP, DP PDU format Message offset (8 bits) Device identifier (8 bits)
(5 bits) (8 bits)
Fig. 5.2. CAN2.0B message identifier

User is able to change the following parts of CAN2.0B identifier:

1 Priority_EDP_DP is a composed part that includes Priority (3 bits),
Extended Data Page (1 bit), and Data Page (1 bit). Priority_ EDP_DP
parameter can be changed in range 0x00 to Ox1F.

1 PDU_Format is PDU format that can be changed in range 0x00 to OxFF.
1 Device identifier can be changed in range 0x00 to OxFF.

In both CAN2.0A and CANZ2.0B identifiers, t h e i Me Gfsfasgeet 0 S uni
specific CAN message, as shown in Table 5.49.
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Table 5.49. List of supported CAN messages

Message number Message Offset Data description
0 0x0 Angular rates
1 0x1 Accelerations
2 0x2 Magnetic field
3 0x3 Orientation
4 0x4 East velocity
5 0x5 North velocity
6 0x6 Vertical velocity
7 0x7 Longitude
8 0x8 Latitude
9 0x9 Altitude
A OxA Time information
B 0xB INS solution accuracy
C 0xC GNSS info
D 0xD Airspeed
E OxE Pressure altitude
F OxF USW/USW2

Note: CAN messages number 0 to 2 are provided by INS since firmware version 3.2.5.8.

The wuser can choose desired CAN messages for output. Use the
CAN1_message_set_config command (see Section 5.3.10) to choose CAN data
messages for output through CAN1l. Send the Get CAN1l message_ set_ struct
command to check the ACAN messagealadesefor st
CAN1 port (see Section 5.3.11). CAN2_message_set_config and
Get_CAN2_message_set_struct can be applied to CAN2 port for the same reasons.

The data field of each CAN message has length of 8 bytes. All INS data in CAN
messages are scaled integers. Each CAN message contains timestamp, which is

GPS reference time at the time of the measurement. GPS reference time is time

from the beginning of the GPS reference week in seconds, with one millisecond
resolution. The message #A ATime informati
time, including seconds and milliseconds. All other messages contain only number

of milliseconds in full GPS reference time.

Inertial Labs, a VIAVI Solutions Company 118
www.inertiallabs.com



https://inertiallabs.com/

gy ————————————————————————
- |
{/InertialLabs GPS-Alded INS

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

Message #0. Angular rates

Gyro X, Gyro Y, and Gyro Z data are presented as scaled 2-bytes signed integers,
in (deg/s)*KG, where scale factor KG depends on gyro range (see Table 5.6).
Angular rate resolution is thus 1/KG deg/s.

Timestamp is number of milliseconds in GPS reference time at which the

measurements were performed.

Table 5.50. Angular rates (Message offset: 0x0 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Angular rate X Angular rate Y Angular rate Z Timestamp
MSB LSB MSB LSB MSB LSB MSB LSB

Message #1. Accelerations

Accelerometer X, Accelerometer Y, Accelerometer Z data presented as scaled 2-
bytes int32, in g*KA, where scale factor KA depends on accelerometer range, see
Table 5.6. So, acceleration resolution is 1/KA g.

Timestamp is number of milliseconds in GPS reference time at which the

measurements were done.

Table 5.51. Accelerations (Message offset: Ox1 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Acceleration X Acceleration Y Acceleration Z Timestamp
MSB LSB MSB LSB MSB LSB MSB LSB

Message #2. Magnetic field

There are Magnetometer X, Magnetometer Y, and Magnetometer Z data are
presented as scaled 2-byte signed integers, in nT/10. Magnetic field resolution is
thus 10 nT.

Timestamp is number of milliseconds in GPS reference time at which the

measurements were performed.

119
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Table 5.52. Magnetic field (Message offset: 0x2 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Magn. Field X Magn. Field Y Magn. Field Z Timestamp
MSB LSB MSB LSB MSB LSB MSB LSB

Message #3. Orientation data

Heading data is a scaled 2-byte unsigned integer, in degrees*100. Heading data
resolution is thus 0.01 deg.

Pitch and roll data are scaled 2-byte signed integers, in degrees*100. Pitch and roll
data resolution is thus 0.01 deg.

Timestamp is number of milliseconds in GPS reference time at which the

measurements were performed.

Table 5.53. Orientation Data (Message offset: 0x3 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Heading Pitch Roll Timestamp
MSB | LSB MSB | LSB MSB | LSB MSB | LSB

Message #4. East velocity

East velocity data is a scaled 4-byte signed integer, in (m/s)*100. East velocity data
resolution is thus 0.01 m/s.

Timestamp is number of milliseconds in GPS reference time at which the

measurements were performed.

Table 5.54. East velocity data (Message offset: 0x4 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
East velocity Timestamp T |
MSB LSB MSB LSB T |
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Message #5. North velocity

North velocity data is a scaled 4-byte signed integer, in (m/s)*100. North velocity
data resolution is thus 0.01 m/s.

Timestamp is number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.55. North velocity data (Message offset: 0x5 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
North velocity Timestamp T |
MSB LSB MSB LSB T i

Message #6. Vertical velocity

Vertical velocity data is a scaled 4-byte signed integer, in (m/s)*100. Vertical
velocity data resolution is thus 0.01 m/s.

Timestamp is number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.56. Vertical velocity data (Message offset: 0x6 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Vertical velocity Timestamp T |
MSB LSB MSB LSB i i

Message #7. Longitude

Longitude data is a scaled 6-byte signed integer, in degrees*109. Longitude data
resolution is thus 107 9 degrees.

Timestamp is number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.57. Longitude data (Message offset: 0x7 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Longitude Timestamp
MSB LSB MSB LSB
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Message #8. Latitude

Latitude data is scaled a 6-byte signed integer, in degrees*109. Latitude data
resolution is thus 10'° degrees.

Timestamp is the number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.58. Latitude data (Message offset: 0x8 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Latitude Timestamp
MSB LSB MSB LSB

Message #9. Altitude

Altitude data is a scaled 4-byte signed integer, in meters*1000. Altitude data
resolution is thus 0.001 meter.

Timestamp is the number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.59. Altitude data (Message offset: 0x9 )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Altitude Timestamp T T
MSB LSB MSB LSB i i

Message #A. Time information

This message contains GPS reference time at the time of the measurement. GPS
reference time is time from the beginning of the GPS reference week in seconds,
with one millisecond resolution.

The first part of this message contains the integer component of GPS reference time
in seconds. The second part contains the fractional component of GPS reference
time as number of milliseconds. Therefore, full GPS reference time = A GPS t i m
(integer part)o + AGPS time (milliseconds)
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Table 5.60. Time information (Message offset: 0xA)

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
. , GPS time
GPS time (integer part) (milliseconds) [ |
MSB LSB MSB LSB T T

Message #B. INS solution accuracy
This message contains the following data:

1 INS position covariance (3D position accuracy estimate) is a scaled 2-
bytes unsigned integer, in m*1000. Data resolution of INS position
covariance is thus 0.001 m.

1 INS velocity covariance (velocity accuracy estimate) is a scaled 2-byte
unsigned integer, in m/s*1000. Data resolution of INS velocity covariance
is thus 0.001 m/s.

1 INS heading covariance (heading accuracy estimate) is a scaled 1-byte
unsigned integer, in deg*100. Data resolution of INS heading covariance
is thus 0.01 deg.

1 Navigation solution status (see Table 5.130).

Timestamp is number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.61. INS solution accuracy data (Message offset: OxB )

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 | Byte 7
INS position INS velocity INS heading Navigation Ti
: : : . imestamp
covariance covariance covariance solution status
MSB LSB MSB LSB MSB LSB

Message #C. GNSS info
This message contains the following data:

#SoInSVs is number of satellites used in solution
GNSS position type (see Table 5.18)

GPS time status (see Table 5.25)

GNSS solution status (see Table 5.17)

Angles position type (see Table 5.18).

= =2 =2 =2 =4

Timestamp is number of milliseconds in GPS reference time at which the
measurements were performed.
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Table 5.62. GNSS info data (Message offset: OxC)

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
#S0INSVs GNSS GPS time | GNSS solution Timestamp Angles position )
position type status status type
MSB LSB - -

Message #D. Airspeed
This message contains the following data:

1 Calibrated airspeed (CAS) is a signed 2-byte integer, in (m/s)*100. See
description to CAS in Section 6.5.

1 True airspeed (TAS) is a signed 2-byte integer, in (m/s)*100. See
description to TAS in Section 6.5.

Timestamp is number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.63. Airspeed (Message offset: OxD)

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Callbra(tce:ig;rspeed True airspeed (TAS) Timestamp Reserved
MSB LSB MSB LSB MSB LSB

Message #E. Pressure altitude
This message contains the following data:

1 Baro-corrected pressure altitude (BCHp) is an integer, in m*1000. See
description to BCHp in Section 6.5.

1 Air Data Unit status (ADU) is an unsigned 2-byte integer. See description
to ADU status in Table 6.5.

Timestamp is number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.64. Pressure altitude (Message offset: OXE)

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Baro-corrected pressure altitude Air Data Unit status Timestamp
MSB LSB MSB LSB MSB LSB
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Message #F. USW/USW2
This message contains the following data:

1 USW status (see Table 5.121).
1 USW2 status (see Table 5.122).

Timestamp is the number of milliseconds in GPS reference time at which the
measurements were performed.

Table 5.65. USW/USW2 (Message offset: Ox F)

Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Unit Status Word Unit Status Word 2 Timestam Reserved
(USW) (USW?2) P
MSB LSB MSB LSB MSB LSB
52.20. The Al MU TGAO dhraughCOM4d Rott)a (

The INS can output IMU data with their maximum frequency through COM4 port.

The COM4 port can be directly configured using the LoadINSpar_ RAM command.
To do this, you need to modify the COM4_data var, COM4_ data rate, and
COM4_Dbps parameters (see code 0x44 in Table 5.99).

To avoid skips, the maximum output frequency for IMU TGA data packets depends
on the set baud rate:

1 460800 or 921600 bps i 1000 Hz output data rate
1 2000000 bps i 2000 Hz output data rate

The

structure

of

t he

I NS

dat a

bl oc k s Table

5.2, with message identifier 0x9A. The payload is shown in Table 5.66.

Table 566 The | NS message payload at the Al MU TGAO
Byte number 07 11 1271 23 2471 31
Parameter GyroX, GyroY, AceX, AccY, GPS IMU Time
GyroZ AccZ
3% 4-byte 33 4-byte 8-byte
Length int32 int32 uint64
Note Angular rates, Accelerations, GPS seconds of the week,
deg/s*1.0e5 g*1.0e6 s*1.0e9
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Notes:

1. Angular rates and linear accelerations are in the carrier object axes (X = lateral
axis, Y = longitudinal axis, Z = vertical axis). The INS orientation relative to the
carrier object axes is set by alignment angles (see fMAppendix A. Variants of the
Inertial Labs INS Mounting Relative to the Object Axes0.

Angular rates and linear accelerations are instantaneous, not filtered IMU data.
g =9.8106 m/s2.

GPS IMU Time are nanoseconds from the beginning of the GPS reference week
(see Section 5.19 for details).

5. LSB is transmitted first.

B wn

5.2.21. The i HE BdalFormat ( Through COM4 Port)

Since firmware version 3.2.6.1, the Inertial Labs INS can output messages in NMEA
HEHDT format through COM4 port. User can configure COM4 port using appropriate

commands since I NS fir mwar e version 3.3.0
Table 5.99).
The gener al forms of (tfoleav: AHEHDTO sentences

$HEHDT , XXX. XX, T*CC<CR><LF>

Table 5.67. The NMEAHEHDT message in AHEHDTO for mat

Message component Description
$ Start character
HEHDT Identifier
XXX. XX Heading in degrees
T True heading indicator
cC Checksum that consists of a ffdand two hex digits representing XOR of all
characters between, but not including fifoand 0
<CR> Carriage return
<LF> Line feed
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5.2.22. The @ NA\Datd Boomat

Since firmware version 3.4.0.9, the Inertial Labs INS can output the following data in
ANAV4400 data for mat

Roll and pitch angles

Yaw angle (true north)

X, Y, Z angular rates corrected
North, east, down velocities
GPS longitude, latitude, altitude
GPS ITOW

Master BIT and Status

=4 4 4 A 4 4 4

The ANAV4400 f or mat -lermth sbinaayt message with stfuctwes d
shown in Table 5.68. Note this data format has specific data structure and does not
correspond to Table 5.2.

Maximum data rate for the output is 200 Hz at standard COM-port baud rate 115200
bps. See Table 5.129 for maximum data rate at other baud rates.

Table 568. The fANAV4400 message structure

Byte

0i 1 21 3 4 516 71 8 97 10
number
Parameter | Preamble | Packet type Length rollAngle pitchAngle yawAngleTrue
2-byte 2-byte 2-byte
Length 2-byte 2-byte 1-byte (16 iNt16 iNt16
2*pi/2716, 2*pi/2"16, 2*pi/l2"16,
Note 0x5555 0x4E30 0x20 radians radians radians
[360°/2"16, deg] | [360°/2"16, deg] | [360°/2"16, deg]
Table 5.68 (continued)
Spjite 117 12 137 14 157 16 17718 | 1971 20 | 217 22
number
Parameter | xRateCorrected yRateCorrected zRateCorrected nVel eVel dvel
Lenath 2-byte 2-byte 2-byte 2-byte 2-byte 2-byte
g int16 int16 int16 int16 int16 int16
Note 7*pi/2"°16, rad/s 7*pi/2"°16, rad/s 7*pif2"16, rad/s | 512/2"16, | 512/2716, | 512/2"16,
[1260°/2716, deg/s]|[1260°/2"16, deg/s]|[1260°/2716, deg/s] m/s m/s m/s
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Table 5.68 (continued)

Byte . . . . - .
number 2371 26 277 30 317 32 3371 34 3571 36 3771 38
Parameter |longitudeGPS | latitudeGPS | altitudeGPS | GPSITOW BlTstatus Checksum

Lenath 4-byte 4-byte 2-byte 2-byte 2-byte 2-byte

9 int32 int32 int16 uintl6 uintl6 uint16
*N1 N\ *Ni N\
sz'éz. 32, 2*pif 2 32, (2°14/2"16) T | lower 2 bytes
Note adians Radians 100 of GPS TOW CRC-16
[360°/2732, [360°/2732, ’ ’ checksum
m ms
deq] deg]
Notes:

1. rollAngle, pitchAngle, yawAngleTrue are orientation angles: roll, pitch, yaw (true
north), in radians. Angles are scaled to a range of [-pi, +pi] or [-180 deg to +180
deg].

2. xRateCorrected, yRateCorrected, and zRateCorrected are corrected angular rate

around X, Y, Z axes, in rad/s.

nVel, eVel, dVel are north, east, and down velocity respectively, in m/s.

longitudeGPS, latitudeGPS, altitudeGPS are GPS longitude in radians, GPS

latitude in radians, and GPS altitude in meters (range is from -100 to 16284

meters).

5. GPSITOW is GPS integer time of week (lower 2 bytes of GPS Time), in
milliseconds.

B w

6. BlITstatus is Master BIT and status, see Table 5.69.

7. All multiple byte values are transmitted Big Endian (Most Significant Byte First).

8. All communication packets end with a single word CRC (2 bytes). CRCs are
calculated on all packet bytes, excluding the preamble and the CRC itself. Input
packets with incorrect CRCs will be ignored. This 16-bit CRC-CCITT standard is
maintained by the International Telecommunication Union (ITU). The highlights are:
A Wwidth = 16 bits
A Polynomial 0x1021
A Initial value = OXFFFF
A No XOR performed on the final value

Table 5.69. NAV440 default BIT status definitions
BlTstatus Field Bits Meaning Category

masterFail (1) 0 0 = normal, 1 = fatal error has occurred BIT
HardwareError (2) 1 0 = normal, 1= internal hardware error BIT
comError 2 0 = normal, 1 = communication error BIT
softwareError (3) 3 0 f normal, BIT

1 = internal software error
Reserved 47 7 |N/A
masterStatus (4) 8 0 = nominal, 1 = one or more status alerts Status
hardwareStatus 9 0= _nominal, . . Status

1 = internal GPS unlocked or 1PPS invalid
comStatus 10 Disabled Status
softwareStatus 11 0 = nominal, 1 = algorithm initialization Status
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sensorStatus (5) 12 0 = nominal, 1 = sensor over range Status
Reserved 137 15 |N/A
Notes:

1. masterFail equals 1 when there is an error with one of the bits in BIT Category.
Otherwise, value equals 0.

2. HardwareError equals 1 when there is an error with Software status, Gyroscope
Unit, Accelerometer Unit, Magnetometer Unit, Electronics, and/or GNSS receiver
(see Table 5.121). Otherwise, value equals O if there are no errors.

3. softwareError equals 1 when Initial Alignment failed. Otherwise, value equals 0
when there are no errors.

4. masterStatus equals 1 when there is an error with one of the bits in Status
Category. Otherwise, value equals 0.

5. sensorStatus equals 1 when there is an error with: Incorrect Power Supply, Angular
Rate Exceeding Detect, Large Magnetic Field Detect, and/or Environmental
Temperature. Otherwise, value equals O when there are no errors.

5223. The nAXDRo Data For mat

The AXDRO f or mat consists of t wo i ndepende
transmitted as printable ASCII characters.
with <CR><LF> (carriage return OxD and line feed OxA symbols). All data fields are

separated by commas. The gener al form of t1

$22XDR,A,RRR.1r,D,ROLL*CC<CR><LF>
$22XDR,A,PP.pp,D,PITCH*CC<CR><LF>

where fields are listed in Table 5.70.

Table 5.70. The INS message s in XDR data format

MUEENS Description
component

$22XDR Start characters (message identifier)

A Transducer type i angular

RRR.rr Roll angle, in degrees

PP.pp Pitch angle, in degrees

D Units of measurement 1 degrees

ROLL Name of transducer in the sentense

PITCH Name of transducer in the sentense

*CC t#heck sum that consists of a ffosign and two hex digits representing XOR of all characters
between, but not including Bdand ffocharacter

<CR> Termination characters Carriage return i OxD

<LF> Line feed i OxA
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Note: Orientation data can be presented in the form of instant or average values (see
Appendix D.1).

Maxi mum data rate f or XDRoe dlaNS of uotrpmuattlO0aHz tl hi
at standard COM-port baud rate 115200 bps. See Table 5.129 for maximum data
rate at other baud rates.

52.24. T h eINSiPVA Estmateo Dat a For mat

Since firmware version 3.5.1.1, the Inertial Labs INS can output the following data in
AINS PVA Estimate6 dat a f or mat

GPS Epoch time

Latitude, longitude, altitude

Roll and pitch angles

Yaw angle (true north)

Position accuracy: latitude STD, longitude STD, altitude STD
Attitude accuracy: roll STD, pitch STD, yaw STD

North, east, down speed

=4 4 4 4 4 4 4

T h eINSAPVA Estimate6 f or ma't consists of a binary m
in Table 5.71. Note this data format has specific data structure and does not
correspond to Table 5.2.

Maximum data rate for the output is limited to 100 Hz at standard COM-port baud
rate 115200 bps. See Table 5.129 for maximum data rate at other baud rates.

Table 5.71. St r uct ulN@PVAEstimate®d fmessage

Payl oad of the Al NS P\
OXFF | OxFD (see Table 5.72) OXFF | OxFF
+ Snapshot Status message with 1Hz frequency
Payl oad of the ASnapsh
OxFF | OxFD Table 5.73) OxFF | OxFF

Note: The flag sequence OxFF, OxFD delimits the beginning of the message, and the flag
sequence OxFF, OxFF at delimits the end of the message.
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Table 5.72. Payload o f

t INSePVA Estimate 0 message

GPS-Aided INS
Interface Control Document Revision 2.97

nl?rxtbeer I(‘S;tgtsr; Parameter Units Format
1 1 Message ID i 226
21 9 8 GPS Epoch Time Seconds double
Geodetic Coordinates
107 17 8 Latitude Degrees double
1871 25 8 Longitude Degrees double
2671 33 8 Altitude Degrees double
Attitude
347 37 4 Roll Degrees float
381 41 4 Pitch Degrees float
427 45 4 Yaw (true north) Degrees float
Position Accuracy: standard deviation
467 47 2 Latitude STD 0.05 Meters uint1l6
497 49 2 Longitude STD 0.05 Meters uintl6
5071 51 2 Altitude STD 0.05 Meters uintl6
Attitude Accuracy: standard deviation
5271 53 2 Roll STD 0.001 Degrees uintl6
5471 55 2 Pitch STD 0.001 Degrees uintl6
561 57 2 Yaw STD 0.001 Degrees uint1l6
Velocity
581 59 2 Speed (North) 0.02 Meters/sec uintl6
6071 61 2 Speed (East) 0.02 Meters/sec uintl6
621 63 2 Speed (Down) 0.02 Meters/sec uintl6
641 65 2 Checksum i uint1l6
Notes:
1. All bit, byte, and word order are Little Endian.

2. Any bytes with the value OxFF in the message itself are translated into the
sequence OxFF, OxFE.

3. Checksum is the two& complement of the 16-bit sum of all the preceding words in
the message; if an odd number of bytes preceded the checksum, then the last byte

is padded with a 0 for the calculation.

4. Lengt h IS PMAEstimdted me s snaygckange from 69 bytes to 133

bytes.
Table 5.73. Pay | o a ®napshot $tdtius 0 i mes s age
Byte Length .
T e (bytes) Parameter Units Format
1 1 Message ID I 224
271 5 4 Reserved (always set to 0) |
6 1 Set to 2 when the IMU is ready | uint8
7 1 Set to 2 when GPS Receiver 1 is ready I uint8
8 1 Set to 2 when GPS Receiver 2 is ready i uint8
9 1 Reserved (always set to 0) I
10 1 Set to 2 when the KF is operating i uint8
117 23 13 Reserved (always set to 0) I
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| 241 25 | 2 | Checksum | i | uint16 |

Notes:

1. All bit, byte, and word order are Little Endian.

2. Checksum is the t woO0 s-bitsaormgf bllehe ereceding vordsime 1 6
the message; if an odd number of bytes precedes the checksum, then the last byte
is padded with a O for the calculation.

5.2.25. Extended GNSS data (Through COM2 Port)

Since firmware version 3.5.3.3, the Inertial Labs INS can output through its COM2
port a fixed set of GNSS logs from the internal NovAtel GNSS receiver (Extended
GNSS data). The INS begins output of these data after power on and completion of
the receiver initialization (when the INS LED indicator switches from yellow to red).

Table 5.74 shows the logs that are transmitted within this data package. Each log
has a unique structure, which can be seen in the NovAtel commands and logs
reference manual.

Note: This logs set is not supported by the INS with the u-blox or Septentrio GNSS
receivers. Contact Inertial Labs specifying device serial number to get the
necessary information.

Table 5.74. The fixed set of GNSS logs from the NovAtel GNSS receiver

# NovAtel log Description Frec(ﬁg)n cy

1 | ALIGNDOP DOP computed using the satellites used in the heading solution Aperiodic

2 | GPSEPHEM GPS Ephemeris data. Aperiodic

3 | ALMANAC The decoded GPS almanac parameters. Aperiodic

4 | BESTPOS Best available position computed by the receiver. 1

5 | BESTSATS Lists the used and unused satellites for the corresponding GNSS 1
solution.

6 | BESTVEL Best available velocity information computed by the receiver. 1

7 | BESTXYZ Receiverd6s best available posit 1

8 | GPGRS GPS range residuals for each satellite. 1

9 | GPGSA GNSS receiver operating mode, satellites used for navigation and 1
DOP values.

10 | GPGST Pseudo-range measurement noise statistics are translated in the 1
position domain to give statistical measures of the quality of the
position solution.

11 | GPGSV The number of GPS SVs in view, PRN numbers, elevation, azimuth 1
and SNR value.

12 | GPRMB Navigation data from present position to a destination waypoint. 1

13 | GPRMC Time, date, position, track made good and speed data provided by 1
the GPS navigation receiver.
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14 | GPVTG Track made good and speed relative to the ground. 1

15 | GPZDA UTC date and time. 1

16 | HWMONITOR Temperature, antenna current and voltages. 1

17 | IONUTC lonospheric Model parameters (ION) and the Universal Time Aperiodic
Coordinated parameters (UTC).

18 | RANGE Channel measurements for the currently tracked satellites. 1

19 | RAWALM Undecoded GPS almanac subframes as received from the satellite. Aperiodic

20 | RAWEPHEM Raw binary information for subframes one, two and three from the Aperiodic
GPS satellite L1 C/A signal with the parity information removed.

21 | RXSTATUS Conveys various status parameters of the GNSS receiver system. Aperiodic

22 | SATXYZ2 Contains the decoded satellite information necessary to compute the 1
solution: satellite coordinates (ECEF), satellite clock correction,
ionospheric corrections, and tropospheric corrections.

23 | TIME Provides several time related pieces of information including receiver 1
clock offset and UTC time and offset

24 | VERSION Version information for all components of a system 1

The COM2 port can be directly configured using the LoadINSpar RAM command.
To do this, you need to modify the GNSS COMZ2_data_set,
GNSS COM2_ data_rate, and GNSS_COM2_bps parameters (see code 0x14 in
Table 5.99).

5.2.26. Orientation Output On Event (Through COM4 Port)

Note: The method of obtaining orientation data in a specific structure was designed for
particular purposes and is not intended for typical use.

The INS features a dedicated trigger pin on its main connector (see the pin diagram
in Table 4.1) that enables the reception of external event pulses to trigger the output
of orientation data in a specific format through the INS COM4 port. The TTL
configuration of the external event pulse matches the profile depicted in Fig. 4.7.

The pulse polarity is user-adjustable and can be directly set using the
LoadINSpar_RAM command. To do this, you need to modify the EVENT_polarity
parameter (see code 0x54 in Table 5.99).

The COM4 port can be directly configured using the LoadINSpar_ RAM command.
To do this, you need to modify the COM4_data var, COM4_data_rate, and
COM4_bps parameters (see code 0x44 in Table 5.99).

The structure of the orientation data blocks transmitting by event pulse corresponds
to Table 5.2, with message identifier OXEE. The payload is shown in Table 5.75.
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Table 5.75. The payload of orientation data block transmitting by event

Byte . . . .
AlheEr 011 27 3 471 5 61 13
Parameter Heading Pitch Roll GPS Time
2-byte 2-byte 2-byte 8-byte
Length uintl6 intl6 intl6 uint64
Note Orientation angles, deg*100 GPS seconds of the week, s*1.0e9

Important: If the INS unit is configured to transmit orientation data blocks through its
COM4 by external event pulse, then the Mark input feature is unavailable.

5.2.27. External GNSS Receiver (Through COM4 Port)

The INS can provide special data in a specific format through its COM4 port that the
ot her |l nerti al Labs product s (e. g., I MUp I
receiver datao and AHeading external o dat a.

The structure of the data packet that is outputting through COM4 corresponds to
Table 5.2 with message identifier 0x62 and payload shown in Table 5.110. It is
important to note that the transmitting measurement types, their sizes, and the
structure within the External GNSS Receiver data are listed in Table 5.76.

Table 5.76. Aiding data measurements structure

Type Semantic bs;tzees Structure

0x06 Heading external 6 uintl6 Heading external in 0.01 deg
uint1l6 Heading external STD in 0.01 deg
uint1l6 Heading external latency in msec
int32 Longitude external in deg*1.0e7
uint1l6 Latitude external STD in 0.01 m
uintl6 Longitude external STD in 0.01 m
uint1l6 External position latency in msec

0x10 External GNSS 35 uint32 GPS Time, ms

receiver data uintl6 HDOP, 1e2
uintl6 GPS Week number
int32 Latitude from GNSS, deg*le7
int32 Longitude from GNSS, deg*le7
int32 Altitude, m*1e3
int32 East speed, m/s*1e3
int32 North speed, m/s*1e3
int32 Vertical speed, m/s*1e3
uint8 #so0InSVs (Number of satellites used in
navigation solution)
uint8 Time Status, see Table 5.77
uint8 Solution Status, see Table 5.78
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Table 5.78. GNSS Position or Velocity type

Value Description
Table 5.77. Time Status 0 No solution
Value Description 1 Single point
0 Time validity is unknown 2 SBAS
1 Time is fine 3 DGPS
4 RTK float
5 RTK integer

The COM4 port can be directly configured using the LoadINSpar_ RAM command.
To do this, you need to modify the COM4 data var, COM4_ data rate, and
COM4_bps parameters (see code 0x44 in Table 5.99).

5.2.28. INS Data Format (Through COM4 Port)

There is an option to output regular INS data formats through the INS COM4 port,
not only through COM1. To enable this feature, the COM4 port should be configured
to output A 1 N &nd dtha teaired data foarat@&d command code must be
specified. All data command codes are listed in Table 5.81.

The COM4 port can be directly configured using the LoadINSpar RAM command.
To do this, you need to modify the COM4_data var, COM4_ data rate, and
COM4_Dbps parameters (see code 0x44 in Table 5.99). The command code of the
desired data format can be set by the COM4_format parameter (see code 0x4D in
Table 5.99).

Note: When the COM4 port i s set to transmit 61 NS
receive aiding data.

5.2.29. BESTPOS, BESTVEL, and PSRDOP logs

The INS can output simulated BESTPOS, BESTVEL, and PSRDOP binary logs that
imitate the output of a NovAtel GNSS receiver based on the INS solution. These
logs have a unique structure, which can be seen in the NovAtel commands and logs
reference manual.

Notes:

1. GNSS quality indicators and statuses in BESTPOS, BESTVEL, and PSRDOP logs
are set according to Table 5.79, depending on availability of GNSS data and
Navigation solution status (see Table 5.130).

Inertial Labs, a VIAVI Solutions Company 135
www.inertiallabs.com



https://inertiallabs.com/
https://docs.novatel.com/OEM7/Content/PDFs/PreviousVersions/OEM7_Commands_Logs_Manual_v20.pdf
https://docs.novatel.com/OEM7/Content/PDFs/PreviousVersions/OEM7_Commands_Logs_Manual_v20.pdf

- |
{/InertialLabs GPS-Alded INS

( g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

2. This data format was intentionally created for integration with ArduPilot-based
autopilot, but it can also be used in other applications.

Maximum data rate for the INS output at this data format is limited to 40 Hz at
standard COM-port baud rate 115200 bps. See Table 5.129 for maximum data rate
at other baud rates.

Table 5.79. GNSS quality indicators and statuses in BESTPOS, BESTVEL, and PSRDOP logs

Quiality indicators INS GNSS receiver type
and statuses NovAtel | u-blox | Septentrio | External NMEA
#SVs At valid GNSS data:
#s0lnSV. As deilcor\'/%[glm the #SVs and #solnSVs have the same values
soinsvs #solnMultiSVs = 0
commands and log | . \ylisys = 0
#soInL1SVs reference manual -
#solnMultiSVs At invalid GNSS data, these fields have a value of 77
#PRN If the Navigation solution status is set to 8, then these fields have a value of O
HDOP At invalid GNSS data, these field has a value of 0.9
If the Navigation solution status is set to 8, then this field has a value of 9999
VDOP At invalid GNSS data, these field has a value of 0.9
PDOP At invalid GNSS data, these field has a value of 1.2728
pos type These fields have a value of 16 (single point)
vel type If the Navigation solution status is set to 8, these fields have a value of 0

Receiver status

ext sol stat As described in the

NovAtel
commands and log
reference manual

Galileo and Beidou These fields have a value of 0

sig mask

GPS and GLONASS

sig mask
180 (Time is fine set and is being steered);

Time Status If the Navigation solution status is set to 8, this field has a value of 20 (Time validity
is unknown).
0 (Solution computed);

Sol stat If the Navigation solution status is set to 8, this field has a value of 1 (Insufficient
observations).
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5.2.30. Event IMU and Navigation data (Through COM4 Port)

Note: The method of obtaining IMU and Navigation data in a specific structure was
designed for particular purposes and is not intended for typical use.

The INS features a dedicated trigger pin on its main connector (see the pin diagram
in Table 4.1) that enables the reception of external event pulses to trigger the output
of IMU and Navigation data in a specific format through the INS COM4 port. The
TTL configuration of the external event pulse matches the profile depicted in Fig.
4.7.

The pulse polarity is user-adjustable and can be directly set using the
LoadINSpar_ RAM command. To do this, you need to modify the EVENT_polarity
parameter (see code 0x54 in Table 5.99).

The COM4 port can be directly configured using the LoadINSpar_ RAM command.
To do this, you need to modify the COM4 data var, COM4 data rate, and
COM4_bps parameters (see code 0x44 in Table 5.99).

The structure of the IMU and Navigation data blocks transmitting by event pulse
corresponds to Table 5.2, with message identifier OXEF. The payload is shown in
Table 5.80.

Table 5.80. The payload of IMU and Navigation data block transmitting by event

itz 0i 11 127 23 247 31 327 39 407 43 447 51
number
Gyroé(),/r(j%/roY, ACCZ((’:?ZC ¢y, Latitude Longitude Height GPS Time
3x4-byte 3x4-byte 8-byte 8-byte 4-byte 8-byte
int32 int32 int64 int64 int32 uint64
GPS seconds
deg *1.0e9 | deg *1.0e9 m*1.0e3 of the week,
s*1.0e9

Parameter

Length

Angular rates, | Accelerations,

Note deg/s*1.0e5 g*1.0e6

Important: If the INS unit is configured to transmit IMU and Navigation data blocks
through its COM4 by external event pulse, then the Mark input feature is
unavailable.
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5231. TheiGPGGA+GPRMC+GPHDTO Data For mat

The INS can output navigation data in the form of NMEA messages that imitate
GNSS receiver messages based on the INS solution. The included NMEA messages
in this data format are listed below:

1 GPGGA (see message structure in Section 5.2.17.1).
1 GPRMC (see message structure in Section 5.2.17.3).
1 GPHDT (see message structure in Section 5.2.17.6).

Note: These | ogs are always transmilDted with the

The maximum data rate for this output is 50 Hz at the standard COM port baud rate
of 115200 bps. See Table 5.129 for the maximum data rate at other baud rates.

There 1 s an option to output nGPGGA+ GPRMC-
INS COM4 port, not only through COM1. See Section 5.2.28 to enable this feature.
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5.3. Control of the Inertial Labs INS

After power connection, initialization of the onboard GNSS receiver starts, which
takes approximately 15 seconds. During this initialization, the INS LED indicator
(see Fig. 4.1) lights yellow. After the initialization is complete, the LED indicator
switches to red, and the INS goes to fidle modeq in which it is ready to receive
commands from the host computer.

When the INS switches from idle to any operation mode, the light indicator changes
color from red to green.

The following commands are used to control the INS unit:

INS OPVTdata;

INS _QPVTdata;
INS_OPVT2Adata;
INS_OPVT2AHRdata;
INS_ OPVT2Awdata,;
INS_OPVTADdata;
INS_SensorsData;
INS_minData;

INS OPVT_rawlMUdata;
SPAN_rawimu;

INS OPVT_GNSSextdata;
User_Def Data;
INS_NMEA,;

INS_Sensors_ NMEA,
INS_NMEA_Set;
Cobham_UAV200_Satcom;
INS_NAV440

INS_XDR;;
GPGGA_GPRMC_GPHDT;
INS_PVA_Estimate;

INS_ BESTPOS_BESTVEL_PSRDOP;
SetOnRequestMode;

Stop;

ReadINSpar;

=2 =24 =2 4 4 4 4 4 4 -4 -4 -4 -5 -9 -9 -9 -9_-9_-9_-°9_-°2_--3-2-°
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LoadINSpar;
GetDevlnfo;
GetBIT;
DevSelfTest;
Extended_cmd;
GetExplnfo.

=4 4 4 5 2 2

These commands have the byte structure shown in Table 5.2. Payload for all
commands has a length of 1 byte and contains code of the commands. See
Appendix B for exact structure of these commands.

5.3.1. Commands for INS Startin Continuous Operating Mode

Commands, listed in Table 5.81, are used to start the Inertial Labs INS in the
AContinuouso operating mode with appropri at

These commands have the byte structure shown in Table 5.2. Payload for all
commands has a length of 1 byte and contains code of the commands listed in

Table 5.81.
Table 5.81. INS control command and appropriate output data format
Command Code Output data format
Name Structure
INS SensorsData 0x50 INS Sensors Data
INS OPVTdata 0x52 INS OPVT
INS QPVTdata 0x56 INS QPVT
INS OPVT2Adata 0x57 INS OPVT2A ,
INS_OPVT2AHRdata 0x58 | INS OPVT2AHR bi'n“;;f"';‘irti?jre
INS OPVT2Awdata 0x59 INS OPVT2AW according to Table
INS OPVTADdata 0x61 INS OPVTAD 52
INS minData 0x53 INS Minimal Data '
INS OPVT rawlMUdata 0x66 INS OPVT & Raw IMU
INS OPVT GNSSextdata 0x67 INS OPVT GNSSext
User Def Data 0x95 User Defined Data
INS NMEA 0x54 INS NMEA Output
INS Sensors NMEA 0x55 INS and Sensors NMEA Output
INS NMEA Set 0x6B INS NMEA Set ASCII sentences
Cobham UAV200 Satcom 0x46 Cobham UAV 200 Satcom
INS XDR Ox6E XDR
GPGGA GPRMC GPHDT Ox5E GPGGA+GPRMC+GPHDT
SPAN rawimu 0x68 SPAN rawimu
INS NAV440 Ox6A NAV440 Unique binary
INS PVA Estimate Ox6F INS PVA Estimate structure
INS BESTPOS BESTVEL PSRDOP| 0x5D BESTPOS, BESTVEL, and
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| | | PSRDOP logs | |

INS acknowledges receipt of any of these commands by responding back
immediately. The INS calculates the checksum of the message (without its header
and checksum) and returns it for a checking. Byte structure of this message is
shown in Table 5.2, where payload is the calculated checksum (2 bytes). This
checksum should be equal to the checksum in the message sent to the INS.

After acknowledgement, the INS starts the process of initial alignment, which
usually takes 30 seconds. This process includes the INS gyros bias estimation;
therefore, it is important not to move the INS during its initial alignment. If this
requirement is disregarded, large errors in orientation angles calculation may occur.

Note: If the device starts while moving or if, for some other reason, it is impossible to
achieve absolute stationarity at the start, you should set the initial alignment time
to 0 seconds to skip initial alignment. However, in such a case, INS dynamic
accuracy may be decreased. The user can change the initial alignment time directly
by parameter 0x04 Init_align_time (see Table 5.99).

After completing the initial alignment, the INS gives out a message with a block of
the initial alignment data (see Section 5.4) and goes to the nCon
mode.

I n the ACont i nuo ushe progpam iinahe iINSE@pemtesiie an endless
loop, providing calculation and output of position and orientation. Structure of output
data depends on chosen output data format (refer to Section 5.2 for a detailed
description).

The update rate of data blocks is set by the user in range (1...200) Hz, but maximum
data rate depends on chosen output data format and COM-port baud rate (see
Table 5.129).

5.3.2. SetOnRequestMode Command 1 Getting INS Data on Request (on
Demand)

The command SetOnRequestMode is used to start the Inertial Labs INS operation in
t he A On Request o (on demand) operating m
structure shown in Table 5.2, where the payload is one byte equal to OxC1.

INS acknowledges receipt of any of these commands by responding back
immediately. The INS calculates the checksum of the message (without its header
and checksum) and returns it for a checking. Byte structure of this message is
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shown in Table 5.2, where payload is the calculated checksum (2 bytes). This
checksum should be equal to the checksum in the message sent to the INS.

After acknowledgement, the INS starts the process of initial alignment, which
usually takes 30 seconds. This process includes the INS gyros bias estimation;
therefore, it is important not to move the INS during its initial alignment. If this
requirement disregarded, large orientation angles calculation errors may occur.

Note: If the device starts while moving or if, for some other reason, it is impossible to
achieve absolute stationarity at the start, you should set the initial alignment time
to 0 seconds to skip initial alignment. However, in such a case, INS dynamic
accuracy may be decreased. The user can change the initial alignment time directly
by parameter 0x04 Init_align_time (see Table 5.99).

After completing the initial alignment, the INS gives out a message with a block of
the initial data (see the Section5.4) and goes to the A0On Reqgu

I n the fAONn Reqgue s tthe INSpsendsaonly ong data dldok after each
request. To receive this data block, send one of commands listed in Table 5.81.

Note that the | NS _SensorsData command I S not SUuUpf¥
operating mode since the INS firmware version 2.1.1.0. Structure of the output data

block depends on chosen output data format (refer to Section 5.2 for a detailed
description).

5.3.3. Stop Command

At receiving the Stop command ( ¢theldS GopF E |
working in an operating mode and goes to the idle mode, at which time the INS LED
indicator changes its color to red. In idle mode, the INS is ready to receive any
command from the host computer.

The INS answers on the Stop command received during operation: it calculates the
checksum of the message (without its header and checksum) and returns it for a
checking. Byte structure of this message is shown in Table 5.2, where payload is
the calculated checksum (2 bytes).

Important: Before using all other commands, please send the Stop command to the INS
to switch the device into idle mode. Ensuret hat t he | NS6s | ight
before sending any other commands. Some commands can be used while the
device is operating without the necessity to send the Stop command, see
Table B.1 for details.
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Important : This command is deprecated and should not be used. Use the
LoadINSpar_RAM command instead.

The

Loadl NSpar

command

(code

Ox40 in

block of the INS parameters (which are available for changing by user) into the INS
nonvolatile memory. After sending the LoadINSpar command, the block of the INS
parameters must be sent to the INS in the message shown in Table 5.2, with
payload shown in Table 5.82. This message should be sent without pause after

sending the LoadINSpar command.

The INS calculates the checksum of received parameters and returns it for a
checking. Byte structure of this message is shown in Table 5.2, where payload is

the calculated checksum (2 bytes).

Table 5.82. Payload of the message following after the LoadINSpar command (block of parameters for loading

to the INS)
Byte Parameter Format Length Note
0i 1l Data rate uintl6 2 Hz
21 3 Initial alignment time uintl6 2 seconds
47 7 Magnetic declination (Mdec) int32 4 degrees*100,
if Mdec > 360, then INS
calculates it
81 11 Latitude int32 4 degrees*le7
127 15 Longitude int32 4 degrees*le7
167 19 Altitude int32 4 meters*100
20 Date (Year from 2000) uint8 1 0 to 255
21 Date (Month) uint8 1 1to 12
22 Date (Day) uint8 1 1to31
2371 24 Alignment angle Al intl6 2 Angles of INS mounting on the
251 26 Alignment angle A2 int16 2 carrier object, degrees*100
271 28 Alignment angle A3 intl6 2 (see Appendix A)
29171 30 INS mount, right intl6 2 INS mounting lever relative to
317 32 INS mount, forward int16 2 the object center of gravity,
3371 34 INS mount, up intl6 2 m*100 (see Section 5.8)
35 ! 36 Antenna pos., right !nt16 2 GNSS antenna mounting lever
37171 38 Antenna pos., forward intl6 2 relative to the INS. meters*100
3971 40 Antenna pos., up int16 2 ’
41 Altitude uint8 1 1 = Altitude
42171 49 Reserved uint8 8
5071 57 INS serial number char 8 read-only, change is ignored
58 Baro_altimeter uint8 1 0 = disabled; 1 = primary
altitude sensor; 2 = secondary
altitude sensor
59 Reserved uint8 1
Notes:
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1. Since firmware version 3.3.0.1, the user can change each INS parameter
separately by sending the LoadINSpar_ RAM command (see Section 5.3.13).

2. Before using LoadINSpar command, it is necessary to use ReadINSpar command
(see below) to read parameters from the INS. After that, the user can change some
parameters listed in Table 5.82 and send back all blocks of parameters to the
Inertial Labs INS.

3. Since firmware version 3.2.0.0, only data rates that are factors of 200 (1, 2, 4, 5, 8,
10, 20, 25, 40, 50, 100, 200) Hz are available.

4. By default, the initial alignment time is set to 30 seconds. If the device starts while
moving or if, for some other reason, it is impossible to achieve absolute stationarity
at the start, you should set the initial alignment time to 0 seconds to skip initial
alignment. However, in such a case, INS dynamic accuracy may be decreased.

5. Itis necessary to set current latitude, longitude, and altitude for setting the initial
position, in case the GNSS data may be not available at the INS start.

6. Itis necessary to set current latitude, longitude, altitude, year, month, and day
before hard/soft iron calibration of the INS magnetometers (see Section 5.9).

7. The Baro_altimeter switch enables or disables use of the pressure sensors data for
the INS altitude correction. On default, it is set to 0 (altitude sensor is disabled).
(See Section 5.6 for details.)

5.3.5. ReadINSpar Command

Important: This command is deprecated and should not be used. Use the
ReadINSpar_RAM command instead.

The Readl NSpar command (code O0xTblle?5.2hisuséde i |
to read the block of the current INS parameters (60 bytes) from the INS RAM. After
receiving ReadINSpar command, the INS sends out the message, with structure
according to Table 5.2 and payload shown in Table 5.83.

Table 5.83. Payload of the INS answer on the ReadINSpar command
(block of parameters read from the INS)

Byte Parameter Format Length Note

0i 1l Data rate uintl6 2 (1 é 200) Hz

21 3 Initial alignment time uint16 2 seconds

47 7 Magnetic declination (Mdec) int32 4 degrees*100

81 11 Latitude int32 4 degrees*le7

127 15 Longitude int32 4 degrees*le7

1671 19 Altitude int32 4 meters*100

20 Date (Year from 2000) uint8 1 0 to 255

21 Date (Month) uint8 1 lto 12

22 Date (Day) uint8 1 1to31

231 24 Alignment angle Al intl6 2 Angles of INS mounting on the

2571 26 Alignment angle A2 intl6 2 carrier object, degrees*100 (see

271 28 Alignment angle A3 int16 2 Appendix A)

291 30 INS mount, right intl6 2 INS mounting lever relative to the
Inertial Labs, a VIAVI Solutions Company 144
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317 32 INS mount, forward intl6 2 object center of gravity, m*100 (see

3371 34 INS mount, up intl6 2 Section 5.8)

357 36 Antenna pos., right intl6 2 .

377 38 Antenna pos., forward int16 2 iﬁﬁfeigtfﬁg?anloﬂtggr;flvgé

3917 40 Antenna pos., up intl6 2 '

41 Altitude uint8 1 1 = Altitude

4271 49 Reserved uint8 8

5071 57 INS serial number char 8

58 Baro_altimeter uint8 1 0 = disabled; 1 = primary altitude
sensor; 2 =secondary altitude
sensor

59 Reserved uint8 1

See Notes to the Section 5.3.4.

5.3.6. GetDevinfo Command

The GetDevlinfo command (code 0x12 in the 0

information about the following devices installed in the INS:

INS processor
IMU

GNSS receiver
Pressure sensor

= =2 =2 =

To answer device queries, the INS sends out the message with structure according
to Table 5.2 and payload shown in Table 5.84.

Table 5.84. Payload of the INS answer on the GetDevinfo command

Byte Parameter Format Length Note

01 7 ID sn char 8 INS serial numder

81 47 ID fw char 40 INS firmware version

48 Press_Sens uint8 1 Pressure sensor: 0 = absent;
1=Typel,; 2= Type2

49 IMU_type uint8 1 IMU type

5071 57 IMU sn char 8 IMU s/n

581 97 IMU_fw char 40 IMU firmware version

981 113 GNSS model char 16 GNSS receiver model

11471 129 GNSS sn char 16 GNSS receiver product s/n

1307 145 GNSS hw char 16 GNSS receiver hardware version

14671 161 GNSS fw char 16 GNSS receiver firmware version

1627 163 GPS week uintl6 2 GPS reference week number

164 GNSS data rate uint8 1 GNSS receiver max data rate, Hz

165 External_Sens uint8 1 External sensor (odometer) type: 0 =
absent; 1= OBDII; 2= Encoder

Inertial Labs, a VIAVI Solutions Company
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5.3.7. GetBIT Command

The Inertial Labs INS has continuous built-in monitoring of its health. In both
AContinuouso and AOn Re,ghe éNS sendsoyt the Enit Statms mo
Word (USW) in each data block (see Tables Table 5.5, Table 5.10, Table 5.11,

Table 5.12, Table 5.13, Table 5.14, Table 5.16, Table 5.22, Table 5.23, Table 5.28,

and Table 5.29). The USW is described in Section 5.11.

The USW can be accessed any time the INS is in Aidledo r AOn RequestoO
mode (after the SetOnRequestMode command). For this, the GetBIT command
(code Ox1A in the APayl oad,thefINSedends out the u s ¢
message with data according to Table 5.85.

Table 5.85. Payload of the INS answer on the GetBIT command

Byte number 01 1 21 3
Parameter Utermo100 Usw
2-byte 2-byte

Length int16 uint16

In Table 5.85 Utermo100 is the INS temperature in 1/100 °C increments.

5.3.8. User_Def Data_config Command

To set necessary dat a types for t hhe A
User Def Data_config command (code O0x96, in
followed by the message with the block of parameters listed in Table 5.86. This
message has the byte structure shown in Table 5.2 and should be sent without
pause after sending the User_Def Data_config command.

Table 5.86. Payload of the message following after the User_Def_Data_config command and answer on the
Get_User_Def_Data_struct command

Byte Parameter Format Length Note
0 Pckg Number uint8 1 Number of data packages for output (N)
1toN Data List uint8 N List of data types, one per byte (refer to Table
5.30 for values)

The INS calculates the checksum of received message with parameters and returns
it for a checking. Additionally, the INS checks the correctness of the list of data
types. Byte structure of the INS answer corresponds to Table 5.2, where payload is
shown in Table 5.87.
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Table 5.87. Payload of the INS answer on the User_Def Data_config command with list of data types

Byte number 071 1 2 31 4 5 6 7
Parameter Checksum of Data list Data types | Maximum Reserved Reserved
received message error correctness | data rate
Lenath 2-byte 1-byte 2-byte 1-byte 1-byte 1-byte
9 uintl6 uint8 uintl6 uint8 uint8 uint8
Notes:

1. Calculated checksum in bytes 0 7 1 should be equal to the checksum of the

message with payload Table 5.86 that was sent to the INS. Otherwise the

User_Def Data_config command is ignored.

AData | ist erroro cdableb8ve values | isted i:1

|l f even one of bits #0 to #2,tehthe he ADat a |

User_Def Data_config command is ignored. In such a case, the checksum of the

message after this command is not calculated and bytes #0 and #1 in INS answer

Table 5.87 are zero.

4. I'f bit #3 of t he 0 Dathea Udern Bef Datar corfig @ommasd i: o t
still accepted. The same applies to other data formats; after INS starts, it checks
compliance of data package size with set data rate and COM-port baud rate. In an
instance of no compliance, the INS data rate will be corrected to an allowed (lower)
value.

5. AData types correctnesso indicates correct |
16 first types. If i-th data type is correct, theni-t h bit of the fData |
zero. Otherwise,i-t h bit i s set to 1. | f zetoDthae a | i st
User_Def Data_config command is ignored.

6. A" Maxi mum data rateodo shows the maximum dat a
current baud rate.

w N

Table 5.88. Codes of the data list error

Bit Value and description

0 | 17 incorrect structure of the message following the User_Def Data_config command, with payload
listed in Table 5.86; 07 no errors in the message structure

1 |17 incorrect data in the payload (Table 5.86) of the message following the User_Def _Data_config
command; 07 no errors in the payload

2 | 17 wrong data types are ordered; 0 i no errors in data types. Wrong data types are shown in the
AData |list correctnesTable587)el d of the I NS answe
3 | 17 ordered list of data is too large for current output data rate and COM-port baud rate;
071 size of INS output data meets current data rate and COM-port baud rate
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5.3.9. Get_User_Def Data_struct Command

The Get User Def Data_struct command (code
sentf rom the host computer to check t hethei Us ¢
previous user. As answer to this command, the INS sends out the message with
information shown in Table 5.86. This message has the byte structure shown in

Table 5.2.

5.3.10. CAN1 _message_set config and CAN2_message_set config
Command s

It is possible to choose necessary CAN messages for output through CAN1 and
CAN2 ports. For this purpose, the CAN1_message_ set _config command (code 0x98
i n the fAPayahdoGAND messagel sdt)config command (code 0xB9 in the
APay !l oa dshoulfl beeséntdfdllowed by a message with the block of parameters
listed in Table 5.89. This message has the byte structure shown in Table 5.2 and
should be sent without pause after sending the CAN1 _message_set _config or
CAN2_message_ set _config command.

Table 5.89. Payload of the message following the CAN 1 _message_set_config and CAN2_message_set_config
command s as well as the answer on the Get. CAN 1_message_set struct and Get_ CAN2_message_set_struct

command s
Byte Parameter Format Length Note
0 Pckg Number uint8 1 Number of CAN data messages for output
(N)
1toN Data List uint8 N List of CAN data messages, one per byte
(refer to Table 5.49 for values)

The INS calculates the checksum of received message with parameters and returns
it for a checking. Additionally, the INS checks the correctness of the list of data
types. Byte structure of the INS answer corresponds to Table 5.2, where payload is
shown in Table 5.90.

Table 5.90. Payload of the INS answer on the CAN 1_message_set_config and CAN2_message_set_config
command s with list of data types

Byte number 011 2 37 4 5 6 7
Checksum of CAN data list CAN data Maximum
Parameter . types Reserved | Reserved
received message error data rate
correctness
Lenath 2-byte 1-byte 2-byte 1-byte 1-byte 1-byte
9 uint16 uints uint16 uints uints uints
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Notes:

1. Calculated checksum in bytes 01 1 should be equal to the checksum of the
message with payload Table 5.89 that was sent to the INS. Otherwise, the
CAN1_message_set_config or CAN2_message_set_config command is ignored.
ACAN data | ist error o TalderbO9have values |
|l f even one of bits #0 to #2 of,the he ACAN
CAN1_message_set_config or CAN2_message_set_config command is ignored. In
such cases, the checksum of the message after this command is not calculated,
and bytes #0 and #1 in INS answer Table 5.90 are zero.
4. I'f bit #3 of the nACAN, thentCAN1l messhage esetrconfigoor i s |

CAN2_message_set_config command is still accepted. The same applies to other

data formats; after INS starts, it checks compliance of data package size with set

data rate and COM-port baud rate. In an instance of no compliance, the INS data

rate will be corrected to an allowed (lower) value.

S ¢

t
d

wn

5. ACAN data types correctnesso indicates cor.
up to 16 first types. If i-th data type is correct, theni-t h bit of the ADat
correct nesGOtlerwiss, i-tzke rmi.t i s set to 1. | f nDat
zero, then the CAN1_message_set_config or CAN2_message_set_config command
is ignored.

6. AMaxi mum data ratedo shows the maxi mum dat a
current baud rate.

Table 5.91. Codes of the CAN data list error

Bit Value and description

0 | 17 incorrect structure of the message following the CAN1_message_set config or
CAN2_message_set_config command, with payload listed in Table 5.89; 0T no errors in the message
structure

1 | 17 incorrect data in the payload (Table 5.89) of the message following the

CAN1 message set config or CAN2 message set config command; 07 no errors in the payload

2 | 17 wrong data types are ordered; O i no errors in data types. Wrong data types are shown in the
AData |l ist correctnesTae500).el d of the I NS answe
3 | 171 ordered list of data is too large for current output data rate and COM-port baud rate;

07 size of INS output data meets current data rate and COM-port baud rate

5.3.11. Get_CAN1 message_set struct and Get CAN2 message_set struct
Command s

The Get CAN1 message_ set struct command (code 0x99 int he fAPayl oad ¢
and Get CAN2 message_set struct command (c
can be sent from the host computer to check the
ordered by the previous user for the CAN1 and CAN2 ports. As answer to any of

these commands, the INS sends out the message with information shown in Table

5.89. This message has the byte structure shown in Table 5.2.
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5.3.12. DevSelfTest Command

The DevSel f Test command (code O0x13 jamain t h e
results of the device self-test during INS initialization after power on.

As answer, the INS sends out the message with structure according to Table 5.2
and 4 bytes payload shown in Table 5.92. If this payload is zero, then the INS unit
passed the self-test successfully.

Table 5.92. Structure of the payload of INS answer on the DevSelfTest command

Value and description
171 INS parameters are absent; 0 1 INS parameters are present
17 Undefined IMU baud rate; 07 IMU baud rate is detected correctly
17 Undefined IMU model; 07 IMU model is read
17 Undefined IMU firmware version; 07 IMU firmware version is read
17 Undefined IMU calibration date; 0 i IMU calibration date is read
17 Undefined IMU serial number; O 7 IMU serial number is read
17 GNSS receiver initialization error; O i receiver initialization is successful
17 IMU ID read error; 01 IMU ID is read successfully
171 IMU Status Buffer read error; 07 IMU Status Buffer is read successfully
17 Undefined GNSS receiver baud rate; 0 i GNSS receiver baud rate is correct
107 31 | Reserved

o
~t

OO N[O |U|A|WINFIO

Note: LSB is transmitted first in this payload 1 the same as in all other multi-byte integer
data.

5.3.13. Configuration of INS Parameters

The LoadINSpar command can be used to load the fixed block of the INS
parameters into the INS nonvolatile memory (see Section 5.3.4), and the
ReadINSpar command can be used to read this block of INS parameters.

Since firmware version 3.3.0.1, a user can change each INS parameter separately
by sending LoadINSpar RAM command. Table 5.93 shows the structure of
LoadINSpar_ RAM command. The command ReadINSpar_RAM can be used to read
the value of specified INS parameters. Structure of the ReadINSpar_ RAM command
is shown in Table 5.96.

Please note that LoadINSpar_RAM and ReadINSpar_RAM commands operate with
parameter values stored in INS RAM only. To save the present configuration of INS
parameters from RAM to flash memory, use SavelNSpar_FLS command (see Table
5.98).
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Table 5.99 shows a full list of parameters, with description, that the user can
change.

5.3.13.1. LoadINSpar_ RAM Command

Table 5.93. The structure of LoadINSpar_ RAM command to load a new parameter value to RAM

ENiE 0 1 2 3 4,5 6 7 8 6 ( n + n+8, n+9

number
Header | Header |Message |Message |Message | Command | Parameter | Parameter
Parameter . o Checksum
0 1 type |identifier | length code code value
Lenath 1-byte | 1-byte | 1l-byte | 1l-byte | 2-byte 1-byte 1-byte n bytes 2-byte
9 uint8 uint8 uint8 uint8 uintl6 uint8 uint8 (variable) uintl6
Note OxAA 0x55 0x00 0x00 n+8 0xBO

Message length i the number of bytes in the message without header. It is equal to
the AParameter(s) valueo |l ength (n) + 8.

Parameter code 1 the code of the parameter that is changed (see Table 5.99).

Table 5.94. The INS answer on the LoadINSpar_RAM command

Byte number 0 1,2
Data list error
Parameter (see Table 5.95) Reserved
Length 1-byte 2-byte

Table 5.95. Codes of the data list error

Bit Value and description

0 171 wrong parameter code

01 no errors in parameter code
1 1171 incorrect data length

07 no errors in the payload

2 171 invalid value of parameter(s)
01 parameter(s) is valid
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5.3.13.2. ReadINSpar_RAM Command

Table 5.96. The structure of ReadINSpar RAM command to read parameter from RAM

Byte

0 1 2 3 4,5 6 7 8,9
number
Parameter | Header O | Header 1 Message I_Vless_a_ge Message | Command | Parameter | Checksu
type identifier length code code m
Lenath 1-byte 1-byte 1-byte 1-byte 2-byte 1-byte 1-byte 2-byte
g uints uints uints uints uint16 uints uints uint16
Note O0xAA 0x55 0x00 0x00 0x08 0x00 0xB1
Table 5.97. The INS answer on the ReadINSpar_RAM command
EPitE 0 1 2 3 4,5 6 76 ( n+ 6| nt7,n+8
number
Parameter Header | Header | Message l_\/Iess_a_ge Message | Parameter Parameter Checksum
0 1 type identifier length code value
Lenath 1-byte | 1l-byte 1-byte 1-byte 2-byte 1-byte n bytes 2-byte
g uint8 | uint8 | uints uints uint16 uints (variable) uint16
Note O0xAA 0x55 0x01 0xB1 n+7

5.3.13.3. SavelNSpar_FLS Command

Table 5.98. The structure of SavelNSpar_FLS command to save all parameters to flash memory

=hiie 0 1 2 3 4,5 6 7.8
number
Parameter Header O | Header 1 Message I_\/Iess_a_ge Message Command Checksum
type identifier length code
Lenath 1-byte 1-byte 1-byte 1-byte 2-byte 1-byte 2-byte
9 uint8 uint8 uint8 uint8 uintl6 uint8 uintl6
Note OxAA 0x55 0x00 0x00 0x07 0x00 0xB2 0xB9 0x00
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5.3.13.4. Example of parameter change

For example, the INS unit must be configured so that the COM2 port outputs raw
GNSS data with 10Hz frequency at baud rate 460800 bps, and this setting must be
saved to nonvolatile memory of the device. Two commands must be executed to
accomplish this: LoadINSpar_RAM (to put the configuration into RAM of the unit),
followed by SavelNSpar_FLS (to right the configuration from RAM to nonvolatile
memory).

The first command is LoadINSpar_ RAM i to output raw GNSS data with 10Hz
frequency at baud rate 460800 bps through COM2 port:

AA 55 00 00 0B 00_BO 14 01 05 02 D7 00

Part of LoadINSpar_ RAM command

Message length

code for LoadINSpar_RAM
Command

Parameter code

(first column in Table 5.99)
GNSS_COM2 _datRaw
GNSSo

GNSS COM2_ data_rate = 10 Hz

GNSS_COM2_bps = 460800 bps

Checksum

The second command is SavelNSpar_FLS (it has constant structure) i to save
all current configurations from RAM memory to nonvolatile memory:

AA 55 00 00 07 00 B2 B9 00

Note: These are hexadecimal numbers, not ASCII text symbols.
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5.3.13.5. List of User -Configurable Parameters

Table 5.99. Full list of parameters to control INS

Parameter Data o
Parameter name Description
code type
1. Device s options
1.1. INS
0x01 COM1 _bps uint8 Baud rate of the main INS COM1 port.
Baud rate Value
4800 bps 0x01
9600 bps 0x02
14400 bps 0x03
19200 bps 0x04
38400 bps 0x05
57600 bps 0x06
115200 bps 0x07
230400 bps 0x08
460800 bps 0x09
921600 bps 0x0A
Default value is set to 115200 bps.
0x02 Data_rate uintl6 | Output data rate in Hertz (Hz). Minimal value of the
parameter is 1; maximal value is 200.
Default value is set to 100.
Reserved uint8 Reserved, always set to 0x01.
0x03 Output_data_avrg uint8 The output of averaged or instant data at a data rate
less than 200 Hz (see Appendix D).
Type of data Value
Instant 0x00
Averaged 0x01
0x04 Init_align_time uintlé | The initial alignment time in seconds.
Default value is set to 0 seconds.
Init_align_block_type uint8 Specifies format of block of the initial alignment (see
Section 5.4).
Block of the initial alignment Value
Short block 0x00
Extended block 0x01
0x05 Location_date float Initial latitude of the INS operating location in deg.
float Initial longitude of the INS operating location in deg.
float Initial altitude of the INS operational location in m.
Note: The initial altitude value must comply with the
vertical datum defined by the Altitude_var parameter
(code 0x13).
uint8 Day
uint8 Month
uintl6 | Year
0x06 Mdec float Magnetic declination at the location at which the INS
operates in deg.
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Mdec_AUTO uint8 Calculating magnetic declination in the INS,
continuously using calculated current position and
time.

State Value
Disabled 0x00
Enabled 0x01

0x07* AutoStart uint8 Automatic start of the INS and data output after power
on without any command from the host computer (see
Section 5.10).
State Value
Disabled 0x00
Output data format OxXX
0xXX'i code of output data format (see Table 5.81)
0x08 AlAngles 3*float | Angles of INS mounting (in heading, pitch and roll) on
the carrier object, in deg. See Appendix A.
Default values are set to 0 degrees.
Note: When alignment angles are set, the original INS
axes are logically transformed into assumed carrier
object axes.
Sensors_output_axes uint8 Sensors output data in the INS or carrier object axes.
Type of axes Value
Object axes 0x00
INS axes 0x01
By default, sensors data are output in the carrier object
axes.
0x09 PV_meas_point 3*intl6 | Coordinates of measuring point for Position and
Velocity calculation. Set coordinates of the measuring
point relative to the accelerometer mass-center of the
INS unit (see Fig. 3.11 and Fig. 3.12) in the object
axes i right, forward, and up directions, in m*100.
Additionally, it is possible to output accelerations for
set measuring point through UDD format (see
AfAccel erometer data in PV
under ASensor sTaWebB3®.0 gr ou
Default values are set to 0 m.
O0x0A Antl_pos 3*intlé | Primary GNSS antenna mounting lever relative to the
INS unit, in m*100 (see Section 3.3).
Default values are set to 0 m.
0x0B Ant2_pos 3*intl6 | Secondary GNSS antenna mounting lever relative to
the INS unit, in m*100. This option is supported for
dual antenna INS (see Section 3.4).
Default values are set to 0 m.
0x0C Ant2_pos_ang| 2*intl6 | Alternative way to set the secondary antenna position
i as orientation of the baseline between two antennas
relative to the carrier object axes, in deg*100. This
option is supported for dual antenna INS (see Section
3.4).
Default values are set to O degrees.
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0x0D Save_last_pos uint8 The last calculated position may be written to the INS
flash memory after INS stop. Thus, the next operation
will be started from its saved point.

State Value
Disable saving 0x00
Enable saving 0x01

By default, saving last position is disabled.

0x10 Grid_ref_system uint8 Type of grid reference system (GRS).

Data set Value
Disabled 0x00
UTM 0x01
IGRS 0x02
User defined GRS 0x03

Notes:

1. If IGRS type is chosen, the following parameters
should be set: Latitude_of origin, Longitude_of_origin,
FE_LambertlSP, FN_Lambert1SP, and
SF_Lambertl1SP (see parameter code 0Ox11).

21 f AUser defined GR®® ty
settings should be set. See Section 5.20.1.

0x11 Latitude of origin intl6 Latitude of origin (standard parallel), in deg*100.
Longitude of origin intl6 Longitude of origin (central meridian), in deg*100.
FE LambertlSP int32 False Easting, in m*10.
FN LambertlSP int32 False Northing, in m*10.
SF LambertlSP int32 Scale Factor for Lambert 1SP, code*1e8.
0xDO Init_align_gyro_threshold uint8 The threshold in deg*100. It is used to check INS

immobility during the initial alignment procedure. If the
gyroscope indicates an orientation change greater
than the set threshold, the initial alignment procedure
is considered unsuccessful.

The default value is set to 0.2 degrees, which is
suitable for applications with some swaying, such as
UAYV applications under wind influence. For land-
based applications, this threshold can be decreased to
0.05 degrees for a more accurate estimation of INS
motionless during the initial alignment procedure.
0xD2 MisAngles 3*intl6 | Small angles offsets (U, b, and te) bet
assumed and true carrier object axes, in deg*100. See
more details in Appendix A.

The default values are set to 0 degrees.

1.2. GNSS receiver

0x13* Altitude_var uint8 Vertical datum for INS operation.
Reference Value
MSL 0x00
WGS84 0x01
For more details about altitude calculation, refer to
Section 5.6.
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Ox14* GNSS COM2_data_set uint8 GNSS receiver data for output through COM2 port.
Data set Value
Disabled 0x00
Raw GNSS 0x01
NMEA set 0x02
Min Raw GNSS 0x03
Extended GNSS data 0x05
Notes:

1. For the Septentrio GNSS receiver, Raw GNSS and
Min Raw GNSS contain the same logs.

2. Extended GNSS data is supported only for the INS
with the NovAtel GNSS receiver. Selecting this data
for output from the INS with u-blox or Septentrio GNSS
receivers will be ignored. Contact Inertial Labs
specifying device serial number to get the necessary

information.
GNSS_COM2_data_rate uint8 Frequency of COM2 port GNSS data output.
Frequency Value
Disabled 0x00
1Hz 0x01
2 Hz 0x02
4 Hz 0x03
5Hz 0x04
10 Hz 0x05
20 Hz 0x06

Note: If the GNSS_COM2_data_set parameter is set
to Extended GNSS data value, then only 1 Hz
frequency is available for choice.

GNSS_COM2_bps uint8 Baud rate of COM2 port for output GNSS data.

Baud rate Value
115200 bps 0x00
230400 bps 0x01
460800 bps 0x02

9600 bps 0x04

19200 bps 0x05

38400 bps 0x06

57600 bps 0x07
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0x15* NMEA_set_ COM2 uintlé | NMEA messages for output through COM2 port when
NMEA Set is chosen in GNSS COM2 data_set.
NMEA set Mask
GGA 0x0001
GSA 0x0002
RMC 0x0004
VTG 0x0008
ZDA 0x0010
HDT 0x0020
GSV 0x0040

By default, INS outputs GGA, VTG and ZDA
messages if GNSS_COM2_data_set value is set to
0x02.

Notes:

1. HDT messages are available only for dual-antenna
INS models. Be aware, this data is not supported for
the INS with u-blox GNSS receiver. Contact Inertial
Labs specifying device serial number to get the
necessary information.

2. If GSV messages are chosen for output, the
GSV_data_rate (code 0x23) parameter allows users to
set the required frequency.

NMEA_COM2_data_rate 5*uint8 | Frequency for each NMEA message in such order:
GGA, GSA, RMC, VTG, ZDA.

Frequency Value
1Hz 0x00
2 Hz 0x01
4 Hz 0x02
5Hz 0x03
10 Hz 0x04
20 Hz 0x05
Note: If no one NMEA message is selected, but
ANMEA seto is chosen in i

following NMEA messages are issued by default, with
the frequency stored in the flash, in such order: GGA,
VTG, ZDA.
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Ox16* GNSS COM3_data_set uint8 GNSS receiver data for output through COM3 port.
Type Value
Disabled 0x00
Raw GNSS 0x01
RMC 0x02
Min Raw GNSS 0x03
RTCMy3 Seenoe3 0x04
By default, it is disabled.
Notes:

1. If the GNSS_COM3_data_set parameter is set to a
nonzero value, then the COMS3 port cannot be used to
input the GNSS corrections. This limitation does not
apply to INS with NovAtel or Septentrio GNSS
receivers.

2. For the Septentrio GNSS receiver, Raw GNSS and
Min Raw GNSS contain the same logs.

3. The output of the RTCMv3 data is supported ONLY
for the INS with Septentrio GNSS receiver.

GNSS_COM3_data_rate uint8 Frequency of GNSS receiver data output through
COMS3 port.
Frequency Value
Disabled 0x00
1Hz 0x01
2 Hz 0x02
4 Hz 0x03
5 Hz 0x04
10 Hz 0x05
20 Hz 0x06
GNSS_COM3_bps uint8 Baud rate of COMS3 port for output GNSS data.
Baud rate Value
0x00,
115200 bps 0xX05
9600 bps 0x01
19200 bps 0x02
38400 bps 0x03
57600 bps 0x04
230400 bps 0x06
460800 bps 0x07
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Ox17* GNSS_corr_type uint8 Correction of GNSS receiver data to improve position
accuracy.
Type of correction Value
No Correction 0x00
Auto 0x01
SBAS 0x02
DGPS 0x03
PPP 0x04
Default wvalue is AAutoo.
Notes:
1. If the type of the GNSS_COMS3_data_rate is
ifDi sabl edo, then the foll
not available: fANo Correc

2. PPP correction (TerraStar or Oceanix) is not
supported by INS with u-blox or Septentrio GNSS
receivers. Contact Inertial Labs specifying the device
serial number to get the necessary information.

0x18* SBAScontrol uint8 Specifies type of SBAS correction.
SBAS correction Value
Disabled 0x00
Auto SBAS 0x01
Any SBAS 0x02
WAAS 0x03
EGNOS 0x04
MSAS 0x05
GAGAN 0x06
QZSS 0x07
Default value is AAuto SB
0x19* GNSS_corr_format uint8 Specifies format of differential correction (DGPS) data.
Type of format Value
Auto 0x00
RTCMv2 0x01
RTCMv3 0x02
Default value is fAAutoo.

Note: If the GNSS_COMS3_data_set parameter is set
to a nonzero value, then the COM3 port cannot be
used to input the GNSS corrections. This limitation
does not apply to INS with NovAtel or Septentrio
GNSS receivers.
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Ox1A* COM2_COM3_port_type uint8 Only for internal GNSS receiver:
INS port type to output data from internal GNSS
receiver
Or INS port number Port type Mask
COM2 01 COM 0x01
COM3 17 Ethernet 0x02
The default value for COM2 and COM3 Is COM port
type.
Ext_GNSS_INS_port_type Only for external GNSS receiver:
INS port type to input data from external GNSS
receiver
Port type Value
COM 0x00
Ethernet 0x01
The default value is COM port type.
0x1B* PPP_Type uint8 Specifies type of the PPP correction.
PPP correction Value
Disabled 0x00
TerraStar auto 0x01
TerraStar-L 0x02
TerraStar-C 0x03
TerraStar-C-PRO 0x04
TerraStar-X 0x05
Oceanix 0x06
0x1C* Enable_PDPFILTER uint8 Allows enabling of the Pseudorange/Delta-Phase
(PDP) filter in the NovAtel receiver to smooth a jumpy
GNSS position and to bridge outages in satellite
coverage.
State Value
Disable PDP filter 0x00
Enable PDP filter 0x01
By default, PDP filter is disabled.
0x1D Constellations uint8 GNSS constellations that are used by the INS during
operation.
Constellation State Mask
GPS 0x01
GLONASS 0x02
GALILEO 01 ON 0x04
BEIDOU 17 OFF 0x08
QZSS 0x10
NAVIC 0x20
Note: The NAVIC constellation is not supported for the
INS with a u-blox GNSS receiver. Contact Inertial Labs
specifying device serial number to get the necessary
information.
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Ox1E Dyn_model_ublox uint8 The type of dynamics for the u-blox GNSS receiver.
Motion Value
Portable 0x00
Reserved 0x01
Stationary 0x02
Pedestrian 0x03
Automotive 0x04
Sea 0x05
Airborne with <1g acceleration 0x06
Airborne with <2g acceleration 0x07
Airborne with <4g acceleration 0x08
Wrist-worn watch 0x09
Motorbike 0x10
Robotic lawn mower 0x11
E-scooter 0x12
Ox1F Dyn_model_NovAtel uint8 The type of dynamics for the NovAtel GNSS receiver.
Motion Value
Auto 0x00
Air 0x01
Land 0x02
Foot 0x03
0x20 Dyn_model_Septentrio uint8 The type of dynamics for the Septentrio GNSS
receiver.
Motion Value
Automotive 0x00
Static 0x01
Quasistatic 0x02
Pedestrian 0x03
RaceCar 0x04
HeavyMachinery 0x05
UAV 0x06
Unlimited 0x07
Level Septentrio uint8 The balance between noise and dynamics in the
GNSS measurements and the position, velocity and
time solution.
Level Value
Moderate 0x00
Max 0x01
High 0x02
Low 0x03
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0x21 Receiver_init uint8 This parameter allows to set initialization type of the
internal GNSS receiver.
Initialization Value
Ordinary (default) 0x00
Background 0x01

During background initialization, the INS doesn't wait
for the internal GNSS receiver to be ready but starts
earlier. Once the GNSS receiver is initialized, the INS
automatically utilizes its navigation data.

0x22 Septentrio_OSNMA uint8 This parameter enables the use of the OSNMA anti-
spoofing service.
State Value
Disabled (default) 0x00
Enabled 0x01

OSNMA is a feature within the Galileo GNSS
constellation. It is designed to provide secure
navigation message transmission from Galileo
satellites to OSNMA-enabled GNSS receivers.
Note: This option is available only for the Septentrio
GNSS receivers.

0x23 GSV_data_rate uint8 Frequency for GSV NMEA message.
Frequency Value
1Hz 0x00
2Hz 0x01
4 Hz 0x02
5 Hz 0x03
10 Hz 0x04
20 Hz 0x05
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0x24 NMEA_talker uint8 This parameter is used to set the NMEA talker ID. The
talker is the first 2 characters after the $ sign in the log
header of the NMEA logs.

Talker Value
Default 0x00
GP 0x01

GL 0x02

GN 0x03

GA 0x04

GB 0x05

GQ 0x06
AUtO (see note 4) 0X14

Notes:

1. If the device is equipped with NovAtel GNSS
receiver, it only supports Default, GP, and Auto
talkers.

2. If the device is equipped with u-blox GNSS receiver,
all talkers are available.

3. If the device is equipped with Septentrio GNSS
receiver, the supported talkers are: Default, GP, GN,
and Auto.

4. Automatic talker ID selection means that the
receiver will automatically choose the appropriate
talker ID based on the GNSS constellation being used.
1.3. Air data

0x26 Baro_altimeter uint8 This parameter defines how the onboard pressure
sensor (barometer) is used for INS altitude correction.
For details on each correction method, refer to Section

5.6.
Method Value
Disabled (default) 0x00
Primary altitude sensor 0x01
Secondary altitude sensor 0x02
STD _h_bar uint8 Standard deviation of the pressure sensor noise, in
m*100.
0x27 Diff press bandwidth uint8 Bandwidth of filter for differential pressure sensor data.
0x28 Tf bar uint8 Time constant of differential filter for pressure altitude

correctness estimation, in seconds.

Default value is 100 s.

Press_alt_correct_threshold uint8 Threshold for change of difference between pressure
altitude and INS altitude, for pressure altitude
correctness estimation, in m/s*100.

Default value is 0.15 m/s.

0x90 T_air_offset int16 Offset for outside air temperature (OAT) estimation
using INS internal temperature (T_INS), in C*10.
OAT =T INS + T air_offset

0x91 Air_speed_source uint8 Airspeed_source VG
External aiding data 0x00
Diff. pressure sensor 0x01
Def aul t BExterdalaeingidatao i
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V_air_cut uint8 Speed threshold, in m/s*10.

Default value is 5 m/s.

Note: It corrects V_air_cut value if it is set to less than
minimum accepted value calculated based on
differential pressure sensor range.

0x92 T VAIR_LP uint8 Time constant of LP filter for airspeed correctness
estimation, in seconds.

Default value is 10 s.
Air_speed_correct_threshold uint8 Threshold for filtered difference between true and
evaluated airspeeds for airspeed correctness
estimation, in m/s.

Default value is 10 m/s.

0x93 Press_sensor_bias int16 Pressure sensor bias value subtracted from pressure
sensor data, in Pa (see Section 5.6).
0x95 Pressure_sensors uint8 This parameter sets the source of pressure for INS
operation.
State Value
Internal (default) 0x00
External ADC 0x01
0x96 Diff_press_sensor_bias uintl6 | Differential pressure sensor bias, in mbar*1000.

Optionally, the INS can estimate differential pressure
sensor bias automatically when the Extended_cmd
command with code 0x01 is sent to the device during
operation. See Section 5.3.14 for more detalils.

0x97 T bs uint8 The time constant of the LP filter for baro altitude
correction using GNSS altitude, in seconds.

The default value is 0 seconds.

Important: A zero value means the baro altitude
correction using the GNSS altitude is disabled. To
enable it, the time constant must be set to a non-zero
value. The recommended value is 100 seconds.
Alt_cut_bs uintlé | The threshold for altitudes difference at baro altitude
correction using GNSS altitude, in m.

The recommended value is 200 m.

Vv_cut_bs uint8 The threshold for velocities difference at baro altitude
correction using GNSS altitude, in 0.1 m/s.

The recommended value is 0.6 m/s.

0x98 Max_wind_speed uint8 The wind supervisor threshold, in m/s.

0x3C Air_speed_SF_error uintl6 | Initial scale factor (SF) error for measured airspeed
data, relative value*1000. The default value is set to 0.

Note: During INS operation, the internal Kalman filter
can continuously estimate the scale factor error to
increase air data accuracy. To enable this option, the
initial value for Air_speed_SF_error must be set to 0.
Ox3E V_air4wind_cut uint8 Lower threshold for wind estimation (m/s) *10.

1.4. External sensors
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0x29* Odometer_type uint8 Odometer type (see Sections 5.7.1, 5.7.2).
Odometer type Value
Disabled 0x00
OBDII odometer 0x01
Encoder-based odometer 0x02
CAN-based odometer 0x03
O0x2A Pulse_length float Pulse length of encoder i distance between low to
high transitions of the encoder signal, in m.
Wheel_circ uintl6 | Wheel circumference where encoder is installed, in
m*1000.
Ticks_per_rev uintlé |[Number of ticks per -based ol
odometero).
ZUPT _threshold uint8 Velocity threshold for stop detection at operation with
encoder, in m/s*100.
0x2B Ext_data_offset 3*intl6 | The lever arm measured from the INS accelerometer

mass-center to external data source in the vehicle co-
ordinate frame (the right, forward, and vertical
directions), in m*100.

Note: If multiple data sources requiring defined
positions are used, the same configured offsets
will be applied to all of them, even if located in
different positions. This limitation should be
considered in the final system design. Contact
the Inertial Labs support team for assistance with
INS integration.

0x2D STD_pos_h_ext uintl6 | Noise STD of external horizontal position aiding data,
in m*100.
Ox2E STD_pos_v_ext uintl6 | Noise STD of external vertical position aiding data, in
m*100.
Ox2F STD Vh_ext uint8 Noise STD of external horizontal speed data, in
m/s*100.
0x30 STD Vv ext uintl6 Noise STD of external vertical speed data, in m/s*100.
0x31 k_Sigma V_ext uint8 Thresholds of Kalman filter velocity residuals.
0x32 k_Sigma_coord_ext uintlé | Thresholds of Kalman filter coordinate residuals.
0x33* Ext MC uint8 Allow the external Stand-Alone Magnetic Compass
(see Section 6.2).
SAMC type Value
Disabled 0x00
OS3D-FG 0x01
miniAHRS 0x02
AHRS-10 0x03

Note: INS should be factory configured to use the
external SAMC to measure components of the Earth
magnetic field.

0x34 DVL_reference_frame uint8 Specifies the coordinate frame in which DVL data are
defined.
Type of coordinate frame Value
Object 0x00
East, North, Up 0x01

By default, velocity is in object coordinate frame.
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0x35 Ext_ GNSS_protocol uint8 External GNSS receivero6s
Section 6.1.1).
Receiver data Value
Disabled 0x00
NMEA 0x01
NovAtel bin 0x02
Septentrio bin 0x03
u-blox bin 0x04
The Default value is Disabled.
Ext GNSS_COM_bps uint8 Baud rate of the external GNSS receiver.
Baud rate Value
4800 bps 0x01
9600 bps 0x02
14400 bps 0x03
19200 bps 0x04
38400 bps 0x05
57600 bps 0x06
115200 bps 0x07 or 0x00
230400 bps 0x08
460800 bps 0x09
921600 bps O0x0A
The Default value is set to 115200 bps.
Ext GNSS data rate uint8 Rate of the external GNSS data update, in Hz.
0x36 STD _k_ext uintlé | Noise STD of external heading data, in deg*100.
0x38 ExtSensor_AIlAngles 3*float | Angles of INS mounting relative to the external sensor

(SAMC or external IMU), in deg. The first angle is like
Heading, the second is like Pitch, and then like Roll
(same alignment angles as described in Appendix A).
Default values are set to 0 degrees.

0x39 R w uint8 STD of measurement noise for aiding data, in
m/s*100.
Default value is 0.3 m/s.
0x3A k_Sigma R w uintl6 | Residual threshold of Kalman filter for wind estimation.
0x3B External_IMU_type uint8 Type of external IMU.
Type Value
Disabled 0x00
IMU-FI-200 400Hz 0x01
IMU-FI-200 600Hz 0x02

Note: If the INS is configured to use the external IMU,
the INS COM4 port is reserved for this purpose. Any
other COM4 usage is unavailable.

0x3D Q. w float STD of measurement excitation noise for external
aiding data when GNSS data is available, in m/s.
Ox3F Encoder_pins uint8 Defines the line that is used for an encoder

connection. The available connection options are listed
in Section 5.7.2.1.

Connection type Value
Expansion board (default) 0x01
COM4 0x02
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0x40 Q w ext uintlé | STD of measurement excitation noise for external
aiding data when GNSS data is absent, in m/s2. The
default value is set to 0.02 m/s?.
KF_restart_delay_ext uint8 The maximum acceptable duration of measurement
cutoff or increased noise in KF when using external
data, in seconds.
1.5. CAN/COM4
0x42* Use_CAN1_out uint8 Type of CAN output messages through CAN1 port
(see Section 5.2.19).
Type Value
Disabled 0x00
CAN 2.0A 0x01
CAN 2.0B 0x02
By default, it is disabled.
CANL1 bps uint8 CANL1 port baud rate (both for input and output
messages). Its value can also be set by command for
arameter 0x46 ACAN bpso
Baud rate Value
10k 0x00
20k 0x01
50k 0x02
100k 0x03
125k 0x04
250k 0x05
500k 0x06
1M 0x07
CAN1_dev_ID uint8 CAN device identifier 1 part of the CAN message
identifier (see Section 5.2.19). In case of CAN2.0A
messages, the device identifier has a maximum value
of Ox7F.
CAN1_Priority EDP_DP uint8 Composed part of CAN2.0B message identifier (see
Section 5.2.19) that includes Priority (3 bits), Extended
Data Page (1 bit), and Data Page (1 bit).
Parameter can be changed in range 0x00 to Ox1F.
CAN1_PDU_Format uint8 Part of CAN2.0B message identifier (see Section
5.2.19). It can be changed in range 0x00 to OXFF.
0x43* CANL1 _regular_msg uint8 Enables to choose a regular set of CAN messages for
an I'NS unit that contaiiis
ORA) | Table®4®. i n
State Value
Enabled 0x00
Disabled 0x01
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0x44* COM4_data_var uint8 COM4 port use cases.
Variant Value
Disabled 0x00
OBDII odometer 0x01
RMC output 0x02
IMU TGA output 0x03
HEHDT output 0x04
COM1 duplicated data 0x05
NMEA input 006
(GGA, VTG, HDT, RMC, MWV)
GGA output Ox0A
GGA and HDT output 0x0B
Ground speed input 0x0D
INS NMEA set output OxOE
Orientation output on event 0x10
External GNSS receiver data output 0x11
INS data format Seenote 1 0x12
Aiding data input 0x13
Event IMU and Navigation data output 0x14
External differential pressure input See noe 2 0x15
Notes:
1. I f the Al NS data for ma
command code of the desired data format has to be
set by the COM4_format parameter (code 0x4D). In
this configuration, the COM4 port still retains the ability
to receive aiding data.
2. Once the COM4 port is configured for "External
differential pressure input", the INS is prepared to
receive RawAirData messages via serial CAN
(UAVCAN/DroneCAN). This option is mostly designed
for INS integration with ArduPilot. For additional details
on RawAirData messages, please refer to this
resource. More information on serial CAN protocol can
be found here.

Inertial Labs, a VIAVI Solutions Company 169
www.inertiallabs.com



https://inertiallabs.com/
https://dronecan.github.io/Specification/7._List_of_standard_data_types/#rawairdata
https://legacy.uavcan.org/Specification/4._CAN_bus_transport_layer/

{/InertialLabs S

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

COM4_data_rate uint8 Frequency of input/output through COM4 port.

Frequency Value
1Hz 0x00

2 Hz 0x01

4 Hz 0x02

5 Hz 0x03

10 Hz 0x04
20 Hz 0x05
50 Hz 0x06
Maximum 0x07
8 Hz 0x08

25 Hz 0x09
40 Hz 0x0A
100 Hz 0x0B
200 Hz 0x0C

Note: The fAMaxi mumo value of
only for Al MU TGA output o

COM4_bps uint8 COM4 port baud rate.
Baud rate Value
4800 bps 0x01
9600 bps 0x02
14400 bps 0x03
19200 bps 0x04
38400 bps 0x05
57600 bps 0x06
115200 bps 0x07
230400 bps 0x08
460800 bps 0x09
921600 bps 0x0A
2000000 bps 0x0B

Note: For il MU TGAO dat a, t h
the maximum output packet frequency:

A460800 or 921600 bps i 1000 Hz output data rate
A2000000 bps i 2000 Hz output data rate

0x46* CANL1 bps uint8 CAN baud rate (for both input and output messages).
Its value can also be set by command for parameter
group Ox42 change, ACAN_D

Baud rate Value
10k 0x00

20k 0x01

50k 0x02

100k 0x03

125k 0x04

250k 0x05

500k 0x06

M 0x07
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Ox47* CAN_Inp_Sigl_MessType uint8 CAN BUS velocity data. Type of CAN signal 1.

Type Value

Disabled 0x00
CAN 2.0A 0x01
CAN 2.0B 0x02
CAN_Inp_Sigl_MesID uint32 | CAN message identifier. This number is a positive
integer from 0x0 to Ox7FF for a CAN 2.0A identifier
and from 0x0 to Ox1FFFFFFF for a CAN 2.0B
identifier.
CAN_Inp_Sigl_DataType uint8 Signal 1 data type in CAN message.
Type Value
None 0x00
Velocity 0x01
CAN_Inp_Sigl_Startbit uint8 The start bit is the least significant bit of signal 1
counted from the start of the message data. The start
bit is an integer from 0 to 63.
CAN_Inp_Sigl Length uint8 The number of bits the signal 1 occupies in the
message. The length is an integer from 1 to 64.
CAN_Inp_Sigl ByteOrder uint8 Message byte order.

Type Value
little-endian 0x00
big-endian 0x01

CAN_Inp_Sigl ValueType uint8 Signal 1 value data type.
Type Value
Unsigned 0x00
Signed 0x01
CAN_Inp_Sigl_Factor float The factor and offset define the linear conversion rule
CAN_Inp_Sigl Offset float to convert the signal raw
physical value (in km/h) and vice versa:
physical_value = raw_value * factor + offset
0x48* CAN_Inp_Sig2_MessType uint8 CAN BUS velocity decimal data. Type of CAN signal 2.
Type Value
Disabled 0x00
CAN 2.0A 0x01
CAN 2.0B 0x02
CAN_Inp_Sig2_ MesID uint32 | CAN message identifier. This number is a positive
integer from Ox0 to Ox7FF for a CAN 2.0A identifier
and from 0x0 to Ox1FFFFFFF for a CAN 2.0B
identifier.
CAN_Inp_Sig2_DataType uint8 Signal 2 data type in CAN message.
Type Value
None 0x00
Velocity decimal 0x01
CAN_Inp_Sig2_Startbit uint8 The start bit is the least significant bit of signal 2
counted from the start of the message data. The start
bit is an integer from 0O to 63.
CAN_Inp_Sig2_Length uint8 The number of bits the signal 2 occupies in the
message. The length is an integer from 1 to 64.
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CAN_Inp_Sig2_ByteOrder uint8 Message byte order.

Type Value
little-endian 0x00
big-endian 0x01

CAN_Inp_Sig2_ ValueType uint8 Signal 2 value data type.
Type Value
Unsigned 0x00
Signed 0x01
CAN_Inp_Sig2 Factor float The factor and offset define the linear conversion rule
CAN_Inp_Sig2_Offset float to convert the signal raw
physical value (in km/h) and vice versa:
physical value = raw_value * factor + offset
0x49* CAN_Inp_Sig3_MessType uint8 CAN BUS transmission actual gear data. Type of CAN
signal 3.
Type Value
Disabled 0x00
CAN 2.0A 0x01
CAN 2.0B 0x02
CAN_Inp_Sig3_MesID uint32 | CAN message identifier. This number is a positive
integer from 0x0 to OX7FF for CAN 2.0A identifier and
from Ox0 to Ox1FFFFFFF for CAN 2.0B identifier.
CAN_Inp_Sig3_DataType uint8 Signal 3 data type in CAN message.
Type Value
None 0x00
Transmission actual gear 0x01
CAN_Inp_Sig3_Startbit uint8 The start bit is the least significant bit of signal 3
counted from the start of the message data. The start
bit is an integer from O to 63.
CAN_Inp_Sig3 Length uint8 The number of bits the signal 3 occupies in the
message. The length is an integer from 1 to 64.
CAN_Inp_Sig3_ ByteOrder uint8 Message Byte Order.

Type Value
little-endian 0x00
big-endian 0x01

CAN_Inp_Sig3_ValueType uint8 Signal 3 value data type.
Type Value
Unsigned 0x00
Signed 0x01
CAN_Inp_Sig3_ReverseGear uint8 Value of the signal that corresponds to the reverse
gear (reverse vehicle motion).
Ox4A* Use CANZ2_out uint8 Type of CAN output messages through the CAN2 port
(see Section 5.2.19).
Type Value
Disabled 0x00
CAN 2.0A 0x01
CAN 2.0B 0x02
By default, it is disabled.
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CAN2_bps uint8 CAN2 port baud rate for output messages.

Baud rate Value

10k 0x00

20k 0x01

50k 0x02

100k 0x03

125k 0x04

250k 0x05

500k 0x06

1M 0x07

CAN2_dev_ID uint8 CAN device identifier 1 part of the CAN message

identifier (see Section 5.2.19). For CAN 2.0A
messages, the device identifier has a maximum value
of OX7F.

CANZ2_Priority EDP_DP uint8 Composed part of CAN 2.0B message identifier (see
Section 5.2.19) that includes Priority (3 bits), Extended
Data Page (1 bit) and Data Page (1 bit).

Parameter can be changed in range 0x00 to Ox1F.
CAN2_PDU_Format uint8 Part of CAN2.0B message identifier (see Section
5.2.19). It can be changed in range 0x00 to OxFF.

0x4B* CANZ2_regular_msg uint8 Regular set of CAN output messages through CAN2
ort (see Section 5.2.19)
State Value
Disabled 0x00
Enabled 0x01

0x4D COM4_format uint8 Command code of the desired data format to be
transmitted through the |
formatdo is chosen with th
(code 0x44).

All command codes and appropriate data formats are
listed in Table 5.81.

Ox4E COM4 _interface uint8 Defines the COM4 port operational interface.
Interface Value

RS-232 (default) 0x00

RS-422/ARINC/IRIDIUM 0x01

1.6. Triggers
0x50* MARK_switch uint8 Using of mark input signal to trigger specific GNSS
raw receiver data (see Section 4.5).

State Value

Disabled 0x00

Enabled 0x01

By default, it is disabled.

Note: Mark input is not supported for the INS unit
equipped by the u-blox GNSS receiver with firmware
version under 1.32. Contact Inertial Labs specifying
device serial number to get the necessary information.

Inertial Labs, a VIAVI Solutions Company 173
www.inertiallabs.com



https://inertiallabs.com/

{/InertialLabs S

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

MARK_polarity uint8 Specifies mark signal polarity.
Polarity Value
Negative 0x00
Positive 0x01

By default, it has negative polarity.

Note: This parameter cannot be changed for the INS
unit equipped by the u-blox GNSS receiver.

MARK _timebias uintlé | An offset, in hanoseconds, to be applied to the time
the mark input pulse occurs.

Default value is zero offset.

Note: This parameter cannot be changed for the INS
unit equipped by the u-blox or Septentrio GNSS
receivers.

MARK _timeguard uintlé | Atime period, in milliseconds, during which
subsequent pulses after an initial pulse are ignored.
Default value is 4 milliseconds.

Notes:

1. Minimum value is 2 milliseconds.

2. This parameter cannot be changed for the INS unit
equipped by the u-blox GNSS receiver.

0x52* PPS_switch uint8 Allow the pulse-per-second (PPS) signal generated by
the GNSS receiver for data synchronization with other
devices (see Section 4.4).

State Value

Enabled output 0x00

Disabled 0x01

Enabled input 0x02

By default, PPS is enabled output.
PPS_polarity uint8 Specifies the polarity of the PPS pulse.

Polarity Value

Negative 0x00

Positive 0x01

By default, it is negative.
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PPS_period uint8 Sets period of the PPS signal in seconds.

Period Value
0.05 0x01
0.1 0x02
0.2 0x03
0.25 0x04
0.5 0x05
1 0x06
2 0x07
3 0x08
4 0x09
5 0x0A
6 0x0B
7 0x0C
8 0x0D
9 Ox0E
10 OxOF
11 0x10
12 0x11
13 0x12
14 0x13
15 0x14
16 0x15
17 0x16
18 0x17
19 0x18
20 0x19

By default, the period is 1 second.

Note: The 0.05 and 0.25 period values are not
supported for INS with a u-blox GNSS receiver.
Contact Inertial Labs specifying device serial number
to get the necessary information.

PPS_pulse_width uint32 | Pulse width of the PPS signal in microseconds.
By default, it is 1000 microseconds.
0x53 Idle_1sec_out uint8 This parameter enables or disables output of the
special 1 Hz message at INS idle mode (see Section
5.1).
State Value
Disabled 0x00
Enabled 0x01
The default setting is disabled.
0x54 EVENT_polarity uint8 The polarity of the external event pulse to get the
orientation data (see Section 5.2.26).
Polarity Value
Negative 0x00
Positive 0x01
By default, it is negative.
2. Correction options
2.1. Settings
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0x57 time_INS_max uintl6 | The maximum duration, in seconds, during which the
INS can operate autonomously without GNSS or
external aiding data. Once the specified time limit is
reached, the INS suspends position and velocity
calculations but continues to compute orientation
(heading, pitch, and roll) using the Attitude and
Heading Reference System (AHRS) algorithm.

The default value is set to 3600 seconds.

Note: If the time_INS_max value is set to OxFFFF
(maximum value), then the INS removes the limitation
on autonomous operating time.

0x58 H_corr_type uint8 Data used for INS heading correction.
Data type Value
Magnetometers 0x00
Dual GNSS 0x03
Inertial 0x05
0x59 Use_mags uint8 Enables or disables use of magnetometers for INS
heading correction.
State Value
Disabled 0x00
Enabled 0x01
Ox5A Vh_cut uint8 The threshold for horizontal speed of carrier object, in

m/s*10. This value is applicable only for the Inertial
heading correction.

Default value is 1.2 m/s.

0x5B ZUPT uint8 Al'l ows use of fnZero Vel oc
reduce INS accumulated errors when stop of the
carrier object is detected (see Section 5.7.6).

State Value
Disabled 0x00
Enabled 0x01
Default setting is disabled.
Vh_zupt uint8 Minimum horizontal speed of carrier object below

which stop of the carrier object is detected, in m/s*100.
Default value is 0.15 m/s.

Vv_zupt uint8 Minimum vertical speed of carrier object below which
stop of the carrier object is detected, in m/s*100.
Default value is 0.15 m/s.

T _zupt uint8 Time constant of low-pass filter for horizontal and
vertical speed used for detection of the carrier object
stop, in s*100.

Default value is 0.10 s.

0x5C Tunnel_guide uint8 Enables fiTunnel gui deo fe
car during long-time GNSS outage (see Section 5.7.6).

State Value

Disabled 0x00

Enabled 0x01

Default setting is disabled.
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0x5D time_stamp uint8 Type of timestamp (see Section 5.19).
Type Value
Round timestamps 0x00
Accurate timestamps 0x01
Default set timestgnps 8. A" Round
Ox5E Catapult_start uint8 Allow the special INS algorithm for the UAV with
catapult launching.
State Value
Disabled 0x00
Enabled 0x01
Default setting is disabled.
A_catapult_cut uint8 The threshold of expected acceleration, in g*10, at

catapult launching. The INS uses specific correction
from GNSS data when acceleration exceeds this
threshold. The threshold value should not be less than

29.
Ox5F Dynamic_model uint8 This parameter allows users to specify the dynamic
model for the object with the installed INS.
Dynamic model Value
Default 0x00
Helicopter 0x04
Notes:
1. I f the dynamic model

[
corrections are set to dl
parameter), only the first start of the INS heading on
GNSS track angle is allowed, and repeated restarts

are prohibited.

2. I f the dynamic model [
corrections are set to AD
parameter), any INS start on the GNSS track angle is
prohibited.

0x60 STD_Vh_zupt uintl6 | Noise standard deviation of horizontal virtual velocity
measurements used in ZUPT mode, in m/s*1000.
Default value is 0.1 m/s.

STD_Vv_zupt uintl6 | Noise standard deviation of vertical virtual velocity
measurements used in ZUPT mode, in m/s*1000.
Default value is 0.1 m/s.

0x62 Gyro_1 zupt float Thresholds for filtered gyros signal, used to detect stop
of a carrier object, in deg/s.

Gyro_2_zupt float | pefault value for each is 0.05 degs.

Tgyr_1_ zupt float Time constants of filters for gyros, used to detect stops
of a carrier object, in seconds.

Tgyr_2_zupt float Default value for Tgyr_1_zupt is 0.16 s; for
Tgyr 2 zuptitis 0.2 s.

0x63 Accel_zupt float Thresholds for filtered accelerometers signal, used to

detect stop of a carrier object, in m/s2.
Default value is 0.15 m/s2.

Tacc_1 zupt float Time constant of filters for accelerometers, used to
detect stops of a carrier object, in seconds.

Tacc_2_zupt float Default value for Tacc_1_zuptis 2.0 s; for
Tacc 2 zuptitis 0.4 s.
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0x64 Gyro_3_zupt float Threshold for filtered gyros signal, which allows INS to
keep the fistop0 mode at ¢
oscillations, in deg/s.

Default value is 0.05 deg/s.

Freeze PV uint8 Switch to freeze INS position and to zero INS velocity
output at detected stop (ZUPT mode).
State Value
Disabled 0x00
Enabled 0x01
Default setting is disabled.
0x65 Freeze_orientation uint8 Allows freezing of the INS orientation when immobility
is detected (ZUPT mode).
State Value
Disabled 0x00
Enabled 0x01
Default setting is disabled.
0x66 GyroF_Bandwidth uintlé |[The bandwi dth of addition
and accelerometer) data, in Hz*100. Such AG
filteredo or Al MU data fi
AUser Defined Dralle®.80).Vaue tha
means no additional filte

data. Since firmware version 3.5.2.1 value OxFFFF
causes the output of sens
Default value is O Hz.

0x71 low_dynamics Gyro cutl float Thresholds for filtered gyros signal, used to
low_dynamics_Gyro_cut2 float detect low dynamics, in deg/s.
Default values are 2.0 deg/s and 0.3 deg/s.
low_dynamics_A_cut float Threshold for filtered accelerometers signal used

to detect low dynamics, in m/s?2.
Default value is 0.15 m/s?.

0x73* GNSS_INS_Integration uint8 GNSSJ/INS integration algorithm (see Section 2.7).
Algorithm Value
Loosely Coupled 0x00
Tightly Coupled 0x01
Default val ue i s ALoosely Co

Note: Special firmware is needed to use the Tightly
Coupled algorithm.

0xAO0 KF_restart_delay uint8 | Delay of INS Kalman Filter restart at available GNSS
data, in s*10, when KF measurement residual exceeds
the set threshold. It allows adjusting INS robustness at
multipath and other GNSS data corruption.

Default value is 2 seconds.

OxAl HDOP_threshold uintl6 | Threshold, in m*10, of switching off GNSS data when
high horizontal dilution of precision (HDOP) reported
by GNSS receiver exceeds the set threshold. It allows
to mitigate effect of GNSS data multipath on INS

operation.
Default value is 1000 i.e., such threshold is not used
in operation.
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OxA4 KF_restart_smooth uint8 Enables smooth INS position restart in Kalman
Filter after restoring GNSS data. Its nonzero
value sets approximate time of INS position
smoothing, in seconds*10 . If this parameter is
set to zero then INS position restarts
immediately.

Default value is O seconds.

KF_restart_smooth = 50 (5 seconds) is recommended
value for smoothed restart.

O0xA5 STD_Vh _tg uintl6 | Noise STD of horizontal speed data for the
Tunnel guide feature, in m/s*1000.

Default value is 1.5 m/s.

STD_Vv_tg uintl6 | Noise STD of vertical speed data for the Tunnel
guide feature, in m/s*1000.

Default value is 0.3 m/s.

OxA6 ro_tg 3*intl6 | The lever arm measured from the INS unit to the
center of vehicle rotation for the Tunnel guide
feature in the vehicle coordinate frame (right,
forward, and vertical directions). In m*100 format.
Usually, this is the center of the vehicle®& rear
axle relative to the INS unit.

O0xA8 Align_Dual GNSS_Heading | uint8 | Enables to align the INS heading to the dual
antenna baseline instead of the INS longitudinal

axis.
Direction Value
INS longitudinal axis (default) 0x00
Dual antenna baseline 0x01
Notes:

1. At the ideal installation of INS and antennas
and accurate setting of alignment angles, both
these directions are the same and parallel to the

objectds | ongitudinal a x
orientation and dual antenna baseline have a
sl ight misalignment to t

axis. So, a user can choose the direction he
trusts more i INS axes direction or the baseline
of two antennas.

2. The parameter does not affect the INS heading
if the Inertial type of correction is set (see
H_corr_type parameter, code 0x58), or the
system does not have valid GNSS heading.
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O0xA9 ArduPilot_data uint8 | This parameter allows users to enable the artificial
substitution of some data within UDD packages when
the INS is supposed to be integrated with ArduPilot.

Substitution Value
Disabled (default) 0x00
Enabled 0x01

When data substitution is enabled and GNSS data is
insufficient, the following settings are artificially set
within the UDD:

A Number of §laeteéslthe possibikity of
setting O satellites instead of 77 until the first valid
GNSS receiver data. See the Wait_for_cold_start
(code OxXAC) parameter)

A HDOP = 0.9

A VDOP = 0.9

A PDOP = 1.2728

A TimeStatus = 180

A sol _stat = 0

A pos type = 16

A GPSfix = 2 (3D fix).

These parameters are set within the following UDD
data packets:

A  GNSS info short (id 0x3
A Full satellites info (i
A  GNSS Solution status (i
A GNSS Position or Veloci
A Number of satellites wus
A Dilution of precision (
A GNSS extended info (id

OxAA ZARUPT unt8 |Thi s parameter all ows the
updatedo (ZARUPT) option t
accuracy when it detects the carrier object's angular
immobility. See Section 5.7.6 for more information.

State Value
Disabled 0x00
Enabled 0x01
The default setting is disabled.
ZARUPT_STDw float Noise STD of virtual angular rate measurements used
in ZARUPT mode, in deg/s.
The default value is 0.02 deg/s.

OxAB Teta_max uintl6 | Deviation from £90 deg pitch, after which special
calculations for heading and roll are applied to avoid
their ambiguity, in deg*1000.

The default value is 1 deg.
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OxAC Wait_for_cold_start

uint8

Special operation algorithm:

Algorithm Value

Default algorithm 0x00

Set 0 satellites instead of 77 until the

first valid GNSS receiver data* 0x40

* This algorithm affects INS operation when the
ArduPilot_data (code 0xA9) parameter is enabled.

OxXAD block_all_starts_on_GNSS_track

uint8

INS heading restarts on GNSS track angle:

State Value

Enabled 0x00

Disabled 0x01

OxAE spoof_hor_cut

uintl6

The threshold for spoofing detection in horizontal
position.

spoof_ver_cut

uintl6

The threshold for spoofing detection in vertical
position.

spoof Vh_cut

uint8

The threshold for spoofing detection in horizontal
velocity.

OxXAF Restart_ at GNSS on_cmd

uint8

The immediate INS restart on GNSS data after
receiving the GNSS_switch_on command (code 0x71).

State Value

Disabled 0x00

Enabled 0x01

OxEO spoof_H_cut

uint8

The threshold for spoofing detection in the difference
between INS track angle and GNSS track over ground.

OxE1l spoof Vv _cut

uint8

Threshold for spoofing detection in vertical velocity.

dVv_smoothing

uint8

LP filter parameter for smoothing of vertical velocity
difference at spoofing detection.

OxE2 spoof_detect_options

uint8

The parameter defines spoofing detection options.

Bit Description

Spoofing detection with GNSS receiver
capabilities:

07 Disabled

17 Enabled

Spoofing detection at initial alignment
procedure:

071 Disabled

17 Enabled

271 7 | Reserved

OxE3 Angles_tg

2*int16

Sets the initial angle offsets (Yaw and Pitch) between
the INS and the virtual velocity sensor's axes for the
Tunnel Guide feature.

OxE4 spoof_IAhor_cut

uint8

The horizontal coordinates threshold for spoofing
detection at initial alignment.

spoof_|Aver_cut

uint8

The vertical position threshold for spoofing detection at
initial alignment.

spoof_IAv_cut

uint8

The velocity threshold for spoofing detection at initial
alignment.
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OxE5 Forced to GNSS time uint8 | GNSS time usage for synchronization without
considering its validity.
State Value
Disabled (default) 0x00
Enabled 0x01

3. Sensors options
0x77 Sensors_output_var uint8 | Type of gyros, accelerometers, and magnetometers
output data (see Appendix D).
Data type Value
Instant angular rate and acceleration 0x00
Average angular rate and acceleration 0x01
Incremental angle and incremental velocity | 0x02
Default setting is filncre
velocityo.
OX7A Gyro_range uint8 IMU gyro range
(read-only, Value Gyro range
change is 0x06 450 deg/sec
ignored) 0x08 950 deg/sec
0x09 2000 deg/sec

KG uintl6 | Scale factor for gyro data.
Accelerometer_range uint8 | IMU accelerometer range
Value Accelerometer range
0x03 849
0x05 159
0x06 4049

KA uintlé | Scale factor for accelerometer data.

0xC1 Voltlmin uintl6 | The minimal and maximal thresholds for the input
voltage. The minimal available threshold is 9V, the
maximal is 36V.

These parameters may be adjusted if the user wants
to inspect input voltage during operation with the USW
Voltlmax uintl6 | massages (see bits #8 and 9 in the USW structure in
Table 5.121).

Note: The INS controls the correctness of the entered
value, and if it exceeds the allowed range (9-36V), the
value will be corrected automatically.

0xC4 T_Vinp uint8 | Time constant for the filter of input voltage, in s*10.
The default value is 0 seconds (zero value means that
the filter is switched off).
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0xC5 IMU_init uint8 | This parameter allows to set initialization type of the
internal IMU.
Initialization Value
Ordinary (default) 0x00
Rapid 0x01

During rapid initialization, the INS skips the procedure
of IMU initialization, but IMU should be pre-configured
properly. Please refer to the Inertial Labs support team
for details. This option can be useful if the application
requires an immediate INS start without delays.

Note: For the immediate start, there is also a reason to
allow background initialization of the embedded GNSS
receiver (see description of the Receiver_init
parameter, code 0x21).

0xC6 PCB_config uint8 | INS processing board setup parameters:
Parameter State Mask
CAN1 120 Ohm resistor* 0x01
CAN2 120 Ohm resistor* | 07 disabled 0x02
5V PPS 17 enabled 0x04
PPS differential signal 0x20

*120 Ohm termination resistor for CAN bus
implementation per the ISO 11898 standard.

0xC7 Mag_wo_iron_calibration uint8 | Enables the output of magnetometer signals without
iron calibration through the 0x24 UDD package.
State Value
Disabled 0x00
Enabled 0x01
4. Swaying compensation options
0x7B INS_mounting_lever 3*intl6 | Lever of the INS mounting relative to the center of the

object swaying (usually this is object center of gravity).
The lever must be set in the carrier object axes i on
the right, forward, and up 7 in m*100.

5. Magnetometers calibration options

OX7E InitClbType uint8 | Specifies the set of hard/soft iron calibration
parameters the INS starts with (see Section 5.9.14).
Type of calibration Value
Last INS Clb 0x00
Factory Clb 0x01
2D-2T, 3D,VG3D, 2D Clb 0x02
Previous Auto Clb 0x04

The parameter is set automatically after the last
calibration performed.

Ox7F ClbMagDisp_Threshold int32 | Threshold for dispersion of magnetometers data to
detect INS immobility and to remove appropriate data
from calibration procedure. This threshold is set in in
nT2.

Default value is 1000 nT2.
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ClbInclination_Threshold uintlé | Acceptable pitch and roll deviation from their median in
the 2D and 2D-2T calibration runs. Parameter is in
deg*100. INS data over this threshold are not used at
calculation of calibration parameters.

Default value is 150 (1.5 degrees).
ClbSuccess_Threshold uintl6 | Acceptable value of magnetic field calibration error to
have successful result of the 3D calibration, in nT.
Default value is 2500 nT.
0x80 T_Hfilter uint8 | Time constant of low-pass filter for measured
horizontal component of the Earth magnetic field, in
s*10.
Default value is 6 (0.6 seconds).
0x81 PR_threshold uint8 | The threshold for Pitch and Roll, in deg. It is used to
detect the additionatheflyot
VG3D6 calibration procedu
The default value is 20 deg.
0x82 Matrix Tm_c 9*float | Matrix for soft iron correction (32 3) by rows.
Matrix Hm_O 3*float | Matrix for hard iron correction (33 1).
0x84 Mag_auto_clb uint8 | Allows automatic calibration of magnetometers (see
Section 5.9.13).
State Value
Disabled 0x00
2D Clb 0x01
3D Clb 0x02
By default, automatic calibration is disabled.

Note: |If values of the parametersthatar e mar ked by A* 0 sign i n Pe
(column 1) were changed, then it is necessary to power off/on the INS unit so
changes get applied.
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5.3.14. Extended Command for INS Control

The Extended_cmd command (code O0xCO0) is used to perform a variety of actions
when INS is in operational mode. Table 5.100 shows the command structure.

Table 5.100. The structure of Extended_cmd command
Byte 7é(n+
number 0 1 2 3 4,5 6 if N>0 n+7, n+8
Message | Message | Message | Command | Arguments
Parameter | Header O |Header 1 type identifier | length code value Checksum
Lenath 1-byte 1-byte 1-byte 1-byte 2-byte 1-byte n bytes 2-byte
9 uint8 uint8 uint8 uint8 uintl6 uint8 (variable) uintl6
Note OxAA 0x55 0x01 0xCO n+7

Message length

The number of bytes in the message without header (OXAA 0x55).

Command code
The code of the command for performing specific actions that are listed in
Table 5.101.

Arguments value

Depending on the action the command should perform, it may contain a certain
number of arguments. These arguments must be present in the command
structure if they are defined under the command code in Table 5.101.

If the command code does not list any arguments, the full Extended_cmd

Note:
structure does not contain the appropriate bytes.

Checksum

The arithmetical sum of all bytes without header (OXAA 0x55). In the checksum
LSB (Least Significant Byte) is transmitted first (see Table 5.3).
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Table 5.101. Extended _cmd codes and arguments

Command . : AT
Semantic Size, Data
code Structure
bytes type
0x01 Auto estimation of 1 uint8 Time of data averaging for bias estimation of the
differential pressure differential pressure sensor, in seconds.
sensor bias When the INS receives the Stop command, the
calculated bias value is stored in the INS flash
memory under the Diff _press_sensor_bias
parameter (code 0x96).
0x11 Tunnel Guide 1 uint8 07 Enable
17 Disable

Advisory: It is possible to monitor the received command code along with its
corresponding argument value. This information is available via the 'Extended
cmd' UDD data type (code 0xD5). If no command is received, the zero value is
transmitted. If a few commands are sent during one run, the information about
the last one is output.

Example 1 (command with code 0x01)

The Extended_cmd general structure (hex):
AA 5501 CO008 00 CC AR CS CS

where CC is the necessary command code, AR is the argument value, and
CS CS is the checksum.

With a time of data averaging for bias estimation as 20 seconds in the
argument, the command looks like the following (hex):

AA 55 01 CO 08 00 01 14 DE 00
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5.3.15. GetExpIinfo Command

The GetExpInfo command (code O0x14 i n t herovid®sanfornoatod 0 f
about t he deviceobs compl i ance status wi t h
Regulations) and CoCom (Coordinating Committee for Multilateral Export Controls)
restrictions.

As an answer, the INS sends the message with structure according to Table 5.2 and
the 1-byte payload shown in Table 5.102.

Table 5.102. Payload value of INS answer on the GetExpInfo command
Value Description

0 Operation under the ITAR and CoCom restrictions
1 Operation without the ITAR and CoCom restrictions

5.4. Block of the Initial Alignment Dat a

After receipt of any command to start run, the INS begins the procedure of initial
alignment. After completion of this procedure, the INS gives out a message with a
block of initial alignment data.

Since INS firmware version 2.6.2.0, the user can set the short or extended block of
the initial alignment data using the parameter 0x04 Init_align_block_type (see Table
5.99), since INS firmware version 3.3.0.1. It is recommended to choose the
extended block of the initial alignment data, which contains more information about
results of the initial alignment procedure. Short block is kept more for compatibility
with older versions of INS firmware.

Byte structure of the block of the initial alignment data corresponds to Table 5.2.
Table 5.103 and Table 5.104 show detailed byte structure of the short block of the
initial alignment data. Table 5.105 and Table 5.106 show detailed byte structure of
the extended block of the initial alignment data.

Table 5.103. Byte structure of the short block of initial alignment data

Byte number 0 1 2 3 4,5 61 55 561 57
Parameter Header O | Header 1 Message | Outputdata | Message Payload | Checksum
type rate (Hz) length
1-byte 1-byte 1-byte 1-byte 2-byte 2-byte
Length uint8 uint8 uint8 uint8 uintl6 50 bytes uintl6
. see
Note OXAA 0X55 oxo1 | nexadecimal | Ox38 Table
value 0x00
5.104
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Table 5.104. Structure of the payload of the short block of initial alignment data

Byte Parameter Format Length Note

0i 11 Gyros bias float 3*4 3 numbers in ADC codes

1271 23 Average acceleration float 3*4 3 numbers in ADC codes

24171 35 Average magn. Field float 3*4 3 numbers in ADC codes

361 39 Initial heading float 4 degrees

4071 43 Initial roll float 4 degrees

441 47 Initial pitch float 4 degrees

487 49 USW (see Section 5.11) uintl6 2 07 successful initial alignment;

. 01 unsuccessful

Table 5.105. Byte structure of the extended block of initial alignment data

Byte number 0 1 2 3 4,5 6 €133 134,135
Parameter Header | Header Message Output data | Message Payload Checksum
0 1 type rate (Hz) length
1-byte 1-byte 1-byte 1-byte 2-byte 2-byte
Length uint8 | uint8 uints uint8 uintie | 1PBOYES | intie
hexadecimal 0x86 see
Note OXAA | x5 Ox01 value 0x00 | Table 5.106

Table 5.106. Structure of the payload of the extended block of initial alignment data

Byte Parameter Format Length Note
071 11 Gyros bias float 3*4 3 numbers in ADC codes
1271 23 Average acceleration float 3*4 3 numbers in ADC codes
2471 35 Average magn. Field float 3*4 3 numbers in ADC codes
3671 39 Initial heading float 4 degrees
407 43 Initial roll float 4 degrees
441 47 Initial pitch float 4 degrees
48171 49 USW (see Section 5.11) uintl6 2 07 successful initial alignment;
. 01 unsuccessful
5071 53 Pressure sensor int32 4 in ADC codes
temperature, UT _sr
541 57 Pressure data, UP_sr int32 4 in ADC codes
581 75 Temperatures in 3 gyros, 3 int16 9*2 in ADC codes
accelerometers, 3
magnetometers
7671 83 Latitude double 8 degrees
841 91 Longitude double 8 degrees
92171 99 Altitude double 8 m
1007 103 Velocity, V_east float 4 m/s
1047 107 Velocity, V_north float 4 m/s
1087 111 Velocity, V_up float 4 m/s
1127 119 Gravity, G_true double 8 m/s2
12071 123 Reservedl float 4
12471 127 Reserved?2 float 4
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5.5. Control of the GNSS Receiver

5.5.1. GNSS Receiver Parameters

The user can get information about the GNSS receiver model, serial number,
firmware version, and data rate using the GetDevIinfo command (see Section 5.3.6).

The user can configure GNSS receiver parameters using an appropriate command
since INS firmware version 3.3.0.1 (see Section 5.3.13).

The following parameters of the GNSS receiver can be changed (see Table 5.99,
portions fil.2. GNSS receivero af.@. Triggerso:

1 Altitude_var (0x13) i Vertical datum for INS operation.

GNSS port 2

1 GNSS_COM2_data_set (0x14) i Allows user to choose GNSS data set
for output through COM-port 2.

1T GNSS_COM2 data_rate (0x14) i Frequency of COM2 port GNSS data
output.

T GNSS_COM2_bps (0x14) i Sets baud rate of COM2, which outputs
GNSS data.

NMEA set
1T NMEA _set COM2 (0x15) i Allows user to set needed NMEA messages
for output through COM-port 2 with possibility to choose individual
frequency by NMEA_COM?2_data_rate command.

GNSS port 3

T GNSS_COM3_data_set (0x16) i Allows user to choose GNSS data set
for output through the COM-port 3.

1 GNSS_COM3_data_rate (0x16) i Specifies the GNSS data frequency.

1 GNSS_com3_bps (0x16) i Sets baud rate of COM3, which provides
input of the GNSS corrections.
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GNSS correction

1 GNSS_corr_type (0x17) 1 Specifies the type of GNSS correction that
should be used:

A No correction i No GNSS corrections will be used.

A AUTO i The GNSS receiver uses the best available source of
corrections: RTK, DGPS, PPP, or SBAS.

A SBAS i Correction data from Satellite Based Augmentation
Systems (SBAS) will be used.

A DGPS i Transmitted from a base station, Differential GPS (DGPS)
correction data will be used.

A PPP i correction uses a global network of multi-GNSS reference
stations (TerraStar or Oceanix).

1 SBAScontrol (0x18) i Specifies type of SBAS correction.

1 GNSS_corr_format (0x19) i Specifies format of differential correction
data.

1 PPP_Type (0x1B) 1 Specifies type of PPP correction (TerraStar or
Oceanix).

1 Enable_PDPFILTER (0x1C) 7 Enables the Pseudorange/Delta-Phase
(PDP) filter in the NovAtel receiver to smooth a jumpy GNSS position and
to bridge outages in satellite coverage. Note, enabled PDP filter can make
the GNSS position less accurate.

1 Constellations (0x1D) i GNSS constellations that are used by the INS
during operation.

1 Dyn_model _ublox (OX1E) 1 The type of dynamics of the u-blox GNSS
receiver.

1 Dyn_model _NovAtel (Ox1F) 7T The type of dynamics of the NovAtel
GNSS receiver.

1 Dyn_model_Septentrio (0x20) 1 The type of dynamics of the Septentrio
GNSS receiver.

1 Level _Septentrio (0x20) 1 The balance between noise and dynamics in
the GNSS measurements and the position, velocity and time solution.

1 Septentrio OSNMA (0x22) i Enables the use of the OSNMA anti-
spoofing service for the Septentrio GNSS receiver.

Mark inputs control

1 MARK_switch (0x50) i Allows control of processing the mark input signal
through MARK IN pin of the main INS connector (see Section 4.5).
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Note: Mark input is not supported for the INS unit equipped by u-blox GNSS
receiver with firmware version under 1.32. Contact Inertial Labs
specifying device serial number to get the necessary information.

1 MARK_polarity (0x50) i Specifies polarity of the pulse at a mark input.

1 MARK timebias (0x50) i Sets an offset, in nanoseconds, to be applied
to the time at which the mark input pulse occurs.

1 MARK timeguard (0x50) i Sets a time period, in milliseconds, during
which subsequent pulses after an initial pulse are ignored.

Important:
1. For the u-blox GNSS receiver, only the MARK_switch parameter can be
changed.
2. For the Septentrio GNSS receiver, all parameters are available for
change except MARK timebias.

PPS control

1 PPS_switch (0x52) 7 Allows to output PPS signal.

1 PPS_polarity (0x52) 1 Specifies polarity of the PPS pulse (see Section
4.4).

1 PPS_period (0x52) 1 Sets period of the pulse in seconds.

1 PPS_pulse_width (0x52) 7 Sets pulse width of the PPS signal in
microseconds.

Important : It is necessary to power off/on the INS after changing any of GNSS
receiver parameters, in order to restart the GNSS receiver with new
settings.

5.5.2. Accelerated Start of the NovAtel GNSS Receiver with TerraStar or
Oceanix Service at Known Position

The PPPSEED command controls the seeding of the Precise Point Positioning
(PPP) filter in the NovAtel GNSS receiver when TerraStar or Oceanix licensed
based corrections are available. Accurate position seeding can accelerate PPP
convergence when the antenna does not move between power-down and power-up.

The user can send the following commands to INS unit (within idle or operation
mode):
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1 PPPSEED_STORE i Store the current PPP position in nonvolatile
memory for use as a future seed.

1 PPPSEED_RESTORE 1 Retrieve and apply a seed position that was
previously saved in nonvolatile memory via the PPPSEED_STORE
command.

1 PPPSEED_CLEAR i Reset the stored seed.

These commands have the byte structure shown in Table 5.2. Payload commands
has a length of 1 byte and contains code of the command. See Appendix B for exact
structure of these commands.

5.6. Altitude Calculation

At its operation, the Inertial Labs INS calculates position using its sensors data with
correction from the onboard GNSS receiver. Additionally, for altitude calculation, the
INS can use correction from the onboard pressure sensor.

In practice, the GNSS altitude data are much less accurate than the horizontal
position (because of high vertical dilution of precision). Using a static pressure
sensor (barometer) as an aiding sensor for the altitude increases the vertical
accuracy. However, the relation between altitude and pressure is dependent on
many factors, the most important being weather-related.

The Inertial Labs INS allows three variants of the altitude correction that depends on
the Baro_altimeter switch:

1 Correction by altitude and vertical velocity provided by GNSS data
(Baro_altimeter=0);

1 Correction by barometric altitude calculated using pressure sensor data
(Baro_altimeter=1 1 primary altitude sensor);

1 Altitude correction by GNSS data if they are valid. Otherwise, barometric
altitude calculated using pressure sensor data is used (Baro_altimeter=2
I secondary altitude sensor).

The default value is Baro_altimeter=0.
Important:
1. To measure barometric altitude, the pressure sensor in the INS must have access

to the ambient external pressure. Additionally, the pressure sensor must not be
exposed to high-speed air streams. So, if the INS is installed inside a pressurized
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cabin or outside the high-speed object, please set Baro_altimeter=0 to switch to
the GNSS altitude for INS correction.

2. The accurate initial altitude needs to be set in the INS flash memory in case GNSS
solution is unavailable for calculating the initial barometric altitude.

Since firmware version 3.4.6.8 INS can significantly increase accuracy of barometric
altitude calculation i f AAmbi e n Sectton 5.7.4D. dft a
true value of ambient temperature is set in this aiding data package, then
temperature correction of the scale factor of barometric altitude dependence from
measured pressure is applied. If true altitude and ambient pressure are set in
AAmMmbi ent Air Datao package, tchleutatedpto iecsesser e
barometric altitude calculation. If only ambient temperature is known, then leave
zero values for altitude and pressure in
will use these values calculated on-board.

(@

1]

Since firmware version 3.5.1.7, there is added possibility to specify the pressure
sensor bias that can be estimated at special calibration. This bias is subtracted from
pressure sensor data. Value of this bias can be using Press_sensor_bias parameter
change (see code 0x93 in Table 5.99).

Note that in all variants of the INS altitude correction, the initial altitude is equal to
altitude provided by the GNSS receiver if it has solution. If GNSS data are not
available, then the initial altitude is equal to its value stored in the INS nonvolatile
memory by Location_date parameter.

The INS can calculate altitude either above mean sea level (MSL) or above the
WGS84 ellipsoid. Users can set the desired vertical datum by changing the
Altitude_var parameter (code 0x13).

The following parameters can be set through commands (Table 5.99):

1 Baro_altimeter (0x26) 1 Allows setting the variant of the pressure sensor
using for INS altitude correction (Disabled, Primary altitude sensor,
Secondary altitude sensor)

1 Location_date (0x05) 71 Allows setting the initial position (latitude,
longitude, and altitude) and date (day, month, and year).

1 Altitude_var (0x13) 1 Vertical datum for INS operation.

Note: If INS operates with firmware version up to 3.3.0.1, it is available changing of the
Baro_altimeter and Location_date parameters only with LoadINSpar command (see
Table 5.82, bytes #8-22 and #58).
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5.6.1. Baro Altitude Correction using GNSS

As an option, the INS can correct Baro Altitude (altitude calculated using the
pressure sensor) using GNSS altitude data. This correction is especially useful for
long flights or flights over large distances, where atmospheric pressure may vary
due to changing weather conditions.

To enable this correction method, the following parameters must be set:

1 T_bs (code 0x97) 1 Sets the time constant of the LP filter for the
correction. The default value is 0 seconds.

Important: A zero value means the baro altitude correction using the GNSS
altitude is disabled. To enable it, the time constant must be set to
a non-zero value. The recommended value is 100 seconds.

1 Alt_cut_bs (code 0x97) 1 Sets the threshold for the acceptable
difference between the INS and GNSS receiver altitudes. The
recommended value is 200 m.

1 Vv_cut_bs (code 0x97) 1 Sets the threshold for the acceptable filtered
difference between the INS and GNSS receiver vertical velocities. The
recommended value is 0.6 m/s.

Note: The correction is applied only when the INS considers the GNSS data to be valid
(i.e., there is no detected spoofing, jamming, or other interference).
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5.7. INS Operation in GNSS-denied Environment

GNSS-aided INS provides accurate and reliable position, velocity, and orientation.
At GNSS outage, the INS accuracy quickly degrades over time due to sensors error.
However, it is still possible to keep INS accuracy within acceptable limits by using
different techniques.

5.7.1. Odometer Data Input Using RS -232 Interface

The INS COM4 port can be used for input data from the odometer for dead
reckoning. The INS supports the OBDII odometer interface when used with the
appropriate AMJ Smart Bridge Il cable. To ensure full compatibility with the INS unit,
contact Inertial Labs to order the right cable.

To use odometer data, INS should be configured before operation. To do this, the
following parameters must be adjusted:

1 Odometer_type (0x29) T Define a type of odometer. Must be set to 0x01
value (OBDII odometer).

1 COM4 data_var (0x44) 1 Variant of COM4 port use. Must be set to 0x01
value (OBDII odometer).

1 COMA4_data_rate (0x44) i Frequency of the odometer data input in Hz
(20Hz by default).

1T COM4 _bps (0x44) 1T COMA4 baud rate of the odometer data input.

Note: The internal algorithm automatically estimates the angle offsets between the INS
and odometer axes during operation when GNSS data is available and uses them
to enhance navigation accuracy. These esti.
state vector Odometero UDD data type (code

5.7.2. Odometer Data Input from Encoder ( Wheel Speed Sensor)

The Inertial Labs INS unit can be factory configured to receive pulse/bi-phase
signals from an encoder for dead reckoning.

To use encoder data, INS should be configured before operation. To do this, the
following parameters must be adjusted:

1 Odometer type (code 0x29) i Define a type of odometer. Must be set to
0x02 value (Encoder-based odometer).
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1 Encoder_pins (code Ox3F) i Define a line that is used for an encoder
connection. The available connection options are listed in Section 5.7.2.1.

1 Ext_data_offset (code 0x2B) T Lever arm measured from the
accelerometer mass-center of the INS unit to external data source in the
vehicle coordinate frame (in the right, forward, and vertical directions).

1 STD_Vh_ext (code 0x2F) i Standard deviation of the odometer noise.
Usually this value is 0.1 m/s, but it depends on the encoder.

1 k_Sigma_V_ext (code 0x31) 1 Threshold of Kalman filter velocity
residuals. Its default value is 10.

1 ZUPT_threshold ( code 0x2A) i Threshold for horizontal speed
measured with odometer for stop detection in the odometer ZUPT
algorithm.

1 Pulse_length (code 0x2A) 1 Distance in meters between low to high
transitions of the encoder signal.

The pulse length value can be calculated automatically inside the INS even if
its value is left as default (zero). It will work only if the following two
parameters are set accurately:

A Wheel_circ (code 0x2A) i Wheel circumference where encoder is
installed.

A Ticks_per_rev (code Ox2A) i Number of ticks per revolution.

Also, the pulse length can be calculated manually using the following
formula:

Pulse length = pi*D/n = C/n

where D = wheel diameter (in meters); C = wheel circumference (in meters);
n = number of pulses per revolution.

The pulse length must be set accurately, because INS position calculation at
GNSS outage highly depends on pulse length accuracy. On the other hand,
the pulse length can be set approximately or even set to zero if the odometer
calibration procedure will be performed before ordinary operation of INS with
odometer (see Section 5.7.2.2).

Contact Inertial Labs to get recommendations on the values of odometer
configuration parameters.

Note: The internal algorithm automatically estimates the angle offsets between the INS
and odometer axes during operation when GNSS data is available and uses them
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to enhance navigation accuracy These esti.
state vector Odometero UDD data type (cod

5.7.2.1. Connection of Encoder -Based Odometer
Several options are available for connecting the encoder:

1 Usage of the Ethernet lines on the main connector (see Table 4.1).

Table 5.107. (Default) Diagram of encoder connection to the Ethernet lines

Incremental encoder, 24-pin INS connector, . o
: , A and B signals definition
contact function pin number
OUT A 23 Logic 1: 2.5V to 12V
OouUTB 24 N
Logic 0: OV to 1.5V

GND 22 Current: 1 mA (min) i 5mA (max)

Supply voltage 5.0V (500mA) 21 '

For this connection type, the Encoder_pins parameter (code 0x3F) must be set
to 0x01 value (Expansion board). The Ethernet interface is unavailable for use

in this connection variant.

1 Usage of the COM1 RS-422 pins on the connector (see Table 4.1)

Table 5.108. (Optional) Diagram of encoder connection to the COM1 RS-422 lines

Incremental en(_:oder, 24-pin _INS connector, A and B signals definition
contact function pin number
ouTA 13 Logic 1: 2.5V to 5V
OUT B 11 o
Logic 0: OV to 1.5V
GND 12 Current: 1 mA (min) T 5mA (max)
Supply voltage 6.5V (500mA) 14 ]

For this connection type, the Encoder_pins parameter (code 0x3F) must be set
to 0x02 value (RS422). The COM1 RS-422 interface is unavailable for use in

this connection variant.

5.7.2.2. Calibration of Encoder -Based Odometer

The aim of the odometer calibration is accurate estimation of the pulse length. The
method of calibration is as follows:

1 Start INS ordinary operation. Start vehicle run. The odometer calibration
can begin any time after INS started calculation of valid position, velocity,

and orientation.
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1 Send the Start._ Odom_clb command to start the odometer calibration:
AA 55 00 00 07 00 28 2F 00

Note: These are hexadecimal numbers but not ASCII text symbols.

1 After receipt of this command, the INS starts accumulation of odometer
data for its calibration. At this point, the bit #7 is set to 1 in INS status
word USW for indication of data accumulation process (see Fig. 5.3 and
Section 5.11).

1 Itis desirable that the vehicle runs in an approximately straight line during
the odometer calibration. Distance of the run should be no less than 1 km.
During this calibration run, the GNSS outage is allowed, but it should not
be for more than 10 seconds.

1 To finish the odometer calibration, send the Stop_Odom_clb command:
AA 55 00 00 07 00 29 30 00
Note: These are hexadecimal numbers but not ASCII text symbols.

After receipt of this command, INS stops data accumulation for the odometer
calibration and sets the USW bit #7 to O (see Fig. 5.3).

Next, INS starts calculations for the odometer pulse length and sets USW bit #7 to 1
again. At the end of these calculations, if calibration is successful, INS calculates
the pulse length. Additionally, the INS sets the USW bit #15 to 1 to inform the host
system that the odometer calibration has been performed and is successful (see
Fig. 5.3). If this calibration was estimated as unsuccessful then the USW bit #15 is
set to O.
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Usw:
Bit #7
time
ot >
Data accumulation PL::EEJE l;gh

Usw:
Bit #15 ;

| /

0 > time

Successful odometer
calibration

Fig. 5.3. The diagram of indication of the odometer calibration process
in the USW (Unit Status Word ; see Section 5.11)

Calculated pulse length will be used immediately for operation with odometer.
However, the pulse length will be stored to INS nonvolatile memory only after INS
receives the Stop command to finish its work in operating mode (see Section 5.3.3).

During INS run, you can perform new odometer calibration several times without
INS stop and without vehicle stop. The last calculated pulse length will be written to
the INS flash memory after INS stops.

At the next INS run this pulse length will be used for operation with odometer.

Note that during all steps of the odometer calibration, the INS unit continues
calculation of navigation data and their output.

5.7.3. Odometer Data Input from CAN BUS

Once t he user has access t o t he vehicl ed
messages that indicate velocity, the CAN BUS line can be connected to the INS unit

to use CAN data as an odometer.

The user can configure the CAN BUS-based odometer by changing the appropriate
parameters with the direct commands:

1 CAN_bps (0x46) i CAN baud rate.

Signal 1 describes CAN message that contains velocity data
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T CAN_Inp_Sigl MessType (0x47)1 A type of CAN message.
1 CAN_Inp_Sigl MesID (0x47)i CAN message identifier.

1 CAN_Inp_Sigl DataType (0x47)71 Data type of signal 1 in CAN
message.

1 CAN_Inp_Sigl Startbit (0x47) 71 The least significant bit of signal 1
counted from the start of the message data (see examples in Fig. 5.4, Fig.
5.5).

1 CAN_Inp_Sigl Length (0x47) 7 Number of bits that signal 1 occupies in
the message.

1 CAN_Inp_Sigl ByteOrder (0x47)7 A message byte order.

1 CAN_Inp_Sigl ValueType (0x47) 1 Specifies signed or unsigned data
type.

1 CAN_Inp_Sigl Factor (0x47) and CAN_Inp_Sigl_ Offset (0x47)1
Define the linear conversion rule to convert the signal raw value into the
s i g np@hysica value (in km/h) and vice versa:

physical_value = raw_value * factor + offset
raw_value = (physical_value i offset)/ factor

Signal 2 can be used to describe CAN message with additional information about
velocity (if it exists T such as decimal velocity values). It has the same configuration
parameters as Signal 1 (see descriptions for each above).

CAN_Inp_Sig2 MessType (0x48)
CAN_Inp_Sig2_ MesID (0x48)
CAN_Inp_Sig2_DataType (0x48)
CAN_Inp_Sig2_Startbit (0x48)
CAN_Inp_Sig2 Length (0x48)
CAN_Inp_Sig2_ByteOrder (0x48)
CAN_Inp_Sig2_ValueType (0x48)
CAN_Inp_Sig2_Factor (0x48)
CAN_Inp_Sig2_Offset (0x48)

=2 4 A2 42 4 4 4 4 4

Signal 3 can be used to describe CAN message with information about velocity sign
if it is absent in Signal 1. Usually, the velocity sign can be defined by transmission
actual gear. Signal 3 has the same first seven configuration parameters as Signal 1,
(see above), but the last parameter is new.

1 CAN_Inp_Sig3 _MessType (0x49)
1 CAN_Inp_Sig3_MesID (0x49)
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CAN_Inp_Sig3_DataType (0x49)
CAN_Inp_Sig3_Startbit (0x49)
CAN_Inp_Sig3_Length (0x49)
CAN_Inp_Sig3 ByteOrder (0x49)
CAN_Inp_Sig3 ValueType (0x49)

CAN_Inp_Sig3_ReverseGear (0x49) 71 Value of the signal that
corresponds to the reverse gear (reverse vehicle motion).

Bit Number
Bit 7

=4 4 4 5 2 2

Bit Number

Bit6 Bit5 Bit 4 Bit3 Bit2 Bitl Bit 0 Bit7 Bit6 Bit 5 Bit4

Bit3

Bit2 Bitl Bit0

7 3 5 4 3 2 1 i}

Byte 0 Byte 0

15 14 1z 12 11 10 9 S

Data Byte Number
Data Byte Number

Byte 1 Byte 1

18 18 17 16

19 18 17
Data is writen up to the maost
Byte 2 significant bit and ends at|11
31 30 29 2 31 30 23 2 27 26 25

Data begins at the least significant Data beg_\ns at the least significant
bit and starts at 20 Byte 3 bit and starts at 20

39 38 37 EL 35 34 Ex] EX] EE] 38 7 36 35 34 33 32

Byte 2

Byte 3

Doata is writan up to the most significant
bit and ends at 27 Byte 4
47 46 45 44 43 42 a1 a0 47 46 45 44 43 42 41 a0

Byte 4

Byte § Biyte §

55 54 53 52 51 50 a3 a8 55 54 53 52 51 50 49 48

Byte 6 Byte 6

63 62 61 &0 3 58 57 56 63 62 61 50 53 58 57 56
Byte 7

Fig. 5.4. Example of signal in little -endian format with
the length 8 bit and the start bit at 20

Byte 7

Fig. 5.5. Example of signal in big -endian format with
the length 8 bit and the start bit at 20

Note: Each kind of car has unique CAN messages on the CAN BUS line. An example of
parameters configuration of CAN BUS based odometer for a Hyundai Tucson TL

car is shown in Table 5.109.

Table 5.109. Example of CAN BUS based odometer configuration for
Hyundai Tucson TL

Parameters | Value | Description (see Table 5.99)

Signal 1

CAN_Inp_Sigl MessType 0x01 CAN 2.0A type

CAN_Inp_Sigl MesID 0x112 CAN message identifier for CAN 2.0A type

CAN Inp_Sigl DataType 0x01 Velocity data type

CAN_Inp_Sigl_Startbit 0x10 16 decimal

CAN_Inp_Sigl Length 0x08 8 decimal

CAN_Inp_Sigl ByteOrder 0x00 Little-endian byte order

CAN Inp_Sigl ValueType 0x00 Unsigned value type

CAN Inp_Sigl Factor 0x0000803F 1.0 decimal

CAN_Inp_Sigl Offset 0x00000000 0.0 decimal
Signal 2

CAN_Inp_Sig2_MessType 0x01 CAN 2.0A type

CAN Inp_Sig2 MesID 0x112 CAN message identifier for CAN 2.0A type
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CAN_Inp_Sig2 DataType 0x01 Velocity decimal data type
CAN Inp_Sig2 Startbit 0x38 56 decimal
CAN Inp Sig2 Length 0x08 8 decimal
CAN_Inp_Sig2 ByteOrder 0x00 Little-endian byte order
CAN_Inp Sig2 ValueType 0x00 Unsigned value type
CAN_Inp_Sig2 Factor 0x0000003C 0.0078125 decimal
CAN_Inp Sig2 Offset 0x00000000 0.0 decimal

Signal 3
CAN_Inp_Sig3 MessType 0x01 CAN 2.0A type
CAN_Inp_Sig3 MesID 0x111 CAN message identifier for CAN 2.0A type
CAN_Inp_Sig3 DataType 0x01 Transmission
CAN Inp Sig3_ Startbit 0x08 8 decimal
CAN_Inp_Sig3 Length 0x04 4 decimal
CAN_Inp_Sig3 ByteOrder 0x00 Little-endian byte order
CAN_Inp Sig3 ValueType 0x00 Unsigned value type
CAN Inp Sig3 ReverseGear 0x07 7 decimal

Note: The internal algorithm automatically estimates the angle offsets between the INS
and odometer axes during operation when GNSS data is available and uses them
to enhance navigation accuracy. These esti.
state vector Odometer o UDD data type (code

5.7.4. Aiding Data Input

Since INS firmware version 2.8.2.0, it is possible to send external aiding data to the
INS unit using the main COM1 port during INS normal operation when INS outputs
data through the same port. Additionally, since firmware version 3.5.4.3, this feature
has been extended to the COM4 port.

To use it, configure the INS according to the port you intend to use:

1 For COMZ1: No configuration is required i the INS always accepts
incoming aiding data from COML1.

1 For COM4: Set the COM4_data_var parameter (code 0x44) to the 0x13
value (Aiding data input).

The structure of the external aiding data packet corresponds to Table 5.2 with
message identifier 0x62 and the payload shown in Table 5.110.
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Warning: The INS cannot process more than one aiding data packet within a 5-ms cycle.
If multiple types of aiding data are used, they must be combined into a single
packet or transmitted at least 5 ms apart. Otherwise, packet loss or data
corruption may occur.

Advisory:

1. For validation and diagnostics, external aiding data received by the device can be
retransmitted using the User Defined Data (UDD) output option. This allows users
to visualize or log the aiding data, ensuring transparency and consistency in
system integration.

2. To monitor the arrival of new aiding data I
ANew aiding data 20 indicator s. These are
corresponding to codes 0x65 and OxA1l, respectively.

Table 5.110. Aiding data payload structure

Field OtEEt [ pEvior! Size, bytes Value

bytes

Meas Num 0 1 Number of measurements
present in the payload (M)

Meas List 1 M List of measurement types, one
per byte (refer to Table 5.111 for
values)

Meas Data 1 M+1 Variable, depends on Data according to measurement

measurement type (refer to structure (refer to Table 5.111 for
Table 5.111 for sizes) structures)
Meas Data 2 | Variable, depends on Variable, depends on Data according to measurement
Meas Data 1 size measurement type (refer to structure (refer to Table 5.111 for
Table 5.111 for sizes) structures)

é é é é

Meas Data M | Variable, depends on Variable, depends on Data according to measurement

preceding data measurement type (refer to structure (refer to Table 5.111 for
Table 5.111 for sizes) structures)
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Table 5.111. Aiding data measurement structure

Type Semantic t?):tzss Structure Channel
0x01* Odometer 4 int32 | Accumulated distance in mm H
0x02* Airspeed 2 intl6 | Airspeed in 0.01 kt H
0x03 Wind data 8 intl6 | North wind component in 0.01 kt H
intl6 | East wind component in 0.01 kt
uintl6 | North wind STD in 0.01 kt
uintl6 | East wind STD in 0.01 kt
0x04* External position 20 int32 | Latitude external in deg*1.0e7 H,V
(see note #2 and 11) int32 | Longitude external in deg*1.0e7
int32 | Altitude external in mm
uintl6 | Latitude external STD in 0.01 m
uintl6 | Longitude external STD in 0.01 m
uintl6 | Altitude external STD in 0.01 m
uintl6 | External position latency in msec
0x06 Heading external 6 uintl6 | Heading external in 0.01 deg H
uintl6 | Heading external STD in 0.01 deg
uintl6 | Heading external latency in msec
ox07* DVL data 24 int32 Lateral velocity, 1000*m/sec H, V
(see note #4 and 11) int32 | Forward velocity, 1000*m/sec
int32 | Vertical velocity, 1000*m/sec
uintlé | Lateral velocity STD, 1000*m/sec
uintl6 | Forward velocity STD, 1000*m/sec
uintl6 | Vertical velocity STD, 1000*m/ sec
uintl6 | Velocity latency, msec
uint32 | Reserved
0x08 Sensors bias external 7 int8 Gyro bias X, deg/s*5e3 H, V
int8 Gyro bias Y, deg/s*5e3
int8 Gyro bias Z, deg/s*5e3
int8 Accel bias X, g*5e4
int8 Accel bias Y, g*5e4
int8 Accel bias Z, g*5e4
uint8 | Reserved
0x09 Pitch and Roll external 4 intl6 | Pitch external in 0.01 deg H
intl6 | Roll external in 0.01 deg
OxXOA | GNSS antennas position 12 intl6 | Primary antenna, Right, m*1000 H, V
int16 Primary antenna, Forward, m*1000
int16 Primary antenna, Up, m*1000
intl6 | Secondary antenna, Right, m*1000
intl6 | Secondary antenna, Forward, m*1000
int16 Secondary antenna, Up, m*1000
0x0B Ambient Air Data 8 intl6 | Temperature, deg C*10 \%
(see note #2, 11 and 12) int32 | Altitude, m*100
uintl6 | Pressure, Pa/2
0x0C* Altitude external 6 int32 | Altitude external in m*1000 \%
(see note #2, 10, and 11) uintle | Altitude external STD in m*100
Ox0E* External horizontal 14 int32 | Latitude external in deg*1.0e7 H
position int32 | Longitude external in deg*1.0e7
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(see note #11) uintl6 | Latitude external STD in 0.01 m
uintl6 | Longitude external STD in 0.01 m
uintl6 | External position latency in msec

OX12* ADC Sta'[iC a.nd dynamiC 8 u|nt32 Sta“c pressure in Pa H, V
pressure : : :
(see note #11) int32 Dynamic pressure in Pa*10
0x13* Base station range 20 int32 | Base Latitude in deg*1.0e7 H
(see note #2 and 13) int32 | Base Longitude in deg*1.0e7

int32 | Base Altitude in mm
uint32 | Range in mm

uintl6 | Range STDin 0.01 m
uintl6 | Range latency in msec
0x14* Dual-axis airspeed 14 int32 | Right velocity, 1000*m/sec H,V
int32 | Forward velocity, 1000*m/sec
uintl6 | Right velocity STD, 1000*m/sec
uintl6 | Forward velocity STD, 1000*m/sec
uintl6 | latency, msec

Notes:

1. The column O6Channel & indicates what navi gal
(H7 horizontal, V i vertical).
2. The altitude value under the fExternal positiong MAmbient Air Datag MAltitude
externalg and fBase station rangeodaiding data packets must comply with the
vertical datum defined by the Altitude_var parameter (code 0x13).
All multi-byte integer values are LSB first.
DVL (Doppler Velocity Log) data can be represented either in the vehicle's
coordinate frame (right, forward, vertical) or in a navigation frame (East, North,
Up), depending on the state of the DVL_reference_frame parameter (code 0x34).
The internal algorithm automatically estimates the angle offsets between the INS
and DVL axes during operation when GNSS data is available and uses them to
enhancenavi gation accuracy. These estimated v
state vector DVLO UDD data type (code O0xD3
5. If any of the aiding data marked with an asterisk (*) is sent to INS, the offsets of
their sources relative to the INS must be defined with the Ext_data_offset
parameter (code 0x2B).
6. STD values in aiding data messages are estimated accuracy of the aiding data. If
these fields are zero, then appropriate parameters from flash memory are used.
See description of parameters STD_pos_h_ext, STD_pos_v_ext, STD_Vh_ext,
STD_Vv_ext, STD_k_ext, R_w (codes 0x2D to 0x30, 0x36, 0x39) in Table 5.99.
7. If the STD value(s) within the aiding data package of fExternal positiong fExternal
horizontal positiong or fAltitude externalois set to OXFFFF, then the appropriate
external position is considered accurate, and the INS immediately adopts its
position to the external position. Additionally, since firmware version 3.5.5.7, the
INS Kalman filter does not use this data to update its state vector, so there are no
changes in other INS navigation data.
8. North and east wind are northward and eastward components of the ground speed
of air mass motion.

B w
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9. If the STD value within the aiding data package of fHeading externaldis set to
OxXFFFF, then the external heading is considered accurate, and the INS
immediately adopts its heading to the external one, regardless of the set heading
correction type and the availability of GNSS signals.

10. When the GNSS signal is unavailable or invalid, the INS gives priority to Altitude
external aiding data for altitude correction & even if the onboard barometer is set
as the primary altitude source.

If you plan to use an external altimeter as the source of Altitude external aiding
data during mission setup, it is recommended to disable the onboard barometer for
data consistency. This can be done using the Baro_altimeter parameter (code

0x26).

11. During the initial alignment procedure, the system can process the following aiding
data when avail abl e: ARNExternal positiono, i
positiono, ADVL datao (in the absence of GlI
initial position and velocity), AAmMbi ent Al
pressureo

12. AiAmbi ent Ai r Dimprevethd ascuracy efdarametric altitude
calculation by providing a more precise estimation of atmospheric pressure at sea
level (using ambient pressure and altitude) and refining the barometer scale factor
(using ambient temperature). If all three values (temperature, altitude, and
pressure) are known at a certain altitude, they should be included in this aiding
data package. If not all data is available, the user can include only the known
values for the current INS altitude and set the remaining parameters to zero, but
only in the following combinations:
A If ambient pressure is unknown, set it to zero. INS will use static pressure
calculated onboard.
A If ambient pressure and altitude are unknown, set them to zero. INS will use
these values calculated onboard.
ATrue ambient temperature must be set in t
case.
13. The fiBase station rangeo aiding packets cail
separately (up to 10 base stations supported).
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Aiding data example 1 (airspeed + wind data). The packet is:

AA 5501 62 13 00 02 02 03 B9 0B E9 03 OB FE 34 00 2A 00 94 03

Table 5.112 explains data in this packet.

Table 5.112. Example 1

Field Semantic Decimal value Hex value Bytes (hex)
Header 0 n/a n/a AA
Header 1 n/a n/a 55
Packet type Data n/a n/a 01
Packet ID Aiding data n/a n/a 62
Length Total packet length (without header 19 0x0013 1300

0xAA 0x55)
Meas Num Number of measurements present (2) 2 0x02 02
Meas List List of types (0x02, 0x03) n/a n/a 02 03
Meas 1 Field 1 Airspeed of 30.01 kt 3001 0x0BB9 B9 0B
Meas 2 Field 1 North wind component of 10.01 kt 1001 0x03E9 E9 03
Meas 2 Field 2 East wind component of -5.01 kt -501 OxFEOB 0B FE
Meas 2 Field 3 North wind STD of 0.52 kt 52 0x0034 34 00
Meas 2 Field 4 East wind STD of 0.42 kt 42 0x002A 2A 00
Checksum Least significant 16 bits of the 916 0x0394 94 03

arithmetic sum of all preceding bytes

except header

Aiding data example 2 (DVL data). The packet is:

AA 5501 62 20 00 01 07 CB OD 00 00 F1 16 00 00 4F 05 00 00 F6 00 60
01 62 00 FA 00 00 00 00 00 71 05

Table 5.113 explains data in this packet.

Table 5.113. Example 2

Field Semantic Decimal value Hex value Bytes (hex)
Header 0 n/a n/a AA
Header 1 n/a n/a 55
Packet type Data n/a n/a 01
Packet ID Aiding data n/a n/a 62
Length Total packet length (without 32 0x0020 20 00

header OxAA 0x55)
Meas Num Number of measurements present 1 0x01 01
(2)
Meas List List of types (0x07) n/a n/a 07
Meas 1 Field 1 Lateral velocity (3.531 m/sec) 3531 0x00000DCB | CB 0D 0000
Meas 1 Field 2 Forward velocity (5.873 m/sec) 5873 0x000016F1 F116 00 00
Meas 1 Field 3 Vertical velocity (1.359 m/sec) 1359 0x0000054F 4F 05 00 00
Meas 1 Field 4 Lateral velocity STD, (0.246 246 0x00F6 F6 00
m/sec)
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Meas 1 Field 5 Forward velocity STD, (0.352 352 0x0160 60 01
m/sec)

Meas 1 Field 6 Vertical velocity STD, (0.098 98 0x0062 62 00
m/sec)

Meas 1 Field 7 Velocity latency (250 msec) 250 0x00FA FA 00

Meas 1 Field 8 Reserved 0 0x00000000 00 00 00 00

Checksum Least significant 16 bits of the 1542 0x0571 7105
arithmetic sum of all preceding
bytes except header

To control receipt of the external aiding data,t he speci al out put d
OPVTADO is implemented since iTlséeSSectianb.thévar e \

5.7.5. NMEA Aiding Data Input Through the COM4 Port

It is possible to input GGA, VTG, HDT, RMC, and MWV NMEA messages from
external devices via COM4 port to improve INS dynamic accuracy. Such messages
can be sent all together or separately.

The user can configure COM4 port using COM4 _data_var parameter change (see
code 0x44 in Table 5.99).

GGA log contains time, position and fix related data of the GNSS receiver. The
structure of the GGA log is shown in Table 5.39.

Note: If GGA (position) data is applied for input, then mounting lever of position source
relative to the INS unit should be set using Ext_data_offset parameter (see code
0x2B in Table 5.99).

VTG log contains the track made good and speed relative to the ground. The
structure of the VTG log is shown in Table 5.43.

HDT log contains actual carrier object heading in degrees True (from True North).
The gener al forms of t heTabBl&HdI46.0 sent ence s hc

RMC log contains time, date, 2D position, track made good, and speed data
provided by the GNSS navigation receiver. The structure of the RMC log is shown in
Table 5.42.

MWYV log contains wind speed and angle (wind direction) data. The log structure is
shown in Table 5.114.
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Table 5.114. The MWV log structure

Syntax
$WIMWV,<angle>,<reference>,<speed>,<units>,<status>*<checksum><CR><LF>
Parameters Description
SWIMWV Log header
<angle> 000 to 359 Measured wind direction in degrees relative to sensor datum
<reference> R Relative (compass disabled)
T True (compass enabled)
<speed> 000.0to 075.0 Measured wind speed (in metres per second).
000.0to0 145.8 Measured wind speed (in knots).
000.0to 270.0 Measured wind speed (in km per hour).
<units> M Indicates the wind speed is presented in metres/second
N Indicates the wind speed is presented in knots
K Indicates the wind speed is presented in kilometres/hour
<status> Otoz Indicates whether an error condition was detected by the
operating system, such as out of range wind speed or incorrect
signal level.
Any character other than 06A6b
* Fixed character
<checksum> Checksum
<CR><LF> Sentence terminator
Example
$WIMWV,045,R,020.0,M,A*3D<cr><If>

5.7.6. Using virtual measurements (ZUPT, ZARUPT, and Tunnel Guide)

If aiding data from external sensors is unavailable, virtual measurements can reduce
accumulated INS errors during GNSS outages. Different techniques, such as Zero
Velocity Update (ZUPT), Zero Angular Rate Update (ZARUPT), and Tunnel Guide,
are significant assets that aid the INS without the need for any external hardware.
The INS benefits from ZUPT and ZARUPT in static conditions, while Tunnel Guide
enhances navigation performance during platform motion. Therefore, these
techniques can be used in a complementary manner.

The ZUPT technique involves detecting moments when the carrier object is
stationary. By identifying these instances, the INS can correct for drift and errors in
velocity to enhance position accuracy. The necessary parameters that should be set
for this algorithm are:

1 ZUPT (code 0x5B) 1 This parameter enables the use of the ZUPT
algorithm.

1 Vh_zupt (code 0x5B) and Vv_zupt (code 0x5B) i Horizontal and vertical
speeds used to detect the stop of a carrier object.
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Like ZUPT, ZARUPT identifies moments when the angular rate is zero, meaning
there is no rotational movement . This allo
orientation, reducing errors in attitude estimation. The necessary parameters that
should be set for this algorithm are:

1 ZARUPT (code OxAA) 1 This parameter enables the use of the ZARUPT
algorithm.

1 ZARUPT_STDw (code OxAA) i Noise STD of virtual angular rate
measurements.

The Tunnel Guide feature utilizes known physical behaviors of the platform, such as
a land vehicle's inability to move sideways, to improve navigation accuracy. Tunnel
Guide helps refine motion estimates and correct errors during movement. The
necessary parameters that should be set for this algorithm are:

1 Tunnel_guide ( code 0x5C) i This parameter enables the use of the
Tunnel Guide algorithm.

Notes: Also, the Tunnel Guide state can be changed at any time during device
operation by sending the Extended_cmd command. See Section 5.3.14
for more details.

1 STD_Vh_tg (code 0xA5) and STD_Vv_tg (code OxA5) i Noise STD of
horizontal and vertical speed data.

1 ro_tg (code OxA5) i The center of carrier object rotation.

1 Angles_tg (code OxE3) i The initial angle offsets between the INS and
the virtual velocity sensor's axes for the Tunnel Guide feature.

Note: These offsets are optional to set, as the INS automatically estimates
them during operation when GNSS data is available and uses them to
enhance navigation accuracy. However, the initial offsets can be
determined during a test drive prior to the intended mission. These
values are available via the AKF stat
type (code 0xD4). After the test drive, the most recent offset values from
this data stream can be manually written to the INS flash memory using
the Angles_tg parameter.

There are also advanced common parameters for ZUPT, ZARUPT, and Tunnel
Guide algorithms:

1 Thresholds for filtered gyros signal (Gyro_1 zupt (code 0x62),
Gyro_2 zupt (code 0x62)), accelerometers signal (Accel _zupt (code
0x63)), which are used to detect stop of a carrier object. The default
value of every parameter is shown in Table 5.115.
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1 Time constants (in seconds) of filters for gyroscopes (Tgyr_1 zupt (code
0x62), Tgyr_2 zupt (code 0x62)), accelerometers (Tacc_1_ zupt (code
0x63), Tacc_2 zupt (code 0x63)), horizontal and vertical speeds (T_zupt
(code 0x58)), which are used to detect stops of a carrier object. The
default value of every parameter is shown in Table 5.115.

1 Threshold Gyro_3_zupt (code 0x64) for filtered gyros signal that allows
thel NS t o keep t hderindicarties pbfect jarikdoe oscillations.
For this purpose, please set Gyro_3_zupt value greater than allowed
angular rate of carrier object at its stop. Usually Gyro_3 zupt = 4 deg/s is
enough threshold. To exclude this feature, please set the Gyro_3_zupt
value the same as for Gyro_2_ zupt (this is the default value of the
parameter; see Table 5.115).

1 STD_Vh_zupt (code 0x60), STD_Vv_zupt (code 0x60) i Noise standard
deviation of horizontal and vertical virtual velocity measurements. The
default value of each parameter is shown in Table 5.115.

1 Switch Freeze PV (code 0x64) allows the user to freeze the INS position
and to zero INS velocity output at stop detected (ZUPT mode). Be careful
because the INS loses sensitivity to the slow motion of the carrier object
at such freezing. The default value of the Freeze_PV parameter is shown
in Table 5.115.

1 Freeze_orientation ( code 0x65) allows the user to freeze the INS
orientation when immobility is detected (ZUPT, ZARUPT mode). Be
careful because the INS loses sensitivity to the slow orientation motion of
the carrier object at such freezing. The default value of the
Freeze_orientation parameter is shown in Table 5.115.

Notes:

The Tunnel guide feature fits only for fixed-axle land vehicles like a car.

The ZUPT and ZARUPT features should be disabled for certain applications where

it is known the system will never be stationary, such as marine or airborne

applications.

3. The ZUPT, ZARUPT, and Tunnel Guide features can be used simultaneously with
aiding data input.

4. The INS algorithm of operation with the odometer already includes the Tunnel

guide and ZUPT, so it is not necessary to switch on these options separately.

N =
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Table 5.115. The default values of ZUPT, ZARUPT, and Tunnel Guide parameters

Parameter | Default value
Algorithm switch
ZUPT Disabled
ZARUPT Disabled
Tunnel _guide Disabled
Thresholds
Gyro_1 zupt 0.05 deg/s
Gyro 2 zupt 0.05 deg/s
Gyro 3 zupt 0.05 deg/s
Accel_zupt 0.15 m/s2
Vh_zupt 0.15m/s
Vv_zupt 0.15m/s
Filter time constants
Tgyr 1 zupt 0.16 s
Tgyr 2 zupt 0.20 s
Tacc 1 zupt 20s
Tacc_2 zupt 0.4s
T zupt 0.1s
Virtual measurement noise
STD_Vh_zupt 0.1 m/s
STD_Vv_zupt 0.1 m/s
STD_Vh tg 1.5m/s
STD Vv tg 0.3 m/s
ZARUPT STDw 0.02 deg/s
Center of rotation
ro_tg 0 m for right, forward, and
vertical directions
Switch for freezing INS output at stop
Freeze PV Disabled
Freeze orientation Disabled
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5.7.7. Switching Off/On the GNSS Receiver Data Input to INS Algorithm

The Inertial Labs INS allows switching off/on the GNSS receiver input to the INS
algorithm during the INS operation since firmware version 2.6.0.6. This feature can
be used to check INS operation at GNSS outage. Please note that the receiver is
not physically disconnected, and the INS unit continues transferring GNSS data to
output independent of whether the GNSS receiver input to the INS algorithm is
switched on or off.

1 To switch the GNSS receiver off during the INS operation, the command
GNSS _switch off (code Ox 7Rayilnoade fii el d) shou

1 To switch the GNSS receiver on during the INS operation, the command
GNSS switch on (code O0x71 in the fAPayl oado f

Exact structure of these commands is shown in Appendix B.

After receiving the GNSS_switch_off command, the INS unit does not use GNSS
data in its calculations. The INS indicates this by setting the number of satellites
used in navigation solution, #So0lnSVs, to zero in output data package.

GNSS_info2 field of INS output data package contains true information about GNSS
data (see Table 5.8). If the necessary number of GNSS satellites is available, then
fiSolution statuso of the GNSS_info2 field indicates AGNSS solution is computedo
independent of sent command GNSS_switch_off or GNSS_switch_on.
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5.8. Acceleration Compensation at Object Swaying

It is possible to increase the INS orientation accuracy at the carrier object swaying if
linear acceleration is compensated at the place of the INS mounting. For this
purpose, please set coordinates of the INS mounting relative to the center of the
object swaying (usually this is object center of gravity). Reference point of the INS
unit is its accelerometer mass-center (see Fig. 3.11, Fig. 3.12).

The user can set coordinates of the INS mounting relatively to a center of the
objects swaying using and directly via parameter 0x7B INS_mounting_lever (see
Table 5.99).

Note: If INS operates with firmware version up to 3.3.0.1, the coordinates can be set with
LoadINSpar command (see Table 5.82, bytes #29-34).

5.9. Calibration of the Inertial Labs INS on Hard and Soft Iron

The Inertial Labs INS software allows compensation of hard and soft iron effects of
the carrier object on the heading determination accuracy. For this purpose, field
calibration of the INS magnetometers is provided. When using external magnetic
compass (SAMC), the hard/soft iron calibration is the same as for INS
magnetometers.

Note: The INS do not require calibration of its magnetometers or SAMC on hard/soft iron
if it is disabled by the parameter 0x59 Use_mags (see Table 5.99).

Inertial Labs utilizes several types of field calibration depending on the carrier object
type:

3D calibration

2D-2T calibration

2D calibration

VG3D calibration (since firmware version 2.6.2.2)

On-the-fly VG3D calibration (since firmware version 2.6.2.2)
Automatic 2D and 3D calibration (since firmware version 3.4.3.0)

=2 =2 =42 A2 4 4

The following commands are used for INS calibration:

1 Start3DClIlb
1 StartVG3DCIb
1 Start2D2TClIb
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Start2DClb
Startual bRun
Stopual bRunN
FinishClb
AcceptClb

ClearClb

ExitClb

GetClbRes
StartVG3Dclb_flight
StopVG3Dclb_flight
StopMagAutoClb
ResumeMagAutoClb

=4 4 4 45 45 A2 A5 433 3 2 3

These commands have the byte structure shown in Table 5.2. Payload for all
commands has a length of 1 byte and contains code of the command. See Appendix
B for examples of these commands.

5.9.1. Start3DCIb Command for INS 3D Calibration

The 3D calibration is designed for carrier objects that can operate in full heading,
pitch, and roll ranges. At this calibration, the carrier object should be rotated in
these three ranges.

To start the 3D calibration, the host computer sends to the INS the Start3DCIb
command (code O0x23 i n folowed byi&megslage avithothe folock | d )
of parameters listed in Table 5.116. This message has the byte structure shown in
Table 5.2 and should be sent without pause after sending the Start3DCIb command.

Table 5.116. Payload of the message following the Start3DClb, StartVG3DClb, Start2D2TClb , and Start2DCIb
commands (block of parameters loaded to the INS)

Byte Parameter Format |Length | Note
0oT 3 Reserved uint8 4
47 5 Time of data accumulation in | uintle |2 Seconds

one run

61 9 Latitude float 4 Degrees
101 13 | Longitude float 4 Degrees
14T 17 | Altitude float 4 Meters
1817 21 | Date (Year, Month, Day) float 4 Year + (Month-1)/12 + (Day-1)/365
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The INS calculates the checksum of received parameters and returns it for a
checking. Byte structure of this message is shown in Table 5.2, where payload is
the calculated checksum (2 bytes).

Then the INS begins the process of initial alignment, which usually takes 30
seconds. This process includes the INS gyros bias estimation; therefore, do not
move the INS during its initial alignment. If this requirement is disregarded, large
errors in orientation angles calculation may occur.

Note: If the device starts while moving or if, for some other reason, it is impossible to
achieve absolute stationarity at the start, you should set the initial alignment time
to 0 seconds to skip initial alignment. However, in such a case, INS dynamic
accuracy may be decreased. The user can do it directly via parameter 0x04
Init_align_time (see Table 5.99).

After completing the initial alignment, the INS gives out the block of initial alignment
data (see the Section 5.4) and starts data accumulation during time specified in the
message sent after the Start3DClb command (see Table 5.116).

During the INS data accumulation, the object should be rotated in full azimuth, pitch,
and roll ranges. For example, the object is rotated in the horizon plane (the Z-axis is
up) with periodical stops at each 90 degrees for tilting in pitch and roll. After full 360
deg rotation, the object with the INS is turned over (the Z-axis is down) and the
procedure described above should be repeated. During this calibration, the range of
changing pitch and roll angles must be as high as possible.

Note: There is estimation of 3D calibration quality in terms of possible INS heading
accuracy. To allow this possibility, it is necessary to include additional rotation of
the INS with the carrier object in the horizon plane at about 360 degrees or more
with pitch and roll near the horizon level. Acceptable pitch and roll change can be
set using PR_threshold parameter (code 0x81).

Calibration accuracy can be obtained after embedded 3D calibration without an
additional rotation in the horizon plane. To use this option, the PR_threshold
parameter (code 0x81) must be set to 90 degrees. However, in this case, the
estimation of calibration accuracy may be less accurate since the INS uses the
same data used at calibration.

After set accumulation time is reached or the StopCIbRun command is sent to the
INS (see Section 5.9.2 for details), the INS finishes data accumulation and
calculates the calibration parameters.

After calculation of the calibration parameters (which takes <0.5 seconds), the INS
gives out a message with the calibration results (see Table 5.117). It then awaits
one of the following commands:
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1 The AcceptClb command (see Section 5.9.3) to accept and save the
cali bration parameters (usually i f the
message is nonzero and corresponds to satisfactory INS heading
accuracy (see Table 5.117 and Note below it));

1 Or the ExitClb command. See Section 5.9.4 to exit from the calibration
procedure without accepting and saving its results (usually if the
ACal i bration successo byte in the I NS
corresponds to non-satisfactory INS heading accuracy (see Table 5.117
and Note below it)).

The INS answers on these commands with checksum and then goes to idle mode.

Table 5.117. Payload of the INS message after calibration is completed

Byte Parameter Format | Length Note

0 Type of calibration uint8 1 1 for 2D calibration

2 for 2D-2T calibration
3 for 3D calibration

5 for VG3D calibration

1 Number of used calibration runs | uint8 1

2 Percent of used data points uint8 1 for 2D and 3D calibrations only

3 Calibration success uint8 1 07 calibration is not successful
>0 1 calibration is successful
(see note below)

47 39 Matrix for soft iron correction float 9*4 Matrix Tm_c (3% 3) by rows

39 7 51 | Matrix for hard iron correction float 3*4 Matrix Hm_0 (33 1)

Note: There is an estimation of the calibration quality i a predicted error in terms of INS
heading accuracy. So,t he nonzero value of byte #3 nCa
predicted maximum heading error of the INS after calibration, in degrees*10. For
example, byte #3 equal to 5, it corresponds to the INS accuracy in range 0.5 deg.
If calibration is successful but the INS cannot estimate predicted accuracy, it
returns byte #3 equal to 255.

59.2. St opddl KC&umand

After receiving the Stopal bRun c¢commathedNS( c o
early stops data accumulation in the calibration run before set accumulation time is
reached.

The calibration procedure then continues in the same way as after set accumulation
time was reached.
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5.9.3. AcceptClb Command

=]
T

The AcceptClb command (code Ox2E in the
calibration parameters and to save them to the INS nonvolatile memory. This
command can be used at the end of the calibration procedure.

On this command, the INS answers and calculates the checksum of the message
(without its header and checksum) and returns it for a checking. Byte structure of
this message is shown in Table 5.2, where payload is the calculated checksum (2
bytes).

5.9.4. ExitClb Command

The ExitClb command (code OxFE in the dPa\
calibration without any calculations in the INS and without saving any calibration
parameters. The INS stops working in operating mode and goes into idle mode.

On this command, the INS answers and calculates the checksum of the message
(without its header and checksum) and returns it for a checking. Byte structure of
this message is shown in Table 5.2, where payload is the calculated checksum (2
bytes).

5.9.5. StartVG3DClb Command for INS VG3D Calibration

Since firmware version 2.6.2.2, the INS provides VG3D calibration. VG3D
calibration is designed for carrier objects that can operate in full heading, pitch, and
roll ranges. VG3D calibration is similar to 3D calibration but allows performing
simpler rotation than is necessary for 3D calibration.

To start VG3D calibration, the host computer sends the StartVG3DClb command
(code O0x25 in t heo thié@ PNSyodllowaddby a messagedwith block of
parameters listed in Table 5.116. This message has the byte structure shown in
Table 5.2 and should be sent without pause after sending the StartVG3DCIb
command.

The INS calculates the checksum of received parameters and returns it for a
checking. Byte structure of this message is shown in Table 5.2, where payload is
the calculated checksum (2 bytes).

Then the INS begins the process of initial alignment, which usually takes 30

seconds. This process includes the INS gyros bias estimation; therefore, do not
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move the INS during its initial alignment. If this requirement is disregarded, large
errors in orientation angles calculation may occur.

Note: If the device starts while moving or if, for some other reason, it is impossible to
achieve absolute stationarity standing at the start, you should set the initial
alignment time to 0 seconds to skip initial alignment. In such a case, INS dynamic
accuracy may be decreased. The user can do it using parameter 0x04
Init_align_time (see Table 5.99).

After completing the initial alignment, the INS gives out the block of the initial
alignment data (see the Section 5.4) and starts data accumulation during time
specified in the message sent after the StartVG3DCIlb command (see Table 5.116).

During the INS data accumulation, the object should be rotated in full azimuth range
and maximum possible pitch and roll ranges. Allowed object motion should be
agreed with Inertial Labs.

Note: There is an estimation of VG3D calibration quality in terms of possible INS heading
accuracy. In order to allow this possibility, it is necessary to perform additional
rotation of the INS within a carrier object in the horizon plane to about 360 or more
with pitch and roll near to zero. Acceptable pitch and roll change can be configured
using the PR_threshold parameter (code 0x81).

Calibration accuracy can be obtained after embedded VG3D calibration without an
additional rotation in the horizon plane. To use this option, the PR_threshold
parameter (code 0x81) must be set to 90 degrees. However, in this case, the
estimation of calibration accuracy may be less accurate since the INS uses the
same data used at calibration.

After set accumulation time is reached or StopClbRun command is sent to the INS
(see Section 5.9.2 for details), the INS finishes data accumulation and calculates
the calibration parameters.

After calculation of the calibration parameters, which takes <0.5 seconds, the INS
gives out a message with the calibration results (see Table 5.117) and awaits one of
the following commands:

The AcceptClb command (see Section 5.9.3) to accept and save the calibration

parameters (usually i f the fACalibration su
and corresponds to satisfactory INS heading accuracy (see Table 5.117 and note

below it));

Or the ExitClb command (see Section 5.9.4) to exit from the calibration procedure

wi t hout accepting and saving its results (
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the INS message is equal to O or corresponds to non-satisfactory INS heading
accuracy (see Table 5.117 and note below it)).

The INS answers on these commands with checksum and then goes to idle mode.

5.9.6. Start2D2TCIlb Command for INS 2D -2T Calibration

The 2D-2T calibration is designed for objects that operate in full azimuth range but
with limited range of pitch and roll angles. This calibration procedure involves a few
full 360 deg rotations of the object in azimuth with different pitch angles.

Note: To achieve an acceptable calibration result, it is recommended to change the Pitch
angle in every run on maximum possible value (at least on 15 degrees).

To start the 2D-2T calibration, the host computer sends the Start2D2TCIlb command
(code 0x22 in t htwthda NS, fdlovaddby a mhasswadednjth the block
of parameters listed in Table 5.116. This message has the byte structure shown in
Table 5.2 and should be sent without pause after sending the Start2D2TClb
command.

The INS calculates the checksum of received parameters and returns it for a
checking. Byte structure of this message is shown in Table 5.2, where payload is
the calculated checksum (2 bytes).

Set the object to the first pitch angle (usually the minimum pitch angle is set first).
Then send the StartCIbRun command, followed by message (see Section 5.9.7) to
start the first run of the calibration.

After receiving the StartCIbRun command with its message, the INS calculates the
checksum of the received block of parameters and returns it for checking. This
checksum should be equal to the checksum in the StartClIbRun command message
that was sent to the INS. Byte structure of this message is shown in Table 5.2,
where payload is the calculated checksum (2 bytes).

The INS then starts process of initial alignment that takes usually 30 seconds. This
process includes the INS gyros bias estimation, therefore d o n 0 t mo v a@urihgh e |
its initial alignment. If this requirement disregarded, large errors in orientation
angles calculation may occur.

Note: If the device starts while moving or if, for some other reason, it is impossible to
achieve absolute stationarity standing at the start, you should set the initial
alignment time to 0 seconds to skip initial alignment. However, in such a case, INS
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dynamic accuracy may be decreased. The user can do it using the command 0x04
Init_align_time (see Table 5.99).

After completing the initial alignment, the INS gives out the block of the initial
alignment data (see Section 5.4) and starts data accumulation during time specified
in the message sent after the Start2D2TClb command (see Table 5.116). User
should rotate object in azimuth with approximately constant pitch and roll. This
rotation must include one or more full 360 deg turns. Please be sure to correct the
time required for such rotation in the «Time of data accumulation» field of the
message (Table 5.116) to provide necessary rotation.

After set accumulation time is reached or the StopCIbRun command is sent to the
INS (see Section 5.9.2 for details), the INS gives out a message with result of the
calibration run (see Table 5.118).

I f the fACalibration successo byte is zero
answer (Table 5.118), then this run will be excluded from calculations in the 2D-2T
calibration procedure. To complete this procedure, it is necessary to perform at
least two successful runs with essentially different pitch angles.

Table 5.118. Payload of the INS message after each calibration run of the 2D -2T calibration

Byte Parameter Format | Length Note
0 Type of calibration uint8 1 2 for 2D-2T calibration
1 Calibration run uint8 1 1, 2, é
2 Percent of used data points uint8 1
3 Calibration success uint8 1 0 T unsuccessful
>0 1 successful (see note below)
471 7 Reserved float 4
8T 11 Average pitch, deg float 4
127 15 | Average roll, deg float 4
16 T 27 | Reserved float 3*4
28T 29 | USW uintl6 2 See Section 5.11

Note: There is an estimation of the calibration quality as predicted in terms of INS
heading accuracy. So nonzero value of byte
maximum (3 sigma) heading error of the INS after calibration, in degrees*10. For
example, byte #3 equal to 5 corresponds to the INS accuracy £0.5 deg. If
calibration is successful but the INS cannot estimate predicted accuracy, it returns
byte #3 equal to 255.

After each completed calibration run, the INS sends a message with payload shown
in Table 5.118 and awaits one of the following three commands from the host
computer:
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1. StartCIbRun command followed by its message (see Section 5.9.7) to start a
new calibration run. Before sending this command, the object should be turned
to the next pitch angle. After sending this command, the above described
procedure of the calibration run with object rotation in heading should be
performed.

2. EinishClb command (see Section 5.9.8 for details) to finish the calibration
procedure and calculate calibration parameters. After this command, the INS
gives out a message with the calibration results (see Table 5.117) and awaits
one of the following two commands:

a. The AcceptClb command (see Section 5.9.3) to accept and save the
calibration parameters (usually if the fCalibration successo byte in the
INS message is nonzero and corresponds to satisfactory INS heading
accuracy (see Table 5.117 and note below it));

b. Or the ExitClb command (see Section 5.9.4) to exit from calibration
procedure without accepting and saving its results (usually if the
fiCalibration success0 byte in the INS message is equal to 0 or
corresponds to non-satisfactory INS heading accuracy (see Table 5.117
and note below it)).

The INS answers on these commands with checksum and then goes to idle
mode.

3. ExitClb command (see Section 5.9.4), which ends the calibration without any
calculations in the INS and without saving any calibration parameters. The INS
answers on this command with checksum and then goes into idle mode.

Notes:
1. Rotation of the object with the INS in heading must include one or more full 360

deg turns. Please be sure to correct the time required for saving data in the
«Accumulation time» window to attain necessary rotations.

2. During calibration run, pitch and roll angles should be approximately constant.

3. If the location of the INS mounting on the object is changed, or if the object is
changed, then the INS should be recalibrated on the hard and soft iron of this
object.
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5.9.7. StartCIbRun Command

If the calibration procedure includes more than one run (like 2D-2T calibration), then
the StartClbRun command ( coddis Ose®tB startreach h e
run.

For unification with different types of calibration, the StartCIbRun command must be
followed by a message with the block of parameters listed in Table 5.119. However,
for the 2D-2 T cal i brati on, the values of t hos e
bytes may be any (for example, zeros). The only requirement is that this message
should have the byte structure shown in Table 5.2 and should be sent without pause
after sending the StartCIbRun command.

Table 5.119. Payload of the message following after the StartClbRun command
(block of parameters loaded to the INS)

Byte Parameter Format Length Note
0oT 3 Reserved float 4
471 5 Reserved uintl6 2

After receipt of the StartCIbRun command, the INS calculates the checksum of
received parameters and returns it for a checking. This checksum should be equal
to the checksum in the StartCIbRun command message that was sent to the INS.
Byte structure of this message is shown in Table 5.2, where payload is the
calculated checksum (2 bytes).

5.9.8. FinishClb Command for INS 2D -2T Calibration

Af ter receiving the FinishClb commanhdINGEcod
finishes the calibration procedure with multiple runs (like 2D-2T) and calculates the
calibration parameters. The INS then gives out a message with the calibration
results (see Table 5.117).

The INS then awaits one of the following commands:

1 The AcceptClb command (see Section 5.9.3) to accept and save the
calibration parameters.

1 Or the ExitClb command (see Section 5.9.4) to exit from the calibration
procedure without accepting and saving its results.
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5.9.9. Start2DCIb Command for INS 2D Calibration

The 2D calibration is designed for carrier objects that operate in full azimuth range
but with small pitch and roll angles (not more than a few degrees). This calibration
procedure involves full 360 deg rotation of the carrier object in azimuth. During this
rotation, pitch and roll angles must be as close to zero as possible.

To start the 2D calibration, the host computer sends the Start2DClb command (code
Ox21 in the 0 Roatlyel INSa tbllowell byed rdessage with the block of
parameters listed in Table 5.116. This message has the byte structure shown in
Table 5.2, and should be sent without pause after sending the Start2DClb
command.

The INS calculates the checksum of received parameters and returns it for a
checking. Byte structure of this message is shown in Table 5.2, where payload is
the calculated checksum (2 bytes).

The INS then begins the process of initial alignment, which usually takes 30
seconds. This process includes the INS gyros bias estimation; therefore, do not
move the INS during its initial alignment. If this requirement is disregarded, large
errors in orientation angles calculation may occur.

Note: If the device starts while moving or if, for some other reason, it is impossible to
achieve absolute stationarity standing at the start, you should set the initial
alignment time to 0 seconds to skip initial alignment. However, in such a case, INS
dynamic accuracy may be decreased. The user can do it directly via parameter
0x04 Init_align_time (see Table 5.99).

After completing the initial alignment, the INS gives out the block of the initial
alignment data (see the Section 5.4) and starts data accumulation during time
specified in the message sent after the Start2DClb command (see Table 5.116).
User should rotate the carrier object in azimuth with pitch and roll angles as close to
zero as possible. This rotation must include one or more full 360 deg turns. Please
be sure to correct the time required for such rotation in the «Time of data
accumulation» field of the message (Table 5.116) to provide necessary rotation.

After set accumulation time is reached or StopCIbRun command is sent to the INS
(see Section 5.9.2 for details), the INS finishes data accumulation and calculates
the calibration parameters.

After calculation of the calibration parameters, which takes <0.5 seconds, the INS
gives out a message with the calibration results (see Table 5.117) and awaits one of
the following commands:
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1 The AcceptClb command (see Section 5.9.3) to accept and save the
cali bration parameters (usually i f the
message is nonzero and corresponds to satisfactory INS heading
accuracy (see Table 5.117 and note below it));

1 Or the ExitClb command (see Section 5.9.4) to exit from calibration
procedure without accepting and saving its results (usually if the
ACal i bration successo byte in the I NS
corresponds to non-satisfactory INS heading accuracy (see Table 5.117
and note below it)).

The INS answers on these commands with checksum and then goes to idle mode.

5.9.10. ClearClb Command

The ClearCl b command (code Ox 2F I n t he
parameters of the hard and soft iron calibration from the INS nonvolatile memory.

—

The INS answers on this command. The INS calculates the checksum of the
message (without its header and checksum) and returns it for a checking. Byte
structure of this message is shown in Table 5.2, where payload is the calculated
checksum (2 bytes).

User should clear parameters of the soft and hard iron calibration if uninstalling the
INS from object, to avoid incorrect azimuth determination with standalone INS.
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5.9.11. GetClbRes Command

The Get Cl bRes command (code Ox2A i nfromthe nF
host computer to check the last calibration results of the INS. As answer on this
command, the INS sends out the message with the similar data block as after
completion calibration (see Table 5.120).

Table 5.120. Payload of the INS answer on request GetClbRes about calibration results

Byte Parameter Format | Length | Note

0 Type of calibration performed uint8 1 07 INS is not calibrated
171 2D calibration

21 2D-2T calibration

31 3D calibration

571 VG3D calibration

6 1 Automatic calibration
>0x80 T INS calibrated by
loading calibration parame-
ters from other software
(e.g., GUI software)

1 Number of used calibration runs uint8 1

2 Reserved uint8 1

3 Calibration success uint8 1 0 T not successful calibration
>0 T successful calibration
(see Note below)

47 39 Matrix for soft iron correction float 9*4 Matrix Tm_c (32 3) by rows

3971 51 Matrix for hard iron correction float 3*4 Matrix Hm_0 (33 1)

Note: There is estimation of the calibration quality as predicted INS heading accuracy.
Therefore, nonzer o value of byte #3 ACali bration
sigma) heading error of the INS after calibration, in degrees*10. For example, byte
#3 equal to 5 corresponds to the INS accuracy +0.5 deg. If calibration is successful
but INS cannot estimate predicted accuracy, it returns byte #3 equal to 255.
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5.9.12. StartVG3Dclb_flight and StopVG3Dclb_flight Commands for Start
and Finish INS On-the-fly VG3D Calibration

Since firmware version 2.6.2.2, the INS provides on-the-fly VG3D calibration. It
allows calibration of the INS unit during INS ordinary operation without interruption
of INS navigation data calculation and output.

To start the on-the-fly VG3D calibration, the host computer sends the
StartVG3Dclb_flight command to the INS (see Appendix B):

AA 55 00 00 07 00 26 2D 00
Note: These are hexadecimal numbers but not ASCII text symbols.

After receipt of this command, the INS starts accumulation of magnetometers data
for VG3D calibration. At this, the bit #7 is set to 1 in INS status word USW for
indication of data accumulation process (see Fig. 5.6 and Section 5.11).

The carrier object with the INS unit should be rotated in full azimuth range with
maximum possible pitch and roll ranges. For example, an airplane should perform at
least two full 360 deg coordinated turns (on the right and on the left) with maximum
roll angles.

After completion of calibration rotation of the carrier object, it is necessary to send
the StopVG3Dclb_flight command (see Appendix B):

AA 55 00 00 07 00 27 2E 00
Note: These are hexadecimal numbers but not ASCII text symbols.

After receipt of this command, the INS stops data accumulation for VG3D calibration
and sets the USW bit #7 to O (see Fig. 5.6).

The INS then starts calculations for VG3D calibration and sets USW bit #7 to 1
again. After these calculations, if calibration is successful, the INS calculates
calibration parameters for compensation of hard and soft iron and stores them to
INS nonvolatile memory. Additionally, the INS sets the USW bit #15 to 1 to inform
the host system that on-the-fly VG3D calibration has been performed and was
successful (see Fig. 5.6). If this calibration was estimated as unsuccessful, then the
USW bit #15 is set to 0.
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Fig. 5.6. The diagram of indication of on  -the-fly VG3D calibration process
in the USW (Unit Status Word, see Section 5.11)

During all data accumulation and performance of necessary calibrations, the INS
unit continues its operation, calculates, and outputs the navigation data.

Note: After calculation of parameters of on-the-fly VG3D calibration they are being used
for compensation of the carrierdéds hard and
INS flash memory untilINSuni t i s stopped by sending th
00 00 07 00 FE 05 01, see Section 5.3.3). If INS unit is stopped by power off, then
parameters of on-the-fly VG3D calibration cannot be stored to the INS flash
memory. In the last case at the next run INS unit should be calibrated again.

Once calibration parameters are stored to INS nonvolatile memory, they will be
applied at all of the INS operations until a new calibration is performed or until
parameters are cleared using the ClearClb command (see Section 5.9.10).

On the other hand, if the INS unit is uninstalled from the carrier object, it is
necessary to clear parameters of the soft and hard iron calibration using the
ClearClb command (see Section 5.9.10).

Parameters of the on-the-fly VG3D calibration can be checked after the INS stops
using the GetCIbRes command (see Section 5.9.11).

Note: There is an estimation of on-the-fly VG3D calibration quality related to potential
INS heading accuracy. To enable this functionality, it is necessary to perform an
additional 360° rotation of the INS with the carrier object in the horizontal plane
after sending the StopVG3Dclb_flight command. Make sure to maintain pitch and
roll near the horizon level. The PR_threshold parameter (code 0x81) can be used
to set an acceptable pitch and roll threshold for this procedure. The estimated
accuracy value can be viewedhe-t hyomgy UDD a:c
data type (code 0x9A).
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5.9.13. Automatic Calibration of Magnetometers

Since firmware version 3.4.3.0, the INS provides automatic 3D calibration of INS
magnetometers during INS ordinary operation without interruption of INS navigation
data calculation and output. In contrast to the on-the-fly VG3D calibration, automatic
calibration is being performed at all times during INS run. As for VG3D calibration, it
is necessary that the carrier object changes its heading, pitch, and/or roll during run.
Additionally, since INS firmware version 3.4.3.3, it is possible to perform automatic
2D calibration of magnetometers.

Automatic 2D or 3D calibration is allowed only if magnetometers are not used for
INS heading correction in the current INS run. Therefore, only the following variants
of INS heading correction are acceptable for INS automatic calibration of
magnetometers (see parameter 0x58 H_corr_type in Table 5.99): Dual GNSS and
Inertial.

To allow automatic calibration of magnetometers, set parameter 0x84 Mag_auto_clb
to 1 for 2D or to 2 for 3D calibration (see Table 5.99).

Automatic calibration is in progress when GNSS data is available and heading
correction is started. Parameters of this calibration are applied immediately for
compensation of the carrierbés hard and sof
data loss, this compensation is continued using the last estimated parameters of
calibration.

Automatic calibration can be stopped during INS run by sending the
StopMagAutoClb command (see Appendix B):

AA 55 00 00 07 00 3B 42 00

This action makes sense when the rest of the INS unit run is estimated to be in a
poor magnetic environment (such as the landing of UAV).

Since INS firmware version 3.4.8.8 the automatic calibration can be stopped and
resumed multiple times during INS run. Send the ResumeMagAutoClb command
(see Appendix B) to resume the automatic calibration:

AA 55 00 00 07 00 3A 41 00

Important: For UAV with catapult launching (if Catapult_start parameter is on (see Table
5.99, parameter code 0x5E)) the automatic calibration of magnetometers is
stopped in the beginning of INS run to avoid influence of the large ferrous
environment of a catapult launcher on INS magnetometers. So, at
Catapult_start parameter is on, it is necessary to send the
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ResumeMagAutoClb command to start the automatic calibration of
magnetometers.

Parameters of automatic calibration of magnetometers will be saved to the INS flash
memory after the INS unit is stopped by using Stop command (see Section 5.3.3). If
the INS unit is stopped by power off, then parameters of automatic calibration
cannot be stored to the INS flash memory.

5.9.14. Choice of Set of INS Calibration Parameters

The INS has several procedures designed to perform different variants of
magnetometers calibration on hard and soft iron of the carrier object. In its flash
memory, the INS keeps four sets of calibration parameters for magnetometers. The
user can choose one of them for the next INS operation using the LoadINSpar_RAM
command to change parameter Ox7E InitClbType, then the SavelNSpar_FLS
command to save parameters from RAM to flash memory (see Section 5.3.13).

Parameter InitClbType specifies a set of hard/soft iron calibration parameters for the
next INS start (see Table 5.99):

1 Last INS Clb i Parameters of the last calibration of magnetometers
1 Factory Clb i Factory calibration parameters;

M1 2D-2T, 3D, VG3D, 2D Clb i Parameters calculated after one of these
calibrations

M Previous Auto Clb 7 Parameters calculated in the end of automatic
calibration

Notes:

1. Parameter InitClbTypei s set automatically -2To3DaGAD,opr |
2D Cl bo or APrevious Auto Clbo after each

ALast I NS Clalcapy of parameétersaof the last performed calibration.
AFactory Clbo parameters correspond to
hard and soft iron. User can switch InitCIbTypet o A Fact or yhe @Gkrb o
wants the INS to work with magnetometers without calibration on hard and soft iron

w N

butdoesndédt want to clear <calibration paramet

4. After cleaning of ma
| NS CIl b2T,, AxXD, VG3DRndiAi>XD e@limbau,s Aut o CIl bo
and parameter InitClbTypei s set to AFactory Cl bo.
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5.10. INS Automatic Start

Since firmware version 1.0.2.0, the Inertial Labs INS Automatic Start is
implemented, which allows start of its operation and data output after power on
without any command from the host computer. It is possible to choose desirable
output data format for auto start (see Section 5.2).

The auto-start option can be enabled or disabled via the parameter 0x07 AutoStart
(see Table 5.99) since INS firmware version 3.3.0.1.

1 If the auto-start option is enabled, then the following operations take
place after the INS power on:

M Initialization of the on-board GNSS receiver and IMU, which takes
approximately 15 seconds. The INS LED indicator lights yellow.

1 The INS then automatically starts operation by sending out the message
AA 55 01 XX 08 00 00 00 YY YY (in hexadecimal format) where XX is the
command code that corresponds to the output data format with which the
INS started (see matching Table 5.81). YY YY is the checksum of this
message (the arithmetical sum of bytes 2 to 7; LSB is transmitted first).
The INS LED indicator changes color to green.

1 The initial alignment procedure then starts when initial orientation angles
are calculated, and gyros bias is estimated for its next compensation.
Therefore, do not move the INS during the initial alignment process. If this
requirement is disregarded, large errors may occur in the 231alculation of
orientation angles.

Note: Default time of the initial alignment is 30 seconds. If the device starts
while moving or if, for some other reason, it is impossible to achieve
absolute stationarity standing at the start, user should set the initial
alignment time to 0 seconds to skip initial alignment. However, in such a
case, INS dynamic accuracy may be decreased. The user can change
the initial alignment time directly by parameter 0x04 Init_align_time (see
Table 5.99).

1 After completing the initial alignment, the INS produces a message with a
block of the initial alignment data (see Section 5.4) and starts data output
according to the chosen data format. The INS LED indicator lights green.

1 Valid INS position and velocity data appear only after the on-board GNSS
receiver starts output navigation data. The receiver requires 50 seconds
after power on for this fcold starta

Note: To identify the INS output data format at auto-start mode, use the message
identifier in the data block structure (see Table 5.2, byte #3), which is equal to the
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command code and corresponds to data format according to Table 5.81. This is
implemented in the INS firmware since version 2.1.2.0.

To stop the INS, send the Stop command (see Section 5.3.3). After receiving the
Stop command, the INS stops data calculation and goes into idle mode. The INS
LED indicator changes its color to red. The INS is then ready to receive any
command from the host computer.

5.11. The Unit Status Word Definition

The Unit Status Word (USW) provides the INS state information. The low byte (bits
O 7 7) of USW indicates failure of the INS. If the byte is 0, the INS operates
correctly; if it is not O, see Table 5.121 for the type of failure. The high byte (bits 8 i
15) either contains a warning or is informative for the user. Status of each bit of the
USW warning byte is specified in Table 5.121.

Note: All bits of USW high byte have information for the user or contain a warning. They
do not stop device operation but can affect the accuracy.

Table 5.121. The unit status word description

Byte Bit Parameter Description
01 Successful initial alignment
0 Initial alignment 17 Unsuccessful initial alignment due to INS movement or a

large change in the outer magnetic field.

01 Correct operation

1171 Incorrect data appeared at calculations
07 No failure

17 Failure detected

07 No failure

17 Failure detected

07 No failure

17 Failure detected

07 No failure

17 Failure detected

07 No failure

171 Failure detected

17 during data accumulation and calculation
01 otherwise

07 Supply voltage is not less than minimum level
Incorrect power 17 Low supply voltage detected

supply 01 Supply voltage is not greater than maximum level
17 High supply voltage detected

07 X-angular rate is within range

11 X-angular rate is out of range

071 Y-angular rate is within range

17 Y-angular rate is out of range

12 01 Z-angular rate is within range

1 Software status

2 Gyroscope unit

Low byte 3 Accelerometer unit
(failure)

4 Magnetometer unit

5 Electronics

6 GNSS receiver

7 On-the-fly calibration

High byte
(warning) 10

Angular rate
11 | exceeding detect
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171 Z-angular rate is out of range
Large magnetic field 01 Total magnetic field is within the normal range

13

detect 11 Total magnetic field limit is exceeded
14 Environmental 07 Temperature is within the operating range
temperature 11 Temperature is out of the operating range

07 No on-the-fly calibration

15| On-the-fly calibration 171 Successfully calibrated during current run

Notes:

1. If hardware error occurs, then all USW bits become equal to 1. If so, before running
the device again it should be power cycled. Also, hardware error can be detected
with LED indicator when it blinking red or yellow (see Section 5.12).

2. Bit #0 (Unsuccessful initial alignment) is set to 1 (failure) if even one of the next
actions took place during process of initial alignment:

A Angular motion is detected (if gyroscope detects INS orientation change greater
than the set threshold). The default threshold is 0.2 deg. It can be changed by
Init_align_gyro_threshold parameter (see code 0xDO in Table 5.99).

A Magnetic disturbance is detected (if span of measured magnetic field exceeded
threshold). The default threshold is 10000 nT.

If initial alignment failure occurs, the device should be power cycled and restarted

to allow proper initial alignment (device must be static during the initial alignment

process).

3. Bit #1 (Software status) is set to 1 (failure) if incorrect data (NaN, INF) appeared at
calculations.

4. Bit #2 (Gyroscope unit) is set to 1 (failure) in the following cases:

A At initial alignment: if gyro data are unreasonably stable (if span of measured
angular rate is less than threshold). The default threshold is different for different
IMUs, contact Inertial Labs specifying device serial number to get the necessary
information.

A At INS operation: if more than 10 gyro packages in the row are skipped.

A At INS operation: if gyro unit reports about its failure.

If gyroscope unit failure occurs at the initial alignment, the device continues to

output the data, but the Inertial Labs cannot guarantee the accuracy specified in

the datasheet. INS should be power cycled to provide the best possible
performance.

5. Bit #3 (Accelerometer unit) is set to 1 (failure) in the following cases:

A At initial alignment: if accelerometer data are unreasonably stable (if span of
measured acceleration is less than threshold 0.1 mg).

A At initial alignment: if module of measured acceleration is less than threshold 0.1

g.

A At INS operation: if more than 10 accelerometer packages in the row are
skipped.

A At INS operation: if accelerometer unit reports about its failure.

If accelerometer unit failure occurs at the initial alignment, the device continues to

output the data, but the Inertial Labs cannot guarantee the accuracy specified in

the datasheet. INS should be power cycled to provide the best possible

performance.
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6. Bit #4 (Magnetometer unit) is set to 1 (failure) in the following cases:

A At initial alignment: if measured total magnetic field is less than threshold 2000
nT.

A If INS do not receive magnetometer data.

If magnetometer failure occurs, the device should be power cycled to provide high-

accuracy performance.

7. Bit #5 (Electronics) is set to 1 (failure) if 3.3V stabilized voltage is out of range
(3.0 ¢é 3.4) V.

The electronics failure resets if the 3.3V stabilized voltage sets to the range.

8. Bit #6 (GNSS receiver) is set to 1 (failure) if receiver logs were skipped more than
5 times in the row.

The GNSS receiver failure resets if the INS algorithm gets the solution from the
GNSS receiver.

9. Bit #8 f[Incorrect power supply (low voltage) is set to 1 (warning) if supply voltage
is less than minimum level. The default minimum voltage is 9V. It can be increased
by the Voltlmin parameter (see code OxC1 in Table 5.99).

10. Bit #9 (Incorrect power supply (high voltage) is set to 1 (warning) if supply voltage
is greater than maximum level. The default maximum voltage is 36V. It can be
decreased by the Voltlmax parameter (see code OxC1 in Table 5.99).

11. Bit #13 (Large magnetic field detect) is set to 1 (warning) if measured total
magnetic field exceeded threshold. The default threshold is 80000 nT.

12. Bit #14 (Environmental temperature) is set to 1 (warning) if measured temperature
isoutofrange (-4 0 é 8 0)

13. If any USW bit is set to 1, the INS continues its operation and output data.

Additional Unit Status Word USW?2 contains information about the state of other INS
sensors and the status of INS additional operations, see Table 5.122.

Note: All bits of USW2 high byte have information for the user or contain a warning. They
dondét stop device operation but can affect

Table 5.122. The unit status word USW?2 description

Byte Bit Parameter Description

01 X-acceleration is within the range
171 X-acceleration is out of range

07 Y-acceleration is within the range
171 Y-acceleration is out of range

01 Z-acceleration is within the range
171 Z-acceleration is out of range

3 Baro altimeter 0 ! No. fallur N

Low byte 17 Failure is detected

07 No failure

171 Failure is detected

1 | Acceleration exceeding detect

4 Differential pressure sensor

5 Automatic 2D calibration of 07 Not active
magnetometers 17 In progress
6 Automatic 3D calibration of 07 Not active
magnetometers 17 In progress
7 GNSS receiver input to the INS 01 Switched on
Inertial Labs, a VIAVI Solutions Company 234

www.inertiallabs.com



https://inertiallabs.com/

- |
{/InertialLabs GPS-Alded INS

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

algorithm 11 Switched off
8 Differential pressure input to the 01 Switched on
INS algorithm 171 Switched off
9 Reserved
10 | GNSS position validity (1).'. Va“d.
. I Invalid
High byte 11 | Reserved
12 | Reserved
13 | Reserved
14 | Reserved
15 | Reserved
Notes:

1. Bit #3 (Baro altimeter) is set to 1 (failure) if even one of the ADU status bits #0, 2,
4 or 8 is equal to 1 (see Table 6.5).

2. Bit #4 (Differential pressure sensor) is set to 1 (failure) if even one of the ADU
status bits #1, 3, 5 or 9 is equal to 1 (see Table 6.5).

3. Bit #10 (GNSS position validity) is set to 1 (warning) if the INS detects distortion
like multipath, jamming, spoofing, or meets other issues. INS rejects such GNSS
data.

4. If any USW2 bit is set to 1, the INS continues its operation and output data.

5.12. LED indicator status lights

The color and behavior of an embedded LED indicator can be used to see current
INS status or interpret appeared error. Table 5.123 gives details on the meanings of
the LED states.

Table 5.123. LED behaviors with assigned meanings

Color Behavior Description
Off The device is not powered
Solid The device is in idle moqle (waits for any command from the host
computer to start operation)
Blinking Hardware error (hard fault). In operational mode the device

continues data output (see note 2 below)

IMU initialization error. After blinking the device switches to idle
mode, and the LED lights solid red. If so, then it is still possible to
send commands to the device and receive answers, but excluding
commands of operation start

Solid System initialization in progress

Hardware error (non-maskable interrupt, NMI). In operational mode
the device continues data output (see note 2 below)

Yellow System initialization error (error of parameter reading from flash
memory or error of a GNSS receiver initialization). After blinking the
device switches to idle mode, and the LED lights solid red. If so,
then it is still possible to send commands to the device and receive

Red

Blinking for 5 seconds

Blinking

Blinking for 5 seconds
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answers, but excluding commands of operation start
Green Solid The device is in operating mode

Notes:

In case of any errors, before running the device it should be power cycled.

If hardware error (hard fault or NMI) occurred during the device run, then the
payload bytes of the chosen data format will be replaced by OxFF and the data rate
switches to 4 Hz. Also, hardware error can be detected with USW where all bits
become equal to 1.

N =

5.13. Post-processing of the INS and GNSS Data

For applications requiring highly accurate post mission position, velocity, and
orientation, the INS and GNSS data post-processing can be used. This feature is
provided by NovAtel software (see http://www.novatel.com/products/software/). For
such post-processing, the raw GNSS and raw IMU data should be used.

The INS uses its COM-ports (COM2 or COM3) for output of the raw GNSS receiver
data (see Section 5.13.1). A separate GNSS_Reader program can be used to record
these data.

5.13.1. Raw GNSS Receiver Data

Raw GNSS data consist of necessary logs for post-processing. Notice that the data
structure for different GNSS receiver types is individual.

1 For the NovAtel receiver, a raw data structure is provided in Section
5.13.1.1.

1 For the u-blox receiver, a raw data structure is provided in Section
5.13.1.2.

1 For the Septentrio receiver, a raw data structure is provided in Section
5.13.1.3.

Note: Contact Inertial Labs specifying device serial number to get the necessary
information.
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5.13.1.1. NovAtel GNSS receiver Raw Data

There are synchronous and asynchronous logs. The data for synchronous logs are
generated with set frequency. To output the most current data as soon as they are
available, asynchronous data are generated at irregular intervals. A full list of
generated logs is shown in Table 5.124. As an option, the user can select a minimal
set of raw GNSS data shown in Table 5.125.

Table 5.124. Logs of raw GNSS data logs supported by the NovAtel receiver

Log

| Description

Asynchronous

CLOCKSTEERING

Clock steering status

GLOCLOCK GLONASS clock information
ALMANAC Decoded GPS Almanac
GPSEPHEM Decoded GPS ephemerides
RAWALM Raw Almanac data
RAWEPHEM Raw ephemeris
RAWGPSSUBFRAME Raw subframe data
RAWCNAVFRAME Raw CNAYV frame data
RAWGPSWORD Raw navigation word
GLOALMANAC Decoded GLONASS Almanac
GLOEPHEMERIS Decoded GLONASS ephemeris
GLORAWALM Raw GLONASS Almanac data
GLORAWEPHEM Raw GLONASS ephemeris data
GLORAWFRAME Raw GLONASS frame data

GLORAWSTRING

Raw GLONASS string

MARK2PQS (See note below)

Position at time of mark input event

MARK2TIME (See note below)

Time of mark input event

BDSEPHEMERIS

Decoded BeiDou ephemeris

GALINAVEPHEMERIS

Decoded Galileo INAV ephemeris

GALFNAVEPHEMERIS

Decoded Galileo FNAV ephemeris

HEADING2

Heading data (INS-D only)

Synchronous

CLOCKMODEL Current clock model status

TIMESYNC Synchronize time between GNSS receivers
TIME Time data

RANGE Satellite range information

RANGEGPSL1 L1 version of the RANGE log

TRACKSTAT Tracking status
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Table 5.125. Minimal set of raw GNSS data logs supported by the NovAtel receiver

Log | Description
Asynchronous
RAWEPHEM Raw ephemeris
GLOEPHEMERIS Decoded GLONASS ephemeris
BDSEPHEMERIS Decoded BeiDou ephemeris
GALINAVEPHEMERIS Decoded Galileo INAV ephemeris
GALFNAVEPHEMERIS Decoded Galileo FNAV ephemeris
QZSSEPHEMERIS Decoded QZSS parameters
MARK2PQS (See note below) Position at time of mark input event
MARK2TIME (See note below) Time of mark input event
Synchronous
RANGECMP | Compressed version of the RANGE log (satellite range information)

Note: MARK2POS and MARK2TIME logs are not used in post-processing, but they can
be added to the raw GNSS data if input marks are enabled. These logs appear
when a pulse is detected on the mark input pin (see Section 4.5). Also, these logs
are adding to the raw GNSS data ONLY if this raw data is requested through the
INS COM2 port.

5.13.1.2. u-blox GNSS receiver Raw Data

Table 5.126 shows a full list of generated logs of raw GNSS data. As an option, the
user can select a minimal set of raw GNSS data shown in Table 5.127.

Table 5.126. Logs of raw GNSS data supported by  the u-blox receiver

Log Description
RAWX Multi-GNSS raw measurements. This message contains pseudorange, Doppler,
carrier phase, phase lock and signal quality information for GNSS satellites once
signals have been synchronized. This message supports all active GNSS. Additionally,
this information can be used to generate a RINEX 3 multi-GNSS observation file.
SFRBX Broadcast navigation data subframe. This message reports a complete subframe of
broadcast navigation data decoded from a single signal. The number of data words
reported in each message depends on the nature of the signal.

MON-RF The antenna supervisor status and other RF status information.

NAV-STATUS Receiver navigation status.

UBX-TIM-TM2 Time mark data. This message contains information for high precision timestamping /
(See note below) pulse counting.

Table 5.127. Minimal set of raw GNSS data logs supported by the u-blox receiver

Log Description
RAWX Multi-GNSS raw measurements. This message contains pseudorange, Doppler,
carrier phase, phase lock and signal quality information for GNSS satellites once
signals have been synchronized. This message supports all active GNSS. Additionally,
this information can be used to generate a RINEX 3 multi-GNSS observation file.
SFRBX Broadcast navigation data subframe. This message reports a complete subframe of
broadcast navigation data decoded from a single signal. The number of data words
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reported in each message depends on the nature of the signal.

UBX-TIM-TM2

(See note below)

Time mark data. This message contains information for high precision timestamping /
pulse counting.

Note:

UBX-TIM-TM2 log is not used in post-processing, but it can be added to the raw

GNSS data if input marks are enabled. This log appears when a pulse is detected
on the mark input pin (see Section 4.5). Also, this log is adding to the raw GNSS
data ONLY if this raw data is requested through the INS COM2 port.

5.13.1.3. Septentrio GNSS receiver Raw Data

Table 5.128 shows a list of generated logs of raw GNSS data.

Table 5.128. Logs of raw GNSS data supported by

the Septentrio receiver

Log Description

MeasEpoch GNSS measurements (observables)

MeasExtra Extra information associated with the measurements contained in the MeasEpoch
block

GEORawL1 The 250 bits of a SBAS L1 navigation frame

GPSNav The decoded navigation data for one GPS satellite

GPSlon The decoded ionosphere data (the Klobuchar coefficients)

GPSUtc The decoded UTC data

GLONav The decoded ephemeris data for one GLONASS satellite

GLOTime The decoded non-immediate data related to the difference between GLONASS
and GPS, UTC and UT1 time scales

GALNav The following decoded navigation data for one Galileo satellite: orbital elements
and clock corrections; health, Signal-In-Space Accuracy (SISA) indexes and
Broadcast Group Delays (BGDs) for each carrier or carrier combinations

GALlon The decoded ionosphere model parameters of the Galileo system

GALUtc The decoded UTC parameter information

GALGstGps The decoded GPS to Galileo System Time offset parameters

GEONav The decoded navigation data transmitted in SBAS message type 9

BDSNav The decoded navigation data for one BeiDou satellite

BDSlon The BeiDou ionosphere data (the Klobuchar coefficients)

BDSUtc The BeiDou UTC data

QZSNav The decoded navigation data for one QZSS satellite

DiffCorrin Incoming RTCM or CMR messages

ExtEvent(See note below) Time of mark input event

ExtEventPVTGeodetic Position at time of mark input t

(See note below) pu even

Note: ExtEvent and ExtEventPVTGeodetic logs are not used in post-processing, but they

can be added to the raw GNSS data if input marks are enabled. These logs appear
when a pulse is detected on the mark input pin (see Section 4.5). Also, these logs
are adding to the raw GNSS data ONLY if this raw data is requested through the

INS COM2 port.
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5.14. Synchronization of INS Data with LIDAR and
Other Devices

Synchronization of the Inertial Labs INS measurements with data from other devices
IS very important in many applications. The INS can trigger other devices or an
external device can trigger the INS measurements.

5.14.1. Synchronization Pulses Issued by INS

To trigger external devices, the Inertial Labs INS outputs an accurate pulse per
second (PPS) signal generated by the on-board GNSS receiver. The PPS signal is
provided by appropriate pin of the INS main connector (see Table 4.1). See Section
4.4 for details.

Adjustment of the PPS signal (pulse polarity, period, and width) can be done using
the parameter 0x52 PPS_switch, PPS_polarity, PPS_period, PPS_pulse_width (see
Table 5.99), since INS firmware version 3.3.0.1.

5.14.2. Trigging of INS by External Devices

The Inertial Labs INS output data can be accessed on request by the Request
command. For this purpose,t he | NS wunit should be starte
demand) mode. The INS will send one data block after each Request command
issued from the host computer. See Section 5.3.2 for details.

5.14.3. Synchronization of INS Data with LIiDAR

For Inertial Labs INS operation with LIiDAR, it is necessary to make the following
connections:

1 Use INS COM1 port for output of the main INS data;

1 Use INS COM2 port for output of GNSS raw data or NMEA data set
generated by INS onboard GNSS receiver;

f Connect INS COMS3 port for output of $XXRMC messages issued by INS
onboard GNSS receiver to LIDAR;

1 Connect pulse-per-second (PPS) signal generated by INS onboard GNSS
receiver to LIiDAR,;
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1 Optionally, for camera synchronization, connect the mark input (MARK IN
pin) line for input signal from camera to trigger-specific GNSS receiver
data.

Note: Mark input is not supported for the INS unit equipped by u-blox GNSS
receiver with firmware version under 1.32. Contact Inertial Labs
specifying device serial number to get the necessary information.

These data and signals are available on the main INS connector (see Section 4).
The user can configure INS data and signals using appropriate commands since
INS firmware version 3.3.0.1 (see Section 5.3.13).

5.15. Change of the Main COM Port Baud Rate

COM1 is the main system COM-port. It is used for commands and data transfer
between the Inertial Labs INS and the host computer.

The default baud rate for the INS COM1 port is set to 115200 bps. The user can
change the baud rate using the COM1_bps parameter (code 0x01).

Note: To maintain the proper connection and data transfer, ensure that the baud rate for
the host computer's and INS's COM ports is set to the same value.
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5.16. Limitation of the INS Maximum Output Data Rate

When setting the output data rate for the INS unit, it is essential to ensure the
chosen baud rate of the main COM-port is capable of handling the data throughput
with desirable data rate. The maximum data rate (in Hz) can be calculated using the
baud rate and data package length:

COM _baud_rate
max_data_rate = = 5.1

bits_per_byteé package_lenc

Where:

1T COM_baud rate is COM port baud rate (bits/s);

1 bits_per_byte = 11 (10 bits per one transferred byte of data + 10%
overhead);

1 package_length is payload length of chosen output data format (for binary
data package_ length = payload length plus 8 bytes of overhead).

Note: The maximum data rate of INS data is limited by 200 Hz.

Since firmware version 3.2.0.0, the INS can only output at data rates that are factors
of 200 (1, 2, 4, 5, 8, 10, 20, 25, 40, 50, 100, and 200 Hz). Calculated maximum data
rates using equation (5.1) must be rounded down to the nearest factor of 200 that is
listed above. The actual values of the maximum data rates calculated in this way for
each output data format shown in Table 5.129.

Table 5.129. INS maximum data rate for different output data formats

Data COM-port baud rate, bps
Output data format ﬁzﬁ';?r?e 9600 | 19200 | 38400 | 115200 | 230400 | 460800 | 921600

bytes' Maximum data rate, Hz
INS Sensors Data 84+8 8 10 25 100 200 200 200
INS OPVT 92+8 8 10 25 100 200 200 200
INS QPVT 94+8 8 10 25 100 200 200 200
INS OPVT2A 101+8 8 10 25 50 100 200 200
INS OPVT2AW 103+8 5 10 25 50 100 200 200
INS OPVT2AHR 129+8 5 10 20 50 100 200 200
INS OPVTAD 177+8 4 10 10 50 100 200 200
INS Minimal Data 42+8 10 25 50 200 200 200 200
INS OPVT & Raw IMU Data| _ 90+8 5 10 40 100 200 200 200
INS OPVT GNSSext 186+8 4 8 10 50 100 200 200
SPAN_rawimu 72 20 25 50 100 200 200 200
INS NMEA 93 8 10 25 100 200 200 200
INS Sensors NMEA 141 5 10 20 50 100 200 200
INS NMEA Set 265 max | 2 5 10 25 50 100 200
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BESTPOS, BESTVEL, and 244 2 5 10 40 50 100 200
PSRDOP

Cobham UAV 200 Satcom 128 5 10 25 50 100 200 200
NAV440 39 20 40 50 200 200 200 200
XDR 56 10 25 50 100 200 200 200
INS PVA Estimate 100 8 10 25 100 200 200 200
GPGGA+GPRMC+GPHDT 189 4 8 10 50 100 200 200

Notes:

1. The INS unit controls correctness of the data rate setting. If user sets a data rate
that exceeds the limit shown in Table 5.129, then its value is corrected. True data
rate is given out in byte #3 of the INS message after completing the initial alignment
procedure (see Section 5.4, Table 5.103, Table 5.105).

2. Lengt h IN$ PMAIE®imdtieomessage may change from 69 bytes to 133 bytes.
This table shows INS maximum data rate for ANS PVA Estimate0 me ssage si z
bytes.

The data rate value can be set using the parameter 0x02 Data_rate (see Table
5.99).

Note: If INS operates with firmware version up to 3.3.0.1, the data rate value can be set
with LoadINSpar command (see Table 5.82, bytes #0-1).

5.17. Navigation solution status

The Navigation solution status indicates the quality of INS horizontal position and
velocity calculation and what data were used to get the navigation solution. This
status can be requested using the UDD output format, which includes this status as
a data type (code 0x54).

Table 5.130. Navigation solution status  (UDD data type # 0x54)

Value Description
0 Navigation solution is good
1 Navigation solution is satisfactory; KF convergence is in progress
2 Device started at absence of GNSS solution; it is still absent, and no other aiding data were
received
3 GNSS data are available but heading correction did not start yet. Possible reasons:

- vehicle speedisnothighenough (at Al ntgpe)ti al 0 correction
- dual-antenna position did notyetr each Al nt-egee am@mbr gowiriyntedya
ambiguity solutionodo (tgpe). ADual GNSSO correct.i
Note: If the device is receiving external heading, the navigation solution is good in the above

cases.
4 Device is operating in autonomous mode (without GNSS or any other aiding data)
5 Device is operating without GNSS data but with other external aiding data
6 Device froze position and velocity calculation because the time of autonomous operation
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exceeded the set maximum time

7 Zero velocity update (ZUPT) is applied to navigation solution if stop is detected at absence of
GNSS data

8 Navigation solution is invalid

The INS operates with some features if the Navigation solution status is not zero:

1 At Nadvigation solution status0 e qu al to 3, ohhfh@NSE NS ou
position and velocity.

1 At Ndvigation solution statusd0 e q u al to 6, the I NS fr
velocity output after time of INS autonomous operation (without GNSS
data or any other aiding data) exceeds maximum time.

1 At Ndvigation solution statusd0 e g u adr 6, the INR calculates
orientation using the AHRS or Vertical Gyro algorithm depending on
whether magnetometer data is enabled.

Additionally, since firmware version 3.2.2.7, the fi s i migavigation solution statuso
iIs added to output data in OPVT2A, OPVT2AW, OPVT2AHR, and OPVTAD data
formats to indicate good or poor INS data. A good solution means the INS Kalman
filter converged, and the INS outputs valid position, velocity, and orientation data.

A poor solution is set in one of the following cases:

1 If the INS started at absence of valid GNSS data, until these data appear.

1 At absence of valid GNSS data during a prolonged time that exceeds the
maximum time of INS autonomous operation.

T Al ner t i al oheading aorreation i$ MtSbut the carrier object did
not reach yet the necessary speed to start using the track angle.

1 If INS-D uses dual-antenna GNSS heading as reference, but valid GNSS
heading did not appear after INS start.

M INS solution is invalid.

The A s i mipaligation solution status6 i s combined with the i
value in the above | isted out put d at Aavigaton mautican . I
statuso0 poer,t hen 100 i s added to the val Wethef t

followings i mpl e f or mu |l aNavigatiog sotutiofi statusd:l e
If fAAngles posi,tion typeo < 100

t hen A dlaviggiionesolution statuso 1 s . @tleewise, it is poor.
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5.18. Altitude Status

The Altitude status indicates the quality of the INS vertical position and velocity
calculation, and what data was used to get this solution. This status can be
requested using the UDD output format, which includes this status as a data type
(code 0xDO0).

Table 5.131. Altitude status (UDD data type # 0xDO)

Value Description

Altitude is good

Altitude is satisfactory; KF convergence is in progress

Reserved

Reserved

Device calculates altitude in autonomous mode (without GNSS or any other aiding data)
Device calculates altitude without using GNSS or pressure sensor data but using other external
aiding data

Device froze altitude and vertical velocity calculation because the time of autonomous operation
exceeded the set maximum time

7 Zero velocity update (ZUPT) is applied to altitude calculation if stop is detected at absence of
GNSS or pressure sensor data

8 Altitude is invalid

QAW INF| O

»

Notes:

1. INS altitude is good if the INS uses a GNSS receiver or internal pressure sensor
data for altitude correction.

2. At altitude status equal to 6, the INS freezes altitude and vertical velocity output
after the time of INS autonomous operation (without GNSS data or any other aiding
data) exceeds maximum time.

5.19. Timestamp s in INS Messages

The Inertial Labs INS provides internal and output data synchronization. If the GPS
reference time status is fine (see Table 5.25), then INS uses 1PPS signal from the
onboard GNSS receiver for data synchronization and for adjustment of the INS
processor clock. When the GPS reference time status is not fine, then the INS uses
its processor system timer for data synchronization.

Al I NS output data in the fAContinuouso a
accurate timestamps (see Section 5.2). There are three variants of timestamps for
INS output data:

1 GPS INS Time is time of INS solution, in milliseconds from the beginning
of the GPS reference week.
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1 GPS INS Time (round) is time of INS solution, in milliseconds from the
beginning of the GPS reference week, rounded to 1000/(output data rate).

1 GPS IMU Time is time of the last IMU data package, in milliseconds from
the beginning of the GPS reference week.

Resolution of these timestamps is 1 nanosecond. However, these timestamps can
appear in INS output data in seconds, milliseconds, or nanoseconds, depending on
output data format.

GPS INS Time is the most accurate timestamp. It corresponds to time of IMU data
acquisition, so calculated INS position, velocity, and orientation are conjunct to this
time point. Its use is recommended for post-processing of INS data and for high-
dynamic applications, where accurate timestamps are very important.

GPS INS Time (round) is more convenient for use and comparison of INS and other
device data. GPS time of INS solution in milliseconds is rounded to 1000/(output
data rate) value. For example, timestamps of 200 Hz data are rounded to 5
milliseconds step, and timestamps of 50 Hz data are rounded to 20 milliseconds
step.

GPS IMU Time is subsidiary time. It is the time of the last IMU data package
received. Because the IMU clock differs from the GPS clock, the GPS IMU Time
drifts relative to GPS INS time. The INS calculates this drift and takes it into account
when processing IMU data.

Before firmware version 3.2.4.1, the INS output only round timestamps in most of
output data formats, e x c e pt Al NS OPVT & Raw | MU Dat a
which included accurate timestamps necessary for post-processing. Since INS
firmware version 3.2.4.1, the user can choose a variety of timestamps in output

data. This can be done using the parameter Ox5D time_stamp (see Table 5.99),

since INS firmware version 3.3.0.1.

Al s o, i n AUser Def i n,ahee uderacanacbhoose arty pfiaboveftloreae ma t
variants of INS timestamps (see Section 5.2.12, Table 5.30).
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5.20. Grid Reference Systems

Since firmware version 3.5.3.4, it is possible to calculate the position of the INS in
various Grid Reference Systems (GRS). The available GRS options include UTM
(Universal Transverse Mercator projection), IGRS (Indian Grid Reference System
projection), and UDGRS (User-defined GRYS).

To select a specific GRS, you need to modify the Grid_ref_system parameter (see
code 0x10 in Table 5.99) using the LoadINSpar RAM command. The calculated
coordinates can then be output through the UDD (refer to the fiGrid headingo (0x0D)
and fPosition in GRS0(0xB2) data types in Table 5.30).

Notes:

1. When selecting the IGRS option, it is important to ensure that the Latitude_of_origin,
Longitude_of origin, FE_LambertlSP, FN_LambertlSP, and SF_LambertlSP
settings are correctly configured for the IGRS origin (see parameter code 0x11 in
Table 5.99). Refer to the details provided here for more information on these
settings.

2. When selecting the UDGRS option, it is necessary to set the appropriate zone
settings. See Section 5.20.1.

5.20.1. User Defined Grid Reference System
The desired UDGRS settings can be defined with the following commands:

1 AddZone UDGRS;
1 Read UDGRS;
1 Clear UDGRS.

The byte structure of these commands is shown in Table 5.2. The payload for each
command is 1-byte length and contains the command code. Refer to Appendix B for
the detailed structure of these commands.

5.20.1.1. AddZone_UDGRS Command

The AddZone_UDGRS command (code OxBC in the Payload field) is used to load
the block of the INS parameters (which are available for changing by user) into the
INS nonvolatile memory. After sending the AddZone_UDGRS command, the block of
the INS parameters must be sent to the INS in the message shown in Table 5.2,
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with payload shown in Table 5.132. This message should be sent without pause
after sending the AddZone_UDGRS command.

Note: Only one set of zone settings can be configured at a time. The maximum number of
stored zones is up to 250.

The INS calculates the checksum of received parameters and returns it for a
checking. The byte structure of this message is shown in Table 5.2, where payload
is the calculated checksum (2 bytes).

Table 5.132. Payload of the message following after the ~ AddZone_UDGRS command (block of parameters for
loading to the INS)

Byte Parameter Format | Length Note

0 Index_Zone uint8 1 The zone index. It is automatically assigned in
succession. Setting this value has no effect.

1 Projection uint8 1 0x00 T Transverse Mercator
0x01 7 Lambert 1SP
0x02i Lambert 2SP

21 9 Lat_ min_GRS double 8 The minimal latitude of the zone boundary, in
degrees

107 17 Lat max_ GRS double 8 The maximal latitude of the zone boundary, in
degrees

187 25 Lon_min_GRS double 8 The minimal longitude of the zone boundary, in
degrees

261 33 Lon_max_GRS double 8 The maximal longitude of the zone boundary, in
degrees.

2471 31 a GRS double 8 Equatorial radius, in meters.

3217 39 f GRS double 8 Inverse flattening

4071 47 FE_GRS double 8 False Easting, in meters.

487 55 FN GRS double 8 False Northing, in meters.

561 63 SF_GRS double 8 Scale factor

641 71 Lat 0 GRS double 8 Latitude of origin, in degrees.

7271 79 Lon_0_GRS double 8 Longitude of origin, in degrees.

80171 87 fil GRS double 8 Latitude of 1% standard parallel, in degrees.

881 95 fi2 GRS double 8 Latitude of 2" standard parallel, in degrees.

9671 99 dx helmert float 4 Helmert translation X, in meters.

1007 103 | dy helmert float 4 Helmert translation Y, in meters.

10471 107 | dz_helmert float 4 Helmert translation Z, in meters.

10871 115 rx_helmert double 8 Helmert rotation X, in arcseconds.

116171 123 ry_helmert double 8 Helmert rotation Y, in arcseconds.

12471 131 | rz_helmert double 8 Helmert rotation Z, in arcseconds.

1327 135 | s helmert float 4 Helmert Scale factor, in ppm.

1361 144 | name GRS char 9 User-defined name of zone, up to 8 characters.

1457 168 | Reserved uint8 24
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5.20.1.2. Read_UDGRS Command

The Read_ UDGRS command (code O0x BDrahlen5.2ti©re 7
used to read the block of the current UDGRS settings from the INS nonvolatile
memory.

After receiving Read UDGRS command, the INS sends out the message, with
structure according to Table 5.2 and payload shown in Table 5.133.

Table 5.133. Payload of the INS answer on the Read_UDGRS command

Payload
Byte number 0 17 169 1707 338 é é
Zone | Zone total # Zone #1 Zone #2 e Zone #n
Block of Block of
_ The total settings with settings with . .
Description numbgr of the respect to respect to é é
stored zones | aple 5.134 | Table 5.134
Length 1 byte 169 169 é 169
Table 5.134. Block of UDGRS parameters read from the INS for a certain zone
Byte Parameter Format | Length Note
0 Index_Zone uint8 1 The zone index ranges from 1 to 250. It is
automatically assigned in succession during
initialization.
1 Projection uint8 1 0x00 T Transverse Mercator
0x01 1 Lambert 1SP
0x02 1 Lambert 2SP
271 9 Lat min_GRS double 8 The minimal latitude of the zone boundary, in
degrees
1071 17 Lat_ max GRS double 8 The maximal latitude of the zone boundary, in
degrees
187 25 Lon_min_GRS double 8 The minimal longitude of the zone boundary, in
degrees
261 33 Lon_max_GRS double 8 The maximal longitude of the zone boundary, in
degrees.
2471 31 a GRS double 8 Equatorial radius, in meters.
327 39 f GRS double 8 Inverse flattening
4071 47 FE GRS double 8 False Easting, in meters.
481 55 FN GRS double 8 False Northing, in meters.
561 63 SF GRS double 8 Scale factor
641 71 Lat 0 GRS double 8 Latitude of origin, in degrees.
7271 79 Lon_0 GRS double 8 Longitude of origin, in degrees.
8071 87 fil GRS double 8 Latitude of 1% standard parallel, in degrees.
881 95 fi2_GRS double 8 Latitude of 2" standard parallel, in degrees.
961 99 dx_helmert float 4 Helmert translation X, in meters.
1007 103 | dy helmert float 4 Helmert translation Y, in meters.
1047 107 | dz_helmert float 4 Helmert translation Z, in meters.
10871 115 | rx helmert double 8 Helmert rotation X, in arcseconds.
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1161 123 | ry_helmert double 8 Helmert rotation Y, in arcseconds.

1247 131 | rz_helmert double 8 Helmert rotation Z, in arcseconds.

13271 135 | s helmert float 4 Helmert Scale factor, in ppm.

1367 144 | name GRS char 9 User-defined name of zone, up to 8 characters.
14571 168 | Reserved uint8 24

5.20.1.3. Clear_UDGRS Command

The Clear UDGRS command (code 0 x BTablei5m®) i$ he
used to clear previously written UDGRS parameters from the INS nonvolatile
memory.

The INS answers on this command. The INS calculates the checksum of the
message (without its header and checksum) and returns it for a checking. Byte
structure of this message is shown in Table 5.2, where payload is the calculated
checksum (2 bytes).
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6. External Sensors Integration

6.1. Using External GNSS Receiver

Since firmware version 3.2.8.6, it is possible to use an external GNSS receiver with
the INS unit.

6.1.1. Adjustment of the External GNSS Receiver

The external GNSS receiver should have a COM-port with RS-232 interface for
connection to the INS unit. Additionally, it is highly desirable for the external GNSS
receiver to have PPS output.

It is necessary to configure the GNSS receiver COM-port to output data that can be
accepted by the INS unit. There are the following variants of the supported data
from external receivers:

Binary messages from NovAtel receiver;
Binary messages from u-blox receiver;
Binary messages from Septentrio receiver;
1 NMEA messages from any GNSS receiver.

= =2 =2

The optimal variant is binary data because they are more accurate, quicker, and
more complete than NMEA messages.

6.1.1.1. NovAtel external GNSS receiver

To allow INS operating with NovAtel binary messages, the external NovAtel GNSS
receiver should be configured for the output of the following logs:

1 BESTPOS. To request this log, the user must send the following
command to the receiver: log bestposb ontime X , Where X is time
period in seconds between BESTPOS logs.

1 BESTVEL. To request this log, the user must send the following command
to the receiver: log bestvelb ontime X , Wwhere X is time period in
seconds between BESTVEL logs.

1 If a dual-antenna GNSS receiver will be used that allows heading
measurement, then an optional HEADING or HEADING2 logs can be
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requested by appr toghmeadngbeonnevo mm amftbg A
heading2b onnew o

It is desirable to set the same logging period X for BESTPOS and BESTVEL logs.
The lower the logging period set, the better. For example, if the GNSS receiver
supports 20 Hz of logging, then set minimum logging period as 1/20 Hz, or X = 0.05
seconds.

6.1.1.2. u-blox external GNSS receiver

To allow the INS to operate with u-blox binary messages, configure the external
receiver to output the following logs:

1 UBX-NAV-PVT i This block contains the navigation, position, velocity,
time solution.

1 UBX-NAV-DOP 1 This block contains Dilution of Precision (DOP) values.

1 (optional) UBX-NAV-RELPOSNED 1 This block contains relative position
information in the NED (north-east-down) frame. It is applicable only for a
dual-antenna u-blox GNSS receiver.

6.1.1.3. Septentrio external GNSS receiver

To allow the INS to operate with Septentrio binary messages, configure the external
receiver to output the following logs:

1 PVTGeodetic (block number: 4007) T This block contains the GNSS-
based position, velocity, and time (PVT) solution.

1 DOP (block number: 4001) i This block contains both Dilution of
Precision (DOP) values and SBAS protection levels.

71 (optional) AttEuler (block number: 5938) i This block contains the Euler
angles (pitch, roll and heading). It is applicable only for a dual-antenna
Septentrio GNSS receiver.

6.1.1.4. NMEA messages as external GNSS receiver

NMEA messages are universal, and almost all GNSS receivers can output such
messages that make possible connection to any GNSS receiver with RS-232 output
to the Inertial Labs INS unit.
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To allow the INS to operate with NMEA messages, the external GNSS receiver
should be configured for the output of the following messages:

1 GGA (time, 3D position, and fix-related data of the GNSS receiver);

1 RMC (time, 2D position, track made good, and speed data provided by
the GNSS navigation); and

1 HDT (heading provided by dual-antenna GNSS receiver), although it is
not obligatory.

For these NMEA messages, it is highly desirable to set maximum data rate that the
GNSS receiver supports.

6.1.2. Adjustment of the INS Unit for Operations with the External GNSS
Receiver

Connect the RS232 port of the external GNSS receiver to the COM2 port of the INS
unit (see Fig. 4.3 and Table 4.1, pins #8, 15, 16).

Note: It is highly recommended to connect the PPS output of the external GNSS receiver
to pin #5 of the INS connector to improve operation. Check INS is configured for
PPS input (see Section 4.4 for more details about the PPS signal).

The user can configure the INS unit for operations with an external GNSS receiver
using parameters (see Section 5.3.13). The following parameters can be changed
through parameters (Table 5.99):

1 Ext_GNSS_protocol (0x35) T Ext er nal GNSS receiver 0:
input.

1 Ext_GNSS_COM_bps (0x35) i Baud rate of the external GNSS receiver.
Ext_ GNSS_data_rate (0x35) i Rate of the external GNSS data update.

1 Ext_GNSS_INS_port_type (Ox1A) 71 INS port type to input data from
external GNSS receiver.

=

The antenna installation process and its configuration are the same as for INS with
an internal GNSS receiver. See Sections 3.3 and 3.4 for a detailed description.
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6.2. Using External Stand-Alone Magnetic Compass (SAMC)

6.2.1. SAMC Installation

The Inertial Labs INS can be factory-configured to use the external Stand Alone
Magnetic Compass (SAMC) instead of on-board magnetometers to measure
components of the Earth magnetic field.

The SAMC should be firmly mounted to the carrier object. SAMC location and
orientation relative to the INS unit should not change under any circumstances.

The SAMC can be installed with any orientation relative to the INS unit. But once
installed, it is necessary to align the INS axes to SAMC axes. However, If the
procedure of axes alignment cannot be performed, alignment angles can be set
manually via the ExtSensor_AlAngles parameter (code 0x38).

The SAMC should be installed on the carrier object as far as possible from large
ferromagnetic masses of the object and from powerful sources of magnetic,
electrical, and electro-magnetic fields. After the SAMC installation, it is highly
recommended to perform the hard/soft iron calibration of the SAMC magnetometers
with the same procedure as for INS internal magnetometers (see Section 5.9).

The external magnetic compass option can be enabled using the Ext_MC parameter
(code 0x33).

6.2.2. SAMC Connection
There are the following types of supported sensors for use as SAMC:

1 OS3D-FG (see electrical connection in Section 6.2.2.1)
1 miniAHRS (see electrical connection in Section 6.2.2.2)
1 AHRS-10 (see electrical connection in Section 6.2.2.3)

If such sensors were acquired for the use as SAMC intentionally, the Inertial Labs
initially configure them for appropriate work. But the user can configure them
independently as follows:

1 ForOS3D-FGiconfigure the unit to auto out
at 800 Hz and 1000000 bps.
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1 For minitAHRSi conf i gure the wunit to auto out
Hz and 921600 bps.

1 For AHRS-10 i configure the unit to auto output "AHRS Calibrated Data
HRO packets at 200 Hz and 460800 bps,
set to O seconds.

Notes:

1. When using external SAMC, the hard/soft iron calibration is the same as for INS
magnetometers (see Section 5.9).

2. Alignment of the SAMC axes to the INS axes is required before operation.

3. Any change of fAUse external magnetic compa:
power off/on.

6.2.2.1. Connection of OS3D -FG to INS as SAMC

In such a case, pins assigned to Ethernet (see Table 4.1) are used to connect the
OS3D-FG SAMC, as Table 6.1 shows.

1 4
Table 6.1. Diagram of SAMC connection to the Inertial
Labs INS /—f'\\
4-pin OS3D -FG connector 24-pin INS D O
Pin number Description connector,
P pin number 0 G
1 Supply voltage 21
2 Ground 22 V/
3 A-RS-485 23 2 3
4 B-RS-485 24 Fig. 6.1. OS3D-FG connector pinout (mating side)
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6.2.2.2. Connection of miniAHRS to INS as SAMC

In such a case, the pins assigned to the Ethernet (see Table 4.1) are used to
connect the miniAHRS, as Table 6.2 shows.

Table 6.2. Diagram of the miniAHRS connection to the Inertial

Labs INS
10-pin miniAHRS connector 24-pin
(S0 G connector 12345
Pin i : Vi \
number Description (Fig. 4.3)
1 Supply 21 00000
6 Return 22 00000
4 NC - AN 7
5 NC -
9 RS422-TX+ 23 _ o 6728910 _ _
10 RS422-TX- 24 Fig. 6.2. miniAHRS connector pinout (mating
3 NC : side)
7 NC -
2 NC (floating) -
3 NC (floating) -

6.2.2.3. Connection of AHRS -10to INS as SAMC

The AHRS-10 SAMC can be connected to the INS through the J2 auxiliary interface
connector as shown in Table 6.3.

Table 6.3. Diagram of the AHRS -10 connection to the Inertial
Labs INS
12-pin AHRS -10 connector 24-pin connector
Pin number Description (Fig. 4.3)
RS422-A
RS232-RX
RS232-TX
Power
Extinp
1PPS/TOV
RS422-Z 24 (ERHX-)
RS422-Y 23 (ERHX+)
RS422-B
10 LD Fig. 6.3. AHRS-10 connector pinout (mating
11 Ground side)
12 GND 22 (ETHX-)
Note: The AHRS-10 unit should be separately
powered according to its specifications.

O ONO|OBWIN|F-
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6.3. Using External Doppler Radar Sensor (MSO Speed Wedge
MKII)

6.3.1. Connection of a Doppler Radar Sensor

The INS unit supports an MSO Speed Wedge MKII Doppler radar sensor to measure

the vehiclebs true ground speed for dead r e
COM4 lines (see Table 4.1) are used to connect the radar sensor lines, as Table 6.4
shows.

Table 6.4. Diagram of the MSO Speed Wedge MKII Radar Sensor connection to
the Inertial Labs INS

5-pin radar sensor connector 24-pin INS
AT Color Description connector, .
number P pin number 3 6 da

1 Brown Power supply +12V DC should be powered
(<100mA at 12V) separately 4

2 White | Power supply GND 8

3 Blue | Pulse Push/Pull _ i Fig. 6.4. Connector pinout of

4 Black RS232 TX. Sensor Transmit 9 the MSO Speed Wedge MKII
Data Radar Sensor

5 Grey RS232 RX. Sensor Receive 10
Data

The radar sensor 6s configuration par amet e
provided in Section 6.3.2.

6.3.2. Ground Speed Aiding Data Input Through the COM4 Port

The user can configure INS unit to receive data from a Doppler radar sensor via an
appropriate command (see Section 5.3.13). In the last case, the parameters which
specify COM4 port use (parameter code 0x44 in Table 5.99) should be set as
follows:

1 COM4_data var =0xODiTt o set COM4 port to AGrou
1 COM4_data_rate = Ox05 71 to set the frequency 20 Hz of the radar data

input.
T COM4_bps = 0x04 i to set the COM4 baud rate to 19200 bps.
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6.4. Using External IMU (IMU -FI-200)

The INS can be configured to use the fiber optic-based Inertial Measurement Unit
(IMU-FI-200) as an external source of inertial data. In such a case, the external IMU
should be connected to the INS COM4 port.

To do this, it is necessary to modify the External IMU_type parameter (see code
O0x3B in Table 5.99) with LoadINSpar_RAM command.

Note: In such a case, the INS COM4 port is reserved only for the connection of the
external IMU. Any other COM4 usage is unavailable.

6.4.1. Installation of an external IMU

The IMU-FI-200 can be mounted on the object in any known position (upside-down,
upright, etc.) relative to the object axes. Such mounting does not change right
determination of the object orientation if angles of the IMU mounting (alignment
angles) are correctly stored in the INS nonvolatile memory. See description on how
to set these angles in Appendix A.

Important:

1. The axes specified on the IMU-FI-200 case are the main axes of the whole INS
system. Therefore, the alignment angles must be measured from the IMU axes, not
the INS unit axes.

2. For some applications, it is necessary to set the alignment angles of the INS unit
relative to the external IMU. To do this, it is necessary to modify the
ExtSensor_AlAngles parameter (see code 0x38 in Table 5.99) with
LoadINSpar_ RAM command.

3. Position of the GNSS antenna must be measured and then set to INS nonvolatile
memory relative to the center of measurement of the IMU-FI-200, not the INS unit.
Details on antenna installation can be found in Section 3.3 for single antenna
devices and Section 3.4 for dual antenna units. The center of measurement of the
IMU-FI-200 is denoted in the mechanical drawing below, all other dimensions can
be found in the IMU-FI-200 ICD.
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Fig. 6.5. IMU-FI-200 center of measurement
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6.5. Using External Air Data Computer

There is an option to integrate the INS unit with an external Air Data Computer
(ADC) to calculate various air data parameters. The external ADC is equipped with
specific pressure sensors for measuring static and dynamic pressure. These
measurements should be provided to the | NS
(code 0x12) aiding data (see Section 5.7.4).

The INS should be configured to use data from the external ADC. To do this, the
following parameters must be adjusted:

1 Set Pressure_sensors (code 0x95) to 0x01 value (External ADC).
1 Set Air_speed_source (code 0x91) to 0x00 value (External aiding data).
1 Set V_air_cut (code 0x91) to the necessary value.

Note: The baud rate for INS and ADC COM ports should be the same. This ensures
proper data/command transmission.

When connection is established, the following air data can be calculated by INS and
then output through the User Defined Data format (BCHp, CAS, TAS, and ADU data
can also be transmitted through the CAN port, see the description of the Airspeed
and Pressure altitude messages in Section 5.2.19):

Static pressure;

Dynamic pressure;

Static Pressure Over Total Pressure;
Pressure Altitude (Hp);
Baro-Corrected Pressure Altitude (BCHp);
Calibrated Airspeed (CAS);

True Airspeed (TAS);

Mach Number (M);

True Angle of Attack;

Rate of Climb;

Wind Speed,;

Air Density;

Outside Air Temperature (OAT);

Air Data Unit (ADU) status.

=42 =24 4 4 4 4 4 4 4 5 5 5 5 2

See structur e of t hese d a t Tablei 50130 &h® Dable 5.341) r (
data types 0x80 to 0x8D).
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Important:

1. For correctly calculating the above air data, correct static and dynamic pressure
measurement is required i see below notes 2 and 3.

2. The airspeed static pressure port of the external ADC unit must have access to the
ambient external pressure. Additionally, the pressure sensor must not be exposed
to high-speed air streams.

3. To obtain correct dynamic pressure measurements, a correctly installed pitot tube
must be used and its appropriate outputs connected to the external ADC dynamic
and static pressure ports. After installation, its offsets relative to the INS must be
defined with the Ext_data_offset parameter (code 0x2B); see Fig. 6.6.

1]
Pitot tube ™~ o
~Right -
e N _giNS
he J
b

Anténna

" 2

Fig. 6.6.

®

4. Itis recommended to cover the pitot tube with a cap during external ADC start. The
cap can be of any material that would block the free flow of air into the pitot tube. If
the static port can be exposed to wind, it is recommended to cover the static port

as well.
5. Accuracy of calculation of most of the above air data increases significantly at

available GNSS data.

Below are notes about INS onboard calculations for some of the listed air data
above.

Dynamic pressure

To reduce dynamic pressure noise, the low-pass first order filter is used. Its
bandwidth can be changed by the LoadINSpar_RAM command, parameter code
0x27 Diff_press _bandwidth (see Table 5.99). Recommended value is
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Diff_press_bandwidth = 10 Hz. If Diff_press_bandwidth is set to zero, then
dynamic pressure is not filtered.
Measured dynamic pressure is used for calculation of calibrated airspeed (CAS,
see below).
INS outputs dynamic pressure scaled by the Air_speed_SF factor:
Dynamic pressurescaied = Dynamic pressure / Air_speed_SF?
where Air_speed_SF is calculated based on estimation of scale factor error
(Air_speed_SF_error) in the Kalman filter:
Air_speed SF =1 + Air_speed_SF_error
Note: The internal Kalman filter estimates the scale factor error only if its initial
value is set to 0. Otherwise, a fixed value is used. The initial value for
Air_speed_SF_error can be adjusted using parameter 0x3C (see Table 5.99).
Pressure Altitude (Hp)
It is calculated using measured static pressure, according to standard
atmospheric pressure at sea level 101325 Pa.
Baro -Corrected Pressure Altitude (BCHp)
The INS uses measured altitude above a specified vertical datum and
measured static pressure to estimate atmospheric pressure at sea level, which
increases the accuracy of the pressure altitude calculation.
Note: The accuracy can be significantly increasedifai di ng A Ambi ent Air
package is received (see details in note #12 under Table 5.111).
Air Data Computer controls correctness of pressure altitude calculation at
available GNSS data. Pressure altitude is incorrect if its change does not
correspond to the INS altitude change (for example, if the external ADC
pressure sensor has no access to the ambient external pressure, or if the
pressure sensor is exposed to high-speed air streams). If pressure altitude is
detected as incorrect then ADU status bit #8 is set on (see Table 6.5).
User can change parameters of algorithm of pressure altitude correctness
detection (filter time constant Tf bar and Press_alt_correct_threshold) by
directly changing these parameters by command with parameter code 0x28
(see Table 5.99).
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Calibrated Airspeed (CAS) and True Airspeed (TAS)

The INS unit calculates CAS and TAS only if external differential pressure
sensor is chosen as airspeed source in INS parameters. Otherwise, INS waits
for airspeed from external aiding data. If TAS is less than speed threshold
(V_air_cut) then CAS and TAS are replaced by evaluated airspeed based on
INS longitudinal speed and the last known valid wind speed (see Section 6.5.1).
In such a case, the ADU status bit #10 is set to 1 (see Table 6.5).

The airspeed source and the speed threshold can be configured by the
LoadINSpar RAM command, parameter code 0x91 Air_speed source and
V_air_cut (see Table 5.99).

In the case of Air Data Unit (ADU) failure (see ADU status in Table 6.5), the
INS unit outputs evaluated airspeed instead of CAS and TAS.

Air Data Computer controls correctness of CAS and TAS calculation at
available GNSS data. Airspeed is incorrect if the filtered difference between
evaluated airspeed and TAS exceeds the set threshold. Such a situation can
take place, for example, if the airspeed total and static pressure ports of
external ADC unit are not connected correctly. If airspeed is detected as
incorrect then ADU status bit #9 is set on (see Table 6.5).

Users can change the algorithm parameters for speed correctness detection
(filter time constant T_VAIR_LP and Air_speed_correct_threshold) by directly
changing these parameters by command with parameter code 0x92 (see Table
5.99).

INS outputs CAS and TAS scaled by the Air_speed_SF factor:
CASscaled = CAS / Air_speed_SF
TASscaled = TAS / Air_speed_SF

where Air_speed_SF is calculated based on estimation of scale factor error
(Air_speed_SF_error) in the Kalman filter:

Air_speed_SF = 1 + Air_speed_SF_error
Notes:
1. The internal Kalman filter estimates the scale factor error only if its initial
value is set to 0. Otherwise, a fixed value is used. The initial value for

Air_speed_SF_error can be adjusted using parameter 0x3C (see Table 5.99).
2. CAS is scaled using only the initial value of Air_speed_SF.
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Mach Number (M)

Depending on the choice of airspeed source, INS calculates Mach Number
using true airspeed (TAS) calculated onboard or received external airspeed.
The necessary value of the speed of sound is calculated using estimated
outside air temperature (OAT, see below).

INS outputs Mach Number scaled by the Air_speed_SF factor:
Mscaled = M / Air_speed_SF

where Air_speed_SF is calculated based on estimation of scale factor error
(Air_speed_SF_error) in the Kalman filter:

Air_speed SF =1 + Air_speed_SF_error

Note: The internal Kalman filter estimates the scale factor error only if its initial
value is set to 0. Otherwise, a fixed value is used. The initial value for
Air_speed_SF_error can be adjusted using parameter 0x3C (see Table 5.99).

True Angle of Attack

It is calculated if true airspeed (TAS) is greater than speed threshold V_air_cut.
Otherwise, the angle of attack is frozen. This speed threshold can be changed
by command, parameter code 0x91 V_air_cut (see Table 5.99).

Wind Speed

Eastward and northward wind speeds are estimated when external airspeed
aiding data is received, and if one of the following conditions is true: at
available GNSS data or when external position aiding data is received (during
GNSS denied). Otherwise, wind speed estimation is frozen. Also, wind speed
estimation accounts for external wind data if they were received (see Section
5.7.4).

Air Density

Air Density is estimated using measured static pressure estimated outside air
temperature (OAT).

Outside Air Temperature (OAT)

OAT is estimated based on INS internal temperature (T_INS) and offset
T air_offset:
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OAT = T_INS + T_air_offset

The initial value of temperature offset is stored in the INS flash memory. It can
be changed by command, parameter code 0x90 T_air_offset (see Table 5.99).

The accuracy of OAT estimation can be i
package is received (see Section 5.7.4). If the true ambient temperature value

is set in this aiding data package, then the T_air_offset value will be calculated,

and it will be used for OAT estimation.

Table 6.5. The Air Data Unit (ADU) status description

Byte Bit Parameter Performance
e . 07 Successful Initialization
0 Initialization of static pressure sensor | . .. R
171 Unsuccessful Initialization
1 Initialization of differential pressure 01 Successful Initialization
sensor 11 Unsuccessful Initialization
2 Status of static pressure sensor 07 No failure
Low byte P 17 Failure is detected
(pressure 3 Status of differential pressure sensor 0 ! NO. fallu_r N
sensors 11 Failure is detected
status) 4 Static pressure measurement 0 i stat!c pressure is within the range
171 static pressure is out of the range
. : 01 differential pressure is within the range
5 Differential pressure measurement . . .
11 differential pressure is out of the range
6 Reserved
7 Reserved
8 Pressure altitude 0 ! Correct
17 Incorrect
. 07 Correct
9 | Airspeed 11 Incorrect
. 01 Airspeed is above the threshold
H'?:Dbgte 10 Below threshold 11 Airspeed is below the threshold
calculations) 11 Barometric temperature 01 Temperature is within the operating range
P 11 Temperature is out of the operating range
12 Reserved
13 Reserved
14 Reserved
15 Reserved
Notes:
1. ADU data is valid if all bits of ADU status are zero. Otherwise, ADU data are failed.

2. Pressure altitude is incorrect if its change does not correspond to the INS altitude
change (for example, if the external ADC pressure sensor has no access to the
ambient external pressure or if the pressure sensor is exposed to high-speed air
streams).
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3. Airspeed is incorrect if it does not correspond to the INS velocity (for example, if
the airspeed total and static pressure ports of the external ADC unit are not
connected correctly).

4. Correctness of the pressure altitude and the airspeed data is estimated at available
GNSS data only.

5. If barometer temperature exceeds limits -40°C to +85°C then barometer data are
still used by INS though appropriate ADU status bit #11 is set to 1.

6.5.1. Airspeed Evaluator

In case of external differential pressure sensor failure, the INS evaluates airspeed
and associated data (CAS, TAS, Mach Number) using longitude velocity calculated
by itself with account of the last known valid wind speed. So, at detected differential
pressure sensor failure:

1 USW2 bit #4 is set to 1 (see Table 5.122)

1 The INS continues output of CAS and TAS replaced by evaluated
airspeed.

Also, INS replaces CAS and TAS by evaluated airspeed if the Diff_press_switch_off
command is received to switch off the differential pressure sensor data usage of the
external air data computer. In such a case, the INS restores CAS and TAS
calculation wusing the differential pressure sensor data after receiving the
Diff_press_switch_on command. See Section 6.5.2 for details on these commands.

Also, INS replaces CAS and TAS by evaluated airspeed if TAS is less than speed
threshold V_air_cut. In such a case, ADU status bit #10 is set tol (see Table 6.5).

6.5.2. Switching Off/On the Differential Pressure Data Input to Air Data
Computer

The INS allows switching off/on the differential pressure sensor data usage of the
external air data computer during its operation. This feature can be used to check
air data and INS operation at the failure of the differential pressure sensor.

1 To switch the differential pressure sensor off during the INS operation,
the command Diff _ press_switch_ _off (cod
should be sent.

After receiving the Diff_press_switch_off command, the INS do not use
the differential pressure sensor data in air data calculations. The INS
indicates this by setting USW2 bit #8 to 1 (see Table 5.122).
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1 To switch the differential pressure sensor on during the INS operation, the
command Diff _ press_switch_on (code O0x7
be sent.

After receiving the Diff_press_switch_on command, the INS restores
using the differential pressure sensor data in air data calculations and
sets USW2 bit #8 back to 0 (see Table 5.122).

The exact structure of these commands is shown in Appendix B.

6.6. Using External Digital Wind Sensor (FT742 -D-SM)

The Inertial Labs INS can be configured to use the digital wind sensor (DWS model
FT742-D-SM) as an external source of wind data (to receive NMEA MWV logs with
wind speed and wind direction data through COM4. The log structure is shown in
Table 5.114).

To do t hi s, Pt i s necessary to set t he ANM
values for INS COM4 with the COM4_data_var, COM4_data_rate, and COM4_bps
parameters (see code 0x44 in Table 5.99) using the LoadINSpar RAM command.

To maintain communication with the external wind sensor, the default baud rate
assigned to COM4 is 19200 bps. The COM4 data rate should be set to 0 (INS
automatically adapts the data rate to the received data from the wind sensor).

Note: In such a case, the INS COM4 port is reserved only for connecting the external
wind sensor. Any other COM4 usage is unavailable.

6.6.1. Sensor Installation

The FT742-D-SM measures the wind speed and direction in a 2D plane. Therefore,
the sensor cavity surface planes should be parallel to the plane of airflow you want
to measure. Ensure the airflow into the sensor is not obstructed or influenced by
nearby objects. Also, some nearby objects, such as multicopter propellers, can
cause air turbulences, so the sensor should be installed at a sufficient distance to
avoid them.

The wind direction is measured relative to the datum mark on the wind sensor body
(as per Fig. 6.7), so it must be aligned with the drone's forward axis (in the vehicle's
reference frame).
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Fig. 6.7. Wind Direction Reference

When the sensor is installed, its offset values relative to INS should be set for
proper data consumption. To do this, configure the Ext_data_offset parameter (see
code O0x2B in Table 5.99) using the LoadINSpar_RAM command.
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6.6.2. Sensor Connection

Table 6.6. Electrical wiring diagram

FT742-D-SM connector

(Fig. 6.8) INS connector
Pin Description (P 48
number

1 SUPPLY RETURN 2or3or6or7or8

2 SUPPLY INPUT 1

3 RS422-TX- 9

4 RS422-RX- -

5 RS422-TX+ -

6 RS422-RX+ -

7 N/C - Fig. 6.8. Digital Wind Sensor 8 -way multi -pole

8 N/C N connector (mating side)

Wind Sensor INS
pin3 RS422-TX- RS232-RX4 pin9
pinl | SUPPLY RETURN GROUND pin3
= = =
= a c
|_
= 8l ¢
a Q
o
-]
(n —_—
vce GRD
Fig. 6.9. Typical connection scheme
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6.7. Using DTC SDR Radios (RF Ranging Feature)

The INS can be integrated with DTC software-defined radios (SDR) to use time-of-
flight (ToF) signals for RF ranging. These are utilized by the INS filter for position
determination. It is important to note that this option is available only upon
request . When enabled, the INS has an internal datalogger that provides Mission
Computer (MC) functionality.

Using the RF ranging feature, multiple ground station radios (up to 9) can be set up

in various locations within a 30-km radius. The base station radios will form a MESH
net wor k wi t h a UAV radio t hat i nterfaces
configure the raw ToF packets into ranges. These ranges can then be provided to

the INS filter for position determination without the need for GNSS-aiding.

6.7.1. INS Logger Web Panel

The INS Logger Web Panel allows you to configure Mission Computer functionality.
The full description of accessing and working with the web panel is provided in the
INS User Manual, "Appendix |. Using the Internal Data Logger". Here, we highlight
the main settings that should be made for integration with SDR.

To access the necessary settings, use the INS Logger Web Panel -> 6 Ai di ng
tab. The web panel requires information about the known coordinates of ground
nodes wi t h t heir fnode | Do, whi ch shoul d b
possible to handle ranges from up to 9 ground stations.

INS Logger Web Panel Page

Enter Static IP
address of UAV
Status Storage Settings L0q¢ I'adIO fOI’ I NS tD
- 5DR - RF Ranging Aiding Data BStabliSt:l .
Settings connection with the
Enabled: Enabled - MESH netWOﬂ( Qf
) Rover Node Address: [122 | [168 0 L [128 / radios‘
Device
Rover Node Id: |2
L Node ID  Lat (deg) Lon (deg) Alt (m)
ogger 3 91486 T7E18 173262 Enterthe location of
-—‘.\_\ the ground radio
Oz, basg_sta?lons (if
positionis
surveyed).
Aiding Data
Orelse simply
Firmware supply grqund b_ase
radio stations with
GPS.
Fig. 6.10. INS Web Panel, Aiding Data page
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Important:

1. | f positions of the ground radio stati ol
Computer will assume that GNSS NMEA messages are being supplied to the
ground base stations in real-time, which are being transported through the
radi odbs MESH net wor k. To see instructi ol
be provided to ground radio base stati ol
surveyed, see Section 6.7.2.5.

2. The rover node (UAV radio) wil!/ have an
logger must have a static IP on the same network to interface with the radios.
The | oggerés I P settings can be changed

6.7.1.1. Accessing the INS Logger Web Panel Using WiFi

The INS Ethernet port is primarily used to access the web panel. However, the SDR
onboard the UAV will occupy the Ethernet channel. Alternatively, users can access
the web panel page over Wi-Fi. It is important to note that this option is available
only if the datalogger is upgraded to the mission computer in the factory.

At bootup, the INS unit's WLAN server should automatically become operational.

The devicebds hostnamet#ttdmploatweheire MHBENSFE # # #
| ast 6 digits of the devicebds MAC address.
any Wi-Fi-enabled device.

To access this Wi-Fi network, enter the password LidarAndins . To access the web
panel, use any web browser and navigate to 192.168.13.1.

6.7.1.2. Accessing the INS Logger Web Panel Using Any Ground Radio
Station

Any DTC ground radio station being deployed for RF Ranging operation can be
used to access the I NS | oggerodés (mission c
on the same network as the UAV radio. As the MESH link between the ground radio
and UAYV radio is formed, the INS web panel can be accessed either by typing in the
devicebds host name or static | P address ont

Note: For this feature to work, a MESH link must be formed between the UAV radio and
the ground base station radios. For more information on the MESH, see Section
6.7.2.4.
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6.7.1.3. Data Files Generated When Logging Enabled

Status  Map | Sforage | Settings

A new RFROVER log file is generated once
the I NSO6s mission comp storage

detects an incoming ToF stream from the

BluSDR-30 device. This log file consists of the @
raw JSON ToF data that can be used to

monitor the RF signal quality of each radio
within the MESH. A separate ToF document
provided by DTC explains the contents of the e T o
JSON data in case the end user wishes to
inspect the RF signals within the MESH.

Recorded Data

Go to parent folder

(Y 4.0k F2006472.flash |
Note: The RFROVER log file is only generated
when the BIuSDR-30 is connected to the
INS via Ethernet/CDC Ethernet (USB) and B 21k meRoverloa 12
if the SDR RF Ranging aiding data option

gs.leg)z?lbled, as depicted earlier (see Fig. Fig. 6.11. INS Web Panel, Storage

page

O 63M Inslog

&
2 2 8

6.7.1.4. Map View

As soon as INS completes initialization and starts to output data, the user can
navigate to the OMapd tab of the web panel

1 Base station location on the map and its coordinates on the right-side
menu (green dots on the map mean that the base station is in operational
range and its data is used during the algorithm; otherwise, it is colored in
red).

1 Live RF radio ranges from each node to the rover on the right-side menu.

1 Rover (INS) real-time location on the map (blue dot on the map). When
the INS starts to move, the path/trajectory will be also generated on the
map.

Note: Pressing the refresh tab or navigating to another tab will cause the path
to be lost, as the trajectory path history is not being logged.
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Status Map Storage Settings Logger - 3.1.0-b19
: A 3 - - A,' + ) .
. \ /- - . Base Station Radios
hoY s / - ‘\/ =
A e __
e i N \\ A 1900.351
¢ o = ) R
: I — m
A e~ .
i 9 | , Soles 1297.435
[ o H m
. <
g Scde 14.99 m
N - |
N Y/ |
N ¥
. n
N i
N

===l

4

Fig. 6.12. INS Web Panél, Map page

6.7.1.5. GNSS On/Off Simulation Button

The GNSS receiver can be turned on/off directly from the web panel. For this
purpose, a toggle button was added to the sensor controls tab option. This is useful,
especially for GNSS-denied test conditions when users would like to see the RF
ranging aiding data performance.

Status Map Storage Settings

— Logger control

Stop logging to INS-B2DDD0-000000054

—Sensor control

Disable GNSS

r— Device output

ubDD v
Stop device
Field Value
GPS TOW, ms 403899205

Heading, ° 0.525

Pitch, ° 0.167

Roll, @ 0.167

Gyroscope X, °fs 0.03079

Fig. 6.13. INS Web Panel, Status page
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6.7.2. DTC Radios Web Panel

DTC Radio Web panel is proprietary software used to configure DTC SDRs. This
section refers to the official software guide and highlights the main settings for SDR
configuration with the following integration with INS. For any details, refer to the
official documentation and guidelines provided with the SDRs under use.

6.7.2.1. Accessing DTCb6s Web Panel

Using an Ethernet, connect one end of the RJ45 port to the DTC SDR and the other
to a host computer.

The SDRO6s | abel contains a static | P addre
panel. Ensure that the host PC is on the same network as the static IP address and
enter the IP address into any web browser.

Login information for accessing the web panel is given below:

A Username: (leave blank)
A Password: Eastwood

When access to the radiods web panel I S es
link diagnostics with other radios. This panel can also be used to configure the
MESHOGs operating bandwidth, frequency, and

From frequent UAV trial s, confi gurlOMgzandhe |
RF frequency between 1.9-2.25 GHz is an optimal operating condition. Please
ensure that all radios are active (powered on), and a MESH is adequately formed
before updating the RF bandwidth and frequency configuration.

6.7.2.2. CDC (Communication Device Class) - Ethernet over USB

l nstead of usi ng t h-2port mmdaosobmodee iv dar leedused WithiB
device mode, as an additional interface to connect to the INS logger via CDC

Et hernet i nterface. This feature all ows Et
USB-C i nterface by connecting it to the | o0og
users occupy the main Ethernet port for other needs, the web panel can still be
accessed via this USB port.

192.168.13.1 i s the defaul't | P address for t he
service at bootup.
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Note that all radios should be configured to an IP address 192.168.13.X, wher e
iIs any number between 18 and 80. Preferably, all radios should be on a static IP
address to be on the same network as the INS logger.

To use this connection method, a special cable T ESA000559-001 i is needed.
Contact Inertial Labs for this cable and details.

6.7.2.3. Ranging Settings

Ensure that al | radi o nodes have ORanging
Web panel -> Presets -> Mesh Settings -> Enable Ranging Settings. Follow the
settings below for nominal ranging performance from the radios.

RANGING SETTINGS

Enable

Calibration: number of packets

Calibration: output attenuation

Fig. 6.14. DTC Web Panel, Ranging Settings

6.7.2.4. MESH Settings

The radios within the MESH form a MESH ID. The signals have AES encryption, and
since the MESH is private, it will reject signals from all other radios. Moreover, the
radios within the MESH must be on the same frequency and bandwidth, which can
also be changed on the DTC SDR web panel.

Important: DTC offers AES encryption as a license-dependent option. Contact your SDR
supplier to obtain this option.
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NETNode Hesh IP Radio MeshUitra-M 2075 MHr Wired Connection
SOLESDR_IR 1 ] Tof 24 Update Local Unit Dnly

Mesh Settings :1

(2 3456789001215 %%5I1%>

MESH SETTINGS TRANSMITTER
Operating mode MeshUltra-M Enable transmitter
Mesh Id 1 Frequency
Node Id 0 Channel bandwidth
Operating range Output attenuation
Advanced Seftings

PA linzarity

Interference avoidance

Light =@ Dark P2MP mode Silent Node
Force robust MIMD

adimin

Enable 640AM
® LosouT fanie At

(uasi beamforming

V722 Low latency made

COPY PRESET 1

Fig. 6.15. DTC Web Panel, Mesh Settings

Note: 6 Qu as i Beamformingéd and O6Enable 64QAMO s hol
link performance between all the radios within the MESH (disabling these features
significantly reduces the frequency of connection dropouts between the radio data
link).

For more information, please use the official DTC MESH guides to understand how
the radios are configured.

6.7.2.5. Supplying NMEA DataStream to Ground Radios

| f the position of ground radio points isn
are placed in a GNSS-enabled zone), the radios can still accept raw NMEA data
packets from external receivers or an Inertial Labs INS for casting their own position
to the UAV radio. (Receivers need to be preconfigured to output standard NMEA-
based $GPGGA or $GPRMS messages for the ground SDRs to parse, respectively).

Access DTCb6bs web panel->Dbaa-yervicags ->tGPS Pourees et s
Sel ect USB as the source and the GPS prefi
raw GGA/RMC messages from the INS.
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Services :1 6 7 8 9 01 12

GPS DATA

GPS source

GPS prefix

Fig. 6.16. DTC Web Panel, GPS Data settings

Then navigate to the Presets -> Data -> USB #1: The settings are as follows:

USB #1 SETTINGS NETWORK SETTINGS

Data mode UDP/Control IP address 255.255.255.255
Baud rate 115200 225.0.04

Parity None IP port
Stop bits 1

Low latency @ No

Data active -

Fig. 6.17. DTC Web Panel, USB settings

Note: The baud rate should equal whatever the GNSS output source baud rate is. (For
example, if COM4 of any INS is configured to output $GPRMC messages at a baud
rate of 115200, the baud rate for SDRO6s USI
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7. ARINC-429 Interface

ARINC-429 is a digital communication standard developed by Aeronautical Radio,
Inc. (ARINC) for the aviation industry. The INS can be factory configured to transmit
ARINC-429 BNR words only upon customer request.

7.1. ARINC-429 Protocol

The ARINC-429 protocol defines the electrical and data characteristics for a two-
wire, point-to-point serial communication system. This protocol is commonly used to
transmit flight data between various avionics systems on an aircraft. These systems
include navigation, communication, and monitoring systems.

7.1.1. Electrical Specifications

Table 7.1. ARINC electrical specifications

Electrical Characteristics Value
Voltage levels High State: 10V + 1.0V
(Leg A with respect to Leg B) Null State: OV + 0.5V
Low State: -10V £ 1.0V
Bit Encoding BPRZ (Bipolar Return to Zero)
Word Size 32 bits
Bit Rates 100 Kbps (High Speed Operation)
High Speed Slew Rate 1.5+ 0.5 psec
Low Speed Slew Rate 10 + 5.0 psec

GYINSTEK 188k pts 280MSa/s

0F1‘equencg 508 .24kHz PHax 9.68V @Anplitude 18.8V QPerio

Fig. 7.1. ARINC word example
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7.1.2. Message Structure

ARINC data binary (BNR) words are always 32 bits and use the format shown in
Table 7.2. ARINC convention numbers the bits from 1 (LSB) to 32 (MSB).

Important: When transmitting data words on the ARINC bus, the Label transmits first,
MSB first, followed by the rest of the bit field, LSB first.

Table 7.2. ARINC-429 BNR word format
General word format with 18-bit binary payload

P SSM Data SDI Label
32 | 31 | 30 | 29 (MSB) 11(LSB) [ 10| 9 |8 1
Word transfer order with 18-bit binary payload
Label SDI Data SSM P
8 1] 9 |10 | 11(LSB) 29(MSB) | 30 | 31 [ 32
General word format with 20-bit binary payload
P SSM Data LSB Label
32 | 31 | 30 | 29 (MSB) 9(LSB) | 8 1
Word transfer order with 20-bit binary payload
Label Data SSM P
8 1|9 (LSB) 29(MSB) | 30| 31 ] 32

Label (data identifier)

The Label field specifies a 3-digit octal number for the type of data transmitted.
It is used to identify the data's purpose and how the receiving system should
interpret it. The supported data types with their octal number are in Table 7.5.

Important: The Label is always transmitted first, in reverse order to the rest of the
ARINC word i a compensation for compatibility with legacy systems.

SDI (Source or Destination Index)

The SDI field is used to identify the source or destination of the data and helps
in routing and interpreting the information correctly. It is always equal to 00 (for
all receiving devices).

Note: Certain labels in the ARINC messages have a payload with 20 significant bits
(e.g., Label 311 7 Position Longitude). In such a case, the SDI bits are used
for data.
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Data

The Data field in binary, or BNR, encoding stores the actual value of the
transmitted data. Bit 29 is the sign bit with the semantics shown in Table 7.3.

Bit 28 i s the databds Most Signi ficant Bi
their characteristics can be seen in Table 7.5.

Note: Certain labels in the ARINC messages have a payload with 20 significant bits
(e.g., Label 311 7 Position Longitude). In such a case, the SDI bits are used
for data.

Table 7.3. Sign bit of Data field
BIT 29 Decoded Information
0 Plus, North, East, Right, To, Above
1 Minus, South, West, Left, From, Below

SSM (Sign or Status Matrix )

The SSM field provides status information as shown in Table 7.4 show.

Table 7.4. ARINC SSM
BIT 31 | BIT 30 Decoded Information
0 0 Failure warning which appears if any of the following
USW bits (Table 5.121) equals 1:
1,2,3,4,5,6,10,11, 12.

0 1 -
1 0 -
1 1 Normal operation

P (Parity bit )

Parity bit helps to detect errors in the receiving words:

T Oii f a tot al number of 616 in the word
T 1711 f a tot al number of 616 in the word
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7.1.3. List of ARINC Messages
Table 7.5. ARINC messages supported by INS
o] Data Format Units Instruments/Use
(Oct)
320 Magnetic heading BNR Degrees Compass / Artificial Horizon
324 Pitch angle BNR Degrees Artificial Horizon / Pitch ladder
325 Roll angle BNR Degrees Artificial Horizon / Roll indicator
204 Baro corrected altitude BNR Ft Preferred height source
206 Computed airspeed BNR Kts Airspeed indicator
212 Altitude rate BNR fpm Used to calculate FPV pitch
312 Speed over ground BNR Kts Used to calculate FPV pitch
317 Track angle magnetic BNR Degrees FPV Heading
210 True airspeed BNR Kts True Airspeed indicator
315 Wind speed BNR Kts Wind indicator
316 Wind direction BNR Degrees True | Wind Direction
364 Vertical accel BNR Gbs GMeter
375 Along heading accel BNR Gbs Airspeed trend/GMeter
376 Cross heading accel BNR Gd s GMeter
Important: By specific request, the list of supported ARINC words for output can be
extended with the messages shown in Table 7.6 below.
Table 7.6. (Optional) ARINC messages that can be added for output
Oct Data Format Sig Range MSB Units Positive Conversion to IL Scale
Lbl Bit 9¢ | weight Sense OPVT2AHR Factor ®
310 Posﬂmr:g!_ atitude | gyr |20 | 90 90 Degrees North Latitude 5825.42
311 Position BNR | 20 | 180 90 Degrees | East Longitude 5825.42
Longitude ©
314 | True Heading® | BNR | 18 | 180 90 | Degrees CW,\flrom Heading 1456.35
324 Pitch Angle BNR 18 90 90 Degrees Up Pitch 1456.35
Right
325 Roll Angle BNR 18 180 90 Degrees Wing Roll 1456.35
Down
326 | Body Pitch Rate BNR 18 128 64 Deg/Sec Up GyroX 2048
Right
327 | Body Roll Rate BNR 18 128 64 Deg/Sec Wing GyroY 2048
Down
Nose
330 | Body Yaw Rate BNR 18 128 64 Deg/Sec Right -GyroZ 2048
331 | Body Long Accel BNR 18 4 2 Gb6é s | Forward AccY 65536
332 | Body Lat Accel BNR 18 4 2 Gbs Right AccX 65536
333 | Body Norm Accel BNR 18 4 2 Gb s Up AccZ 65536
. . -2K to Altitude*
C)
361 | Inertial Altitude BNR 20 60K 65536 Feet Up 3.280846 8
Inertial Vertical . Vertical speed*
365 Spd BNR 18 | 32768 | 16384 Ft/Min Up 196.8507 8
. North speed*
366 N-S Velocity BNR 18 4096 2048 Knots North 1.943844 64
. East speed*
367 E-W Velocity BNR 18 4096 2048 Knots East 1943844 64
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124 | GPS Time Int® BNR 20 | 604800 | 302400 | Seconds | Always + | Floor(ms gps/1000) | 1.7337
113 | GPS Time Fine® | BNR | 20 | 1.0 05 | Seconds | Always + m&g“’fﬁ;ol?‘t' 1048576
Notes:

1. All data (except labels 124 and 113) are standard ARINC-429 data.

2. Labels 124 and 113 are from the | ist of fAs,|
Specification 429 Part 1-17: Mark 338 Digital Information Transfer System (DITS),
Appendix E. Guidelines for label assignments.

3. The rule for creating data abel 113 AGPS
AUTC Fine. o

4. Significant bits for BNR data are defined as the number of ARINC-429 data bits
excluding the sign bit.

5. For BNR data the digital range is as listed for a negative value and is full scale
minus 1 LSB for a positive value. The output range can be limited by software.

6. Fine data words contain the truncated portion of the original data word. This
information is unsigned, although the sign bit is reserved. The two labels are
concatenated (or combined) to form the complete data word. The MSB weight of
these labels refers to the next MSB of the latitude or longitude signal after the LSB
of the course signals. These MSB weights are not exact.

7. Latituder anges from T90A to 90A, and |l ongitude
bit weighting range of both outputs is 180 degrees. The same is true for the Pitch
Angleiit ranges from T90A to 90A, and the bi

Inertial Labs, a VIAVI Solutions Company
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8. The Scale factors are approximate values. The actual value is computed by using
MSB weight and a number of significant bits.

9. Certain labels in the ARINC messages have a payload with 20 significant bits (e.g.,
Label 311 7 Position Longitude). In such a case, the SDI bits are used for data.

10. The heading angle delivered by INS varies from 0° to 360°. To comply with the
definition of label 314 (True Heading), which assumes the range of +180°, the
following conversion is performed: angles in the range 0 to 180° are encoded as
positive numbers. Angles in the range 180° to 360° are subtracted from 360°, and
the resulting number is encoded as a negative value.
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7.2. INS Setup

If the INS is factory configured to transmit ARINC words, the 21-24 Ethernet pins on
the main connector (Fig. 4.3) are reassigned as two data transmit channels
according to the ARINC-429 standard.

Notes:

1. Currently, only the first channel is operational and assigned for data transmission.
Data receiving is not supported.

2. If the INS is factory configured to transmit ARINC words, the Ethernet option is
unavailable.

ARCHITX+ | 21
ARCHI1TX- 22
ARCH2TX+ | 23
ARCH2TX- 24

Fig. 7.2. ARINC pins on the main INS connector

To transmit ARINC messages, the INS must be configured as follows:

1 Set the COM4 _interface parameter (code Ox4E) to Ox01 value
(RS-422/ARINC/IRIDIUM).

Important: When the INS COM4 port is configured to transmit ARINC words, it
is reserved exclusively for this purpose and cannot be used for any
other function.

1 Set the output of a User Defined Data (UDD) packet via INS COM4. The
required UDD structure is outlined in Table 7.7. For detailed UDD
configuration instructions, please refer to Section 5.2.12. To configure
UDD output on COM4, adjust the Al NS Da
(see Section 5.2.28 for details).

Important:

1. Setthe COM4 port baud rate to 115200bps. Other values are not
supported.

2. The frequency of ARINC word transmission matches the INS COM4 port
data rate and can be set up to 50Hz. Higher rates are not supported.
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Table 7.7. The required UDD data set

Data type (ID) Description
0x01 GPS INS Time (round)
0x08 Orientation angles HR
0x10 Position
0x12 Velocities
Ox1E ENU linear acceleration
0x84 Baro-Corrected Pressure Altitude (BCHp)
0x85 Calibrated Airspeed (CAS)
0x86 True Airspeed (TAS)
0x8A Wind speed and scale factor
0xD1 Magnetic declination

The ARINC message stream will be available automatically during regular INS
operation.
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8. Integration with Flight Controller

The integration of the INS with autopilot represents a sequential advancement in
unmanned systems technology. By utilizing the high-precision orientation and
navigation data provided by the INS, autopilot gains enhanced situational
awareness and operational effectiveness. This integration facilitates precise control
and navigation, empowering unmanned systems to navigate complex environments.

8.1. ArduPilot Autopilot

There are two levels of INS integration to the flight controller (FC) based on
ArduPilot firmware:

 Mode 1: External GPS
1 Mode 2: External AHRS/INS

8.1.1. Mode 1: External GPS

In this mode, the INS is linked to the FC as the GPS receiver and transmits
simulated receiver data based on the INS solution. This setup allows the ArduPilot
algorithm to continue operating with data from the INS during GNSS outages. Users
have the option to select the type of receiver data simulated by the INS T either
NMEA text messages or binary NovAtel logs.

The advantage of this approach lies in its simplicity and the straightforward
connection between the INS and ArduPilot. However, there are some drawbacks to
consider:

1 The ArduPilot algorithm relies solely on INS position and velocity data. All
other calculations, such as attitude and heading, are performed internally
usingthe FCo6s | MU( s) .

1 The INS cannot receive commands or aiding data via ArduPilot.
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8.1.1.1. INS Setting
INS should be configured to output one of the simulated GNSS receiver data format:

1 BESTPOS, BESTVEL, and PSRDOP NovAtel binary logs (recommended)
1 INS NMEA Set messages

Inertial Labs advises using binary data because they are more accurate, quicker,
and complete than NMEA messages.

The INS can transmit simulated GNSS data packets through either its COM1 or
COM4 ports. To configure COM4, use the 'INS Data Format' option and adjust
accordingly. Refer to Section 5.2.28 for further details on the COM4 setup and down
below for the COM1 setup.

Note: Please make sure that the maximum time of autonomous INS operation at absence
of GNSS data (GNSS outage) is set to 3600 seconds (preset default value). If no
aiding data is provided after the max operational time is reached, the position and
velocity output are frozen to avoid error accumulation, and the GNSS quality
indicators and statuses are set to invalid. The time_INS_max parameter (code
0x57) can be used to set an acceptable maximum time of autonomous INS
operation.

NovAtel BESTPOS, BESTVEL, and PSRDOP

To start outputting BESTPOS, BESTVEL, and PSRDOP logs through the COM1
port, send the following command to the device:

AA 55 00 00 07 00 5D 64 00

Important:

1. During the GNSS outage, the INS operates in autonomous mode, and the
GNSS quality indicators and statuses are artificially set to valid if INS data are
correct (see Table 5.79 for details).

2. The INS data rate and baud rate should be previously set following ArduPilot
requirements. The recommended data rate is 10 Hz at 115200 bps. To do this,
modify the COM1_bps and Data_rate parameters (codes 0x01 and 0x02).

3. The measuring reference for altitude calculation within the INS and ArduPilot
should be consistent. By default, the INS calculates and outputs its altitude
relative to the WGS84 ellipsoid, but it can also calculate altitude relative to
MSL. This can be selected by configuring the Altitude_var parameter (code
0x13).
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Optionally, it is possible to configure the INS to output BESTPOS, BESTVEL,
and PSRDOP logs automatically after power is applied (AutoStart mode). For
this purpose, please send the following commands to the unit:

AA 55 00 00 09 00 BO 07 5D 1D 01
AA 55 00 00 07 00 B2 B9 00

INS NMEA Set

Tostart out putting the Al NS NMEA Seto t
command to the device:

AA 55 00 00 07 00 6B 72 00

Important:

1. During the GNSS outage, the INS operates in autonomous mode, and the
solution type and validity status are art
S et the NS data is correct (see Table 5.36 for details).

2. The INS data rate and baud rate should be previously set following ArduPilot
requirements. The recommended value is 10 Hz at 115200 bps. To do this, you
need to modify the COM1_bps and Data_rate parameters (codes 0x01 and
0x02).

3. The measuring reference for altitude calculation within the INS and ArduPilot
should be consistent. By default, the INS calculates and outputs its altitude
relative to the WGS84 ellipsoid, but it can also calculate altitude relative to
MSL. This can be selected by configuring the Altitude_var parameter (code
0x13).

Optionally, it is possible to configure the INS to output INS NMEA Set data
automatically after power is applied (AutoStart mode). For this purpose, send
the following commands to the unit:

AA 55 00 00 09 00 BO 07 6B 2B 01

AA 55 00 00 07 00 B2 B9 00

Inertial Labs, a VIAVI Solutions Company 287
www.inertiallabs.com



https://inertiallabs.com/

e |
{/InertialLabs GPS-Aided INS

/ g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

8.1.1.2. ArduPilot Settings

If the INS is intended to serve as a source of GNSS data, proper configuration of the
ArduPilot algorithm is essential. The necessary settings are outlined in Table 8.1.

Note: Once ArduPilot parameters are set, the FC should be power cycled to apply

changes.
Table 8.1. ArduPilot settings for assigned serial port
Type of data
ArduPilot parameter BESTPOS, BESTVEL, and
i PSRDOP NovAtel binary logs NS NHIE Sie IEEseiee

SERIALX BAUD Set the same value as set for the INS COM port

SERIALX_PROTOCOL 51 GPS

GPSx_TYPE 157 NOVA (if BESTPOS, 57 NMEA (if INS NMEA Set

BESTVEL, and PSRDOP messages are used)
NovAtel binary logs are used)

GPSx_RATE_MS 100 ms i 10 Hz (Recommended)

GPS_AUTO_CONFIG 01 Disables automatic configuration

GPS_PRIMARY 01 FirstGPS (if GPS1_TYPE was configured)
17 SecondGPS (if GPS2_TYPE was configured)
Notes:
1. According to the mission setup, the end user determines which
system is the primary data source. However, it is recommended that the
INS be the primary.
2. If the INS is set as the primary data source, ArduPilot will not switch
to the secondary system, as the INS atrtificially substitutes certain
statuses to maintain a solid transmission of navigation data.

GPS AUTO SWITCH 01 Use primary (Recommended)
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8.1.2. Mode 2: External AHRS/INS

This mode is the most complete and flexible solution, as it allows the use of INS as
the primary navigation system and the flight controller's sensors and navigation
algorithm as a redundancy navigation system. This mode means fully integrating
INS data into the ArduPilot firmware, including using INS position, velocity, attitude,
heading, IMU data, and additional data like barometer data, various air data, etc.

The flexibility of this solution is that the user can configure which data the flight
controller should use from INS (GNSS, IMU, compass, barometer, airspeed sensor,
etc.).

In this mode, the INS can also receive commands and external aiding data from the
user. In such a case, a ground control station (Mission Planner, etc.) is linked to FC
via the MAVLink protocol, which retransmits user requests to INS.

To use this mode, specific firmware is required. Currently, there are two firmware
versions available:

1 The official ArduPilot firmware.

To obtain this firmware, refer to the official ArduPilot resources. However,
this firmware has limited functionality. For expanded features, Inertial
Labs provides enhanced ArduPilot firmware, which is available by
request.

Important: Inertial Labs strongly recommends not using the official ArduPilot
firmware version for INS integration at this time, as it has not yet
incorporated critical bug fixes that engineers have already provided
to the ArduPilot project maintainers. These bug fixes are essential
for flight safety and overall system stability.

f The enhanced ArduPilot firmware.

This firmware includes the latest features and is available upon special
request. It offers several advantages:

Advanced INS data usage within the ArduPilot algorithm.
Enables INS to receive commands and external aiding data.
Enables additional functionality for ArduPilot.

Bug fixes compared to the official ArduPilot firmware.

Support the enhanced Mission Planner software, providing users
with the simplicity of the tight INS integration with ArduPilot.

To To To Do Do

Inertial Labs, a VIAVI Solutions Company 289
www.inertiallabs.com



https://inertiallabs.com/

®
? Inertial GPS-Aided INS

g Interface Control Document Revision 2.97
a VIAVI Solutions company

A Continuous and faster updates compared to the official ArduPilot
firmware.

Note: Inertial Labs offers a Supplementary Document detailing the usage of
expanded features with the enhanced ArduPilot firmware. To obtain this
document, please reach out to the Inertial Labs support team.

8.1.2.1. INS Settings

The INS must be configured to output a specific set of binary data via the UDD. The
required UDD data set is detailed in Table 8.2. For further information on the
process of UDD configuration, please refer to Section 5.2.12.

Important: For proper operation with ArduPilot FW, the INS UDD data set must precisely
follow the structure detailed in Table 8.2. Changing the position of individual
data types is prohibited.

The INS can transmit UDD packets through either its COM1 or COM4 ports. For the
COM4 configuration, the 'INS Data Format' option needs to be used and adjusted
accordingly. Further details on this setup can be found in Section 5.2.28.

The recommended parameters for the chosen COM port are 200 Hz at 921600 bps.
For other values, use Formula 5.1 from Section 5.16 to calculate the necessary
parameters for the full UDD data packet.

Important: The measuring reference for altitude calculation within the INS and ArduPilot
should be consistent. By default, the INS calculates and outputs its altitude
relative to the WGS84 ellipsoid, but it can also calculate altitude relative to
MSL. This can be selected by configuring the Altitude_var parameter (code
0x13).

Optionally, the following configuration parameters may be set to enhance INS
operation with the ArduPilot depending on the mission setup:

1 ArduPilot_data (code 0xA9) i Enabled;
1 KF_restart_smooth (code 0xA4) i 5 sec;
1 Mag_wo_iron_calibration (0xC7) i Enabled.
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Table 8.2. The required UDD data set

For the enhanced ArduPilot FW

For the official ArduPilot FW

(the total message length is 279 bytes) (the total message length is 172 bytes)
Datg [';))/pe Description Dat("jll ['%/pe Description
0x01 GPS INS Time (round) 0x01 GPS INS Time (round)
0x3C GPS week 0x3C GPS week
0x23 Accelerometer data HR 0x23 Accelerometer data HR
0x21 Gyro data HR 0x21 Gyro data HR
0x25 Barometer data 0x25 Barometer data
0x24 Magnetometer data 0x24 Magnetometer data
0x26 Sensors bias 0x07 Orientation angles
0x07 Orientation angles 0x12 Velocities
0x12 Velocities 0x10 Position
0x10 Position 0x58 KF velocity covariance
0x53 Unit status word (USW) 0x57 KF position covariance HR
0x4A GNSS extended info 0x53 Unit status word (USW)
0x30 GNSS Position O0x4A GNSS extended info
0x32 GNSS Velocity, Track over ground 0x3B Number of satellites used in solution
0x3E GNSS Position timestamp 0x30 GNSS Position
0x41 New GPS 0x32 GNSS Velocity, Track over ground
0 x & 0] u-blox jamming status O0x3E GNSS Position timestamp
0x28 Differential pressure 0x36 GNSS info short
0x86 True airspeed (TAS) 0x41 New GPS
0x85 Calibrated Airspeed (CAS) 0 x ¢ 0] u-blox jamming status
0x8A Wind speed and scale factor 0x28 Differential pressure
0x8D ADU status 0x86 True airspeed (TAS)
0x50 Supply voltage 0x8A Wind speed and scale factor
0x52 Temperature 0x8D ADU status
0x5A Unit status word (USW2) 0x50 Supply voltage
0x42 Dilution of precision 0x52 Temperature
0x54 Navigation solution status (see Section O0x5A Unit status word (USW2)
5.17)
Ox5F INS position and velocity accuracy
0x37 Full satellites info
0x3D GNSS velocity latency
0x38 GNSS solution status
0x39 GNSS position or velocity type
0x65 New aiding data
OxAl New aiding data 2
0x61 Air or ground speed
Ox6E External horizontal position
0x6C Altitude external
0x66 Heading external
0x6B Ambient Air Data
0x62 Wind data
0x9A On-the-fly mag clb accuracy
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8.1.2.2. ArduPilot Settings

If the INS is intended to serve as a complex source of orientation and navigation
data, proper configuration of the ArduPilot algorithm is essential. The necessary
settings are outlined in Table 8.3.

Note: Once ArduPilot parameters are set, the FC should be power cycled to apply

changes.
Table 8.3. ArduPilot settings for assigned serial port
ArduPilot parameter Value
SERIALX_PROTOCOL | 361 AHRS
SERIALX_BAUD Set the same value as set for the INS COM port
EAHRS TYPE 517 InertialLabs
EAHRS RATE Set the same value as set for the INS COM port

EAHRS _SENSORS This parameter configures which INS sensor data should be used in the ArduPilot
algorithm. Its bitmask structure is shown in Table 8.4.

EAHRS _LOG_RATE 50 Hz (minimal)

200 Hz (recommended)

EAHRS_OPTIONS This parameter allows you to enable different functionality for ArduPilot. Its bitmask
structure is shown in Table 8.5.

Note: For now, this parameter is available within the enhanced IL ArduPilot FW.
BRD_BOOT_DELAY The necessary time in milliseconds can be calculated using the equation
(recommended):

INS initial alignment time + 15 seconds (INS hardware initialization time)

Table 8.4. EAHRS_SENSORS bit mask

Byte # Bit # Meaning
1 0 GPS (Use INS position and velocity data as GNSS solution in ArduPilot algorithm)
1 IMU (Use INS accelerometers and gyros data in ArduPilot algorithm)
2 Baro (Use INS static pressure sensor data in ArduPilot algorithm)
3 Compass (Use INS magnetometer data in ArduPilot algorithm)

Note: The INS unit should include an internal magnetometer, or alternatively, an
external SAMC can be used.

47 7 | Reserved

2 81 15 | Reserved

Table 8.5. EAHRS_OPTIONS bit mask

Byte # Bit # Meaning

Not applied to IL INS

Transmit airspeed to IL INS

Send IL INS status massages to GCS (see note below)
Reserved

Use IL INS true airspeed (TAS)

Disable IL INS GNSS fix type substitution

61 7 | Reserved

2 81 15 | Reserved

G W|IN|IFLO

Inertial Labs, a VIAVI Solutions Company 292
www.inertiallabs.com



https://inertiallabs.com/

’[l]nertial Labs GPS-Aided INS

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

Note: If bit #2 is set to 1, the FC is configured to transmit IL INS status messages to the
ground control station (GCS) using the MAVLink protocol. See the description of
the STATUSTEXT (id 253) message in the MAVLink common message set. All
messages that relate to IL INS begin with the 'ILAB' header.

8.1.2.3. Settings of INS Usage as Attitude, Position and Velocity Source

To use INS as a primary source of attitude, heading, position, and velocities data
within the ArduPilot algorithm, the following parameter should be set:

ArduPilot parameter Value
AHRS EKF TYPE 31 Enable EKF3. See note # 1 below.
1171 ExternalAHRS (recommended). See note # 2 below.

Notes:

1. Insuch a case, itis recommended to adjust the ArduPilot EKF3 filter to set
complete confidence to INS data (GNSS, compass, etc.).

2. In such a case, the ArduPilot navigation algorithm will operate in the background as
a redundant navigation system.

Important: An external AHRS/INS is not recommended as a source of external navigation

filter data if the main control loop rate in ArduPilot is higher than 200 Hz. Use
the SCHED_LOOP_RATE parameter to check the main control loop rate.

8.1.2.4. Settings of INS Usage as External GNSS

If the INS is intended to serve as a source of GNSS data, proper configuration of the
ArduPilot algorithm is essential. The necessary settings are outlined in Table 8.6.

Note: Once ArduPilot parameters are set, the FC should be power cycled to apply

changes.
Table 8.6. ArduPilot settings for assigned serial port
ArduPilot parameter Value
EAHRS SENSORS bit # 0 (GPS) must be set
GPSx_TYPE 211 ExternalAHRS
GPSx_RATE MS 100 ms i 10 Hz (Recommended)
GPS AUTO_CONFIG 071 Disables automatic configuration
GPS_PRIMARY 07 FirstGPS (if GPS1_TYPE was configured)
17 SecondGPS (if GPS2_TYPE was configured)
Notes:
1. According to the mission setup, the end user determines which
system is the primary data source. However, it is recommended that
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the INS be the primary.

2. If the INS is set as the primary data source, ArduPilot will not switch
to the secondary system, as the INS atrtificially substitutes certain
statuses to maintain a solid transmission of navigation data.

GPS AUTO SWITCH 017 Use primary (Recommended)

EAHRS_OPTIONS bit #5 (Disable IL INS GNSS fix type substitution) is typically left unset.

However, depending on the mission setup, it can be set. See the

important note below for more details.

Note: For now, this parameter is available within the enhanced IL

ArduPilot FW.

Important: When the INS is used as an external GNSS data source, the INS GNSS
receiver's raw data and statuses are transmitted directly to the ArduPilot as is.
However, if the INS detects that the GNSS receiver's data is unsuitable for
navigation purposes, it artificially substitutes the receiver's data with synthetic
acceptable values (if parameter ArduPilot_data, code 0xA9, is enabled) and
transmit these values to the ArduPilot to maintain a reliable flow of navigation
data.

If this parameter is disabled, the INS forwards the raw data from the GNSS
receiver directly to the ArduPilot, even if the data is insufficient. This may lead
to system failure. Therefore, by default, the ArduPilot substitutes unacceptable
GNSS data with acceptable values to ensure stability.

Users who prefer to disable this substitution in the ArduPilot should set bit #5
in the EAHRS_OPTIONS parameter.

8.1.2.5. Settings of INS Usage as External IMU

To use INS as a primary source of accelerometers and gyroscopes data within the
ArduPilot algorithm, the following parameters should be set:

ArduPilot parameter Value

EAHRS SENSORS bit # 1 (IMU) must be set

INS _USEx 171 Enabled

INS_ENABLE_MASK Check that the relevant bit of the certain IMU number assigned by the
system is set.

INS_EXT_ORIENT Set the orientation of the external IMU relative to the board frame
(means FC frame).
Note: For now, this parameter is available within the enhanced IL
ArduPilot FW.

Note: By default, if an external AHRS/INS is connected to ArduPilot, its IMU is always
considered as primary IMU in algorithm.
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Important: An external AHRS/INS is not recommended as a source of IMU data if the
main control loop rate in ArduPilot is higher than 200 Hz. Use the
SCHED_LOOP_RATE parameter to check the main control loop rate.

When using the INS as an external IMU, it is essential to ensure that the axes of the
INS and the Flight Controller (FC) are accurately aligned with the axes of the carrier
object. Failure to do so can compromise the ArduPilot algorithm proper operation.
Follow these steps to perform the necessary alignment:

Step 1. Align INS axes with the object frame.

To align the INS axes with the carrier object frame, perform the standard
alignment procedure. For detailed instructions, refer to Appendix A.

Important: By default, the INS uses an East-North-Up (ENU) body frame, while the
FC typically operates with a North-East-Down (NED) coordinate system.
Once the INS is aligned with the carrier object frame and connected to
the FC, the ArduPilot algorithm automatically performs an ENU-to-NED
transformation to synchronize the two systems. No actions from the end
user are needed for this.

Longitudinal Longitudinal
y X
ﬁ
ENU NED
z P X z y
Vertical Lateral Vertical Lateral
(up) (down)

Step 2. Align FC axes with the external IMU (INS) frame.

If the FC's initial orientation does not match the carrier object, its frame must be
aligned to match the external data source frame (in this case, the INS's NED-
transformed frame). This ensures that the FC accurately calculates position,
velocity, and orientation. Adjust the INS_EXT_ORIENT ArduPilot parameter to
complete this alignment.

Step 3. Align FC axes with the object frame.
If the FC's initial orientation does not match the carrier object, to ensure its

algorithm proper operation, its frame must be aligned to the carrier object. For
this purpose, the AHRS_ORIENTATION ArduPilot parameter must be adjusted.
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8.1.2.6. Settings of INS Usage as External Compass

To use INS as a primary source of magnetometer data within the ArduPilot
algorithm, the following parameters should be set:

ArduPilot parameter Value
EAHRS SENSORS bit # 3 (Compass) must be set
COMPASS_USEXx 17 Enabled
COMPASS DISBLMSK bit # 18 (ExternalAHRS) must be unset
COMPASS_ORIENTX Check that the compass orientation is set properly.

Note: If the INS orientation has already been aligned with the carrier
object, the COMPASS ORIENTX must be set to None.
COMPASS_PRIO1_ID Check that the relevant ID of the certain compass number assigned by
the system is set

Note: | f the I NS is used as an external compass |
that if the INS was calibrated using its own tools and its signal was then further
calibrated by the autopilot, any change to the INS calibration type or recalibration
will require the autopilot to be recalibrated as well. Alternatively, the INS can output
uncalibrated raw data to the autopilot, allowing the autopilot to handle the
magnetometer data calibration exclusively. To enable this functionality, configure
the I NS60s Mag_wo_iron_calibration paramet el

8.1.2.7. Settings of INS Usage as External Barometer

To use INS as a primary source of static pressure sensor within the ArduPilot
algorithm, the following parameters should be set:

ArduPilot parameter Value
EAHRS SENSORS bit # 2 (Baro) must be set
BARO PRIMARY Check that the relevant sensor 6s

8.1.2.8. Settings of INS Usage as Air Data Source

To use INS as a primary source of air data within the ArduPilot algorithm, the
following parameters should be set:

ArduPilot parameter Value
ARSPDx_TYPE 16 i ExternalAHRS
ARSPD_PRIMARY Check that the relevant sensords ny
EAHRS_OPTIONS bit #4 (Use IL INS true airspeed) is typically left unset. However, depending
on the mission setup, it can be set. See the note # 2 below for more
details.
bit #1 (Transmit airspeed to IL INS) is typically left unset. However,
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depending on the mission setup, it can be set. See the note # 3 below
for more details.

Note: For now, this parameter is available within the enhanced IL ArduPilot
FW.

Notes:

1. To use INS as a source of air data, it should be equipped with a specific pressure
sensor for static and dynamic pressure measurements to provide the embedded Air
Data Computer (ADC) functionality or if an external ADC device is available and
bound with the INS unit.

2. When the INS have access to air data (from internal or external sensors), it
provides differential pressure data to the ArduPilot for true airspeed (TAS)
calculation. If the user finds this calculation insufficient, the TAS computed directly
by the INS can be used as an alternative in the ArduPilot algorithm. To enable this,
bit #4 in the EAHRS_OPTIONS parameter must be set.

3. If the INS lacks access to air data (from internal or external sensors), it cannot
independently calculate airspeed, which may be critical for correcting velocity and
reducing position determination errors in GNSS-denied environments. However, if
the ArduPilot based FC has access to airspeed data from other sources, it can
transmit this information to the INS for correction purposes. To enable this, bit #1 in
the EAHRS_OPTIONS parameter must be set.

8.1.3. INS Connection to FC Hardware

The general connection scheme between INS and FC can be seen in Fig. 8.1.

RX TX X RX
COM1/COM4 TX RX RX TX
GND GND GND GND
PWR |——«—
INS RS232-UART FC

Fig. 8.1. INS to Flight Controller connection scheme
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8.2. PX4 Autopilot

There are two levels of INS integration to a flight controller (FC) based on PX4
firmware:

1 Mode 1: Source of raw sensor data;
1 Mode 2: External INS.

8.2.1. INS Setting

Regardless of which integration level is used, the INS must be configured to output
a specific set of binary data via the UDD. The required UDD data set is detailed in
Table 8.7. The order of individual data types does not matter. For more information
on configuring the UDD, refer to Section 5.2.12.

Note: The INS can transmit UDD packets through either its COM1 or COM4 ports. For the
COM4 configuration, the 'INS Data Format' option needs to be used and adjusted
accordingly. Further details on this setup can be found in Section 5.2.28.

The recommended parameters for the chosen COM port are 200 Hz (maximum
possible) at 921600 bps. For other values, use formula from Section 5.16 to
calculate the necessary parameters for the full UDD data packet.

Important: The altitude reference used by the INS and PX4 should be consistent. By
default, the INS calculates and outputs altitude relative to the WGS84
ellipsoid, but it is strongly recommended to provide altitude to the FC relative
to MSL. This can be configured using the Altitude_var parameter (code 0x13).

Table 8.7. The required UDD data set (the total message length is 169 bytes)

Data type (ID) Description
0x23 Accelerometer data HR
0x21 Gyro data HR
0x24 Magnetometer data
0x25 Barometer data
0x8D ADU status
0x07 Orientation angles
0x12 Velocities
0x10 Position
0x53 Unit status word (USW)
Ox5A Unit status word (USW2)
0x54 Navigation solution status (see Section 5.17)
0x52 Temperature
Ox5F INS position and velocity accuracy
0x42 Dilution of precision
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0x66 Heading external

0x41 New GPS

0x30 GNSS Position

0x3C GPS week

Ox3E GNSS Position timestamp

Ox4A GNSS extended info

0x3B Number of satellites used in solution
0 x & 0 | u-blox jamming status

8.2.2. PX4 Settings
To communicate correctly with the INS, regardless of the integration level, the PX4
firmware must be built with the dedicated Inertial Labs module. Detailed build

instructions and further configuration settings are available on the official PX4
firmware developer website.

8.2.3. INS Connection to FC Hardware

The general connection scheme between INS and FC can be seen in Fig. 8.2.

RX X X RX
cCoM1/COM4 TX RX RX X
GND GND GND GND
PWR |———
INS RS232-UART FC

Fig. 8.2. INS to Flight Controller connection scheme

8.2.4. Hardware Installation

It is essential to ensure that the INS and the Flight Controller (FC) are properly
mounted and precisely aligned with the axes of the carrier object. Failure to do so
can compromise the proper operation of the PX4 algorithm. Follow these steps to
perform the necessary installation:

Step 1. INS mounting and axis alignment
Mount the INS according to the instructions in Section 3. Once mounted,

perform the standard alignment procedure to align the INS axes with the carrier
object frame. For detailed instructions, refer to Appendix A.
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Important: By default, the INS uses an East-North-Up (ENU) body frame, while the
FC typically operates with a North-East-Down (NED) coordinate system.
Once the INS is aligned with the carrier object frame and connected to
the FC, the PX4 algorithm automatically performs an ENU-to-NED
transformation to synchronize the two systems. No actions from the end

user are needed for this.

Longitudinal Longitudinal
y X
ﬁ
ENU NED
z X z y
Vertical Lateral Vertical Lateral
(up) (down)

Step 2. FC mounting and axis alignment

Mount the FC and, if necessary, perform the alignment procedure to align the
FC axes with the carrier object frame. For detailed instructions, refer to the

official PX4 firmware developer website.
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Appendix A. Variants of the Inertial Labs INS Mounting
Relative to the Object Axes

The Inertial Labs INS can be mounted on the object in any known position (upside-
down, upright, etc.) relative to the object axes. Such mounting does not change right
determination of the object orientation if angles of the INS mounting are correctly
stored in the INS nonvolatile memory.

Angles of the INS position (alignment angles) are set in the following order (like
heading, pitch, and roll settings) in degrees:

T The first alignment angle (heading) i s
Z-axis. Clockwise rotation is denoted as positive. The range for this
alignment angle is -180° to +180°.

In other words, this angle sets the misalignment between the longitudinal
axes of the INS and the carrier object in the horizon plane.

1 The second alignment angle (pitch) is determined by INS&rotation around its
X-axis. Counterclockwise rotation is denoted as positive. The range for this
alignment angle is -90° to +90°.

In other words, this angle sets the inclination of the longitudinal axis of the
INS relative to the carrier object horizon plane.

1 The third alignment angle (roll) is determined by INSérotation around its Y-
axis. Counterclockwise rotation is denoted as positive. The range for this
alignment angle is -180° to +180°.

Note: The default values of the alignment angles are all zeros.

Some examples of the Inertial Labs INS mounting relative to the carrier object are
shown in Fig. A.1.

The alignment angles of the INS mounting (heading, pitch and roll) can be set using
AlAngles parameter (code 0x08). When alignment angles are set, the original INS
axes are logically transformed into assumed carrier object axes.

Note: If INS operates with firmware version up to 3.3.0.1, alignment angles can be set
with LoadINSpar command (see Table 5.82, bytes #23-28).
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a b
) ] )y,
y
X
Longitudinal
axis of the object
z
z
c) d)
y
o
X X z
o
||l —"
y
Fig. A.1. Examples of the Inertial Labs INS mounting on the carrier object
a’i alignment angles are 0, 0, 0 (degrees);
b i alignment angles are 0, 0, 180 (degrees);
c i alignment angles are 90, 0, 0 (degrees);
di alignment angles are 180, -90, O (degrees);
Optionally, s mal | angle offsets (U, b, and

axes (after alignment angles are configured) and the true object axes to enhance
orientation accuracy. These offsets can be adjusted by modifying the MisAngles
parameter (code 0xD2) or added directly to the alignment angles (heading+U,
pitch+b, roll+2). Users can determine these angle offsets through any preferred
method or by utilizing the Device boresighting plugin, which is available within the
INS GUI.
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Appendix B. Full List of the Inertial Labs INS Commands

All INS commands have the byte structure shown in Table 5.2. The payload for all
commands has a length of 1 byte and contains a command code. Table B.1 below
lists all commands with their exact structure in hexadecimal numbers.

Table B.1. List of the INS commands with exact structure

Command name Code Exact structure (hex) In-ru_n
execution
Commands for INS control
INS_SensorsData 0x50 AA 55 00 00 07 00 50 57 00 i
INS_OPVTdata 0x52 AA 55 00 00 07 00 52 59 00 i
INS_QPVTdata 0x56 AA 55 00 00 07 00 56 5D 00 i
INS_OPVT2Adata 0x57 AA 55 00 00 07 00 57 5E 00 i
INS_OPVT2Awdata 0x59 AA 55 00 00 07 00 59 60 00 i
INS_OPVT2AHRdata 0x58 AA 55 00 00 07 00 58 5F 00 i
INS_OPVTADdata 0x61 AA 55 00 00 07 00 61 68 00 i
INS_minData 0x53 AA 55 00 00 07 00 53 5A 00 i
INS_OPVT rawlMUdata 0x66 AA 55 00 00 07 00 66 6D 00 i
INS_OPVT_GNSSextdata 0x67 AA 55 00 00 07 00 67 6E 00 i
SPAN_rawimu 0x68 AA 55 00 00 07 00 68 6F 00 i
User_Def Data 0x95 AA 55 00 00 07 00 95 9C 00 i
User Def Data_config 0x96 AA 55 00 00 07 00 96 9D 00 T
Get_User _Def Data_struct 0x97 AA 55 00 00 07 00 97 9E 00 i
CAN1_message set_config 0x98 AA 55 00 00 07 00 98 9F 00 [}
Get CAN1 message_set_struct 0x99 AA 55 00 00 07 00 99 A0 00 T
INS_ NMEA 0x54 AA 55 00 00 07 00 54 5B 00 i
INS_Sensors_NMEA 0x55 AA 55 00 00 07 00 55 5C 00 i
INS BESTPOS BESTVEL_PSRDOP | 0x5D AA 55 00 00 07 00 5D 64 00 i
INS NMEA_Set 0x6B AA 55 0000 07 00 6B 72 00 i
Cobham_UAV200_Satcom 0x46 AA 55 00 00 07 00 46 4D 00 i
INS _NAV440 Ox6A AA 55 000007 00 6A 71 00 i
INS_XDR Ox6E AA 55 00 00 07 00 6E 75 00 i
INS_PVA_Estimate Ox6F AA 55 00 00 07 00 6F 76 00 i
GPGGA _GPRMC_GPHDT Ox5E AA 55 00 00 07 00 5E 65 00 i
SetOnRequestMode 0xC1 AA 55 000007 00 C1C800 i
Stop OxFE AA 55 0000 07 00 FE 05 01 i
Aiding_data 0x62 Has a variable structure, see Section 5.7.4 0
LoadINSpar 0x40 AA 55 0000 07 00 40 47 00 i
ReadINSpar 0x41 AA 55 0000 07 00 41 48 00 i
GetBIT Ox1A AA 55 0000 07 00 1A 21 00 o
(On Request mode)
GetDevlinfo 0x12 AA 5500000700121900 i
DevSelfTest 0x13 AA 550000070013 1A00 i
GetExplnfo 0x14 AA 550000070014 1B 00 I
LoadINSpar RAM 0xBO Has a variable structure, see Section 5.3.13 T
ReadINSpar RAM 0xB1 Has a variable structure, see Section 5.3.13 i
SavelNSpar_FLS 0xB2 AA 55 00 00 07 00 B2 B9 00 i
PPPSEED STORE 0xB6 AA 55 00 00 07 00 B6 BD 00 0
PPPSEED RESTORE 0xB7 AA 55 00 00 07 00 B7 BE 00 0
PPPSEED CLEAR 0xB8 AA 55 00 00 07 00 B8 BF 00 0
CAN2_message_set_config 0xB9 AA 55 00 00 07 00 B9 CO 00 T
Inertial Labs, a VIAVI Solutions Company 303

www.inertiallabs.com



https://inertiallabs.com/

@
' : GPS-Aided INS
7L|nertlal LabS Interface Control Document Revision 2.97
~ a VIAVI Solutions company
Get CAN2 message_set_struct OxBA AA 55 00 00 07 00 BA C1 00 T
GNSS switch on 0x71 AA 55 00 00 07 00 71 78 00 0
GNSS switch_off 0x72 AA 55 00 00 07 00 72 79 00 0
Diff press switch _on 0x73 AA 550000070073 7A00 0
Diff press_switch_off 0x74 AA 550000070074 7B 00 0
AddZone UDGRS 0xBC AA 55 000007 00 BC C300 i
Read UDGRS 0xBD AA 55 00 00 07 00 BD C4 00 T
Clear UDGRS 0xBE AA 55 00 00 07 00 BE C5 00 T
Extended cmd variable Has a variable structure, see Section 5.3.14 0
Commands for INS calibration on hard/soft iron
Start2DClb 0x21 AA 55 00 00 07 00 21 28 00 )
Start2D2TClb 0x22 AA 55 00 00 07 00 22 29 00 )
Start3DClb 0x23 AA 55 00 00 07 00 23 2A 00 )
StartVG3DCIb 0x25 AA 55 00 00 07 00 25 2C 00 )
StartVG3Dclb_flight 0x26 AA 55 00 00 07 00 26 2D 00 0
StopVG3Dclb_flight 0x27 AA 55 00 00 07 00 27 2E 00 0
StartCIbRun 0x2B AA 55 00 00 07 00 2B 32 00 )
Stopdgl bRun 0x20 AA 55 00 00 07 00 20 27 00 )
Finishdglob 0x2C AA 55 00 00 07 00 2C 33 00 )
AcceptClb Ox2E AA 55 00 00 07 00 2E 35 00 )
ExitClb OXFE AA 55 00 00 07 00 FE 05 01 )
ClearClb Ox2F AA 55 00 00 07 00 2F 36 00 )
GetCIbRes Ox2A AA 55 00 00 07 00 2A 31 00 )
StopMagAutoClb 0x3B AA 55 00 0007 00 3B 42 00 0
ResumeMagAutoClb Ox3A AA 55 00 00 07 00 3A 41 00 0
Commands for odometer calibration
Start Odom_ClIb 0x28 AA 55 00 00 07 00 28 2F 00 0
Stop_Odom_Clb 0x29 AA 55 00 00 07 00 29 30 00 0
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Appendix C. Forms of the Inertial Labs INS Orientation
Presentation

The coordinate system is defined as OXoYozo fixed to the carrier object, where Oxo
axis is lateral and directed to the right; Oy, axis is longitudinal and directed forward;
Oz, axis is normal and directed vertical. At usual installation of the INS on the
carrier object, the INS appropriate axes should be parallel to the axes as the above
Fig. 2.9 illustrates. Additionally, it is possible to install the INS in any known position
relative to the object with known alignment angles (see Appendix A for details).

The Inertial Labs INS calculates orientation of the coordinate system OXoYyozo fixed
to the carrier object with respect to Cartesian geographical reference frame Oxyz
where axes Ox and Oy are in the level and directed to the east and north, and Oz
axis is directed up. Such reference frame is also known as ENU (East-North-Up)
Earth-level frame.

Measured angles are the standard Euler angles of rotation from the Earth-level
frame to the object frame: heading K is first, then pitch g, and then roll g (see Fig.

C.1).
Z(Up)
Z,(vertical) 6 ¢
Y, (Longitudinal)
(East) (North)
X,(Lateral)
Fig. C.1. Transformation of coordinate systems
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Notes:

1. Positive direction of heading is clockwise. So, heading K is shown with a minus
sign on Fig. C.1.
2. In different applications,iheadi ngo i s also known as fazi

al so known as Nnelevationo or ntilto; Arol | «

Due to the definition of Euler angles, there is a mathematical singularity when the
object longitudinal yo-axis is pointed up or down (i.e., pitch approaches +90 ). This
singularity is not present in the quaternion or directional cosine matrix (rotation
matrix) presentation.

Directional cosine _matrix (DCM) is the rotation matrix & from the object body
reference frame OXoYyozo to the geographical reference frame Oxyz. According to
Fig. C.1, DCM can be represented through Euler angles as

ecosK cog+ silK singsin g sl cos g dés sin gKin cos @1
o= sinK cogy +coK singsin g cdé& cos g- #n sin gBos cos g C.1
g - cosg sing sin g Cos @s g

Or, Euler angles can be calculated from elements cj; of directional cosine matrix 4 :

K =arctani2 ; g =arcsinc,, g= arctan??l c.2
2 3

Additionally, the Inertial Labs INS provides orientation output in guaternion (Q)
form, which is a hyper-complex number with four components

Q=( & & &) C.3

where qo is real part, qi, g2, g3 are vector part. In other words, go represents the
magnitude of the rotation, while the other three components represent the axis
about which that rotation takes place. With only four components, quaternion
representation of orientation is computationally efficient. However, manipulation of
guaternions is not intuitive, so their use in place of directional cosine matrices may
increase the chances of unintentional user errors.

Quaternion Q Is converted to directional cosine matrix & using the following
expressions:
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gqéwf -¢ ¢ 2(q9 @9 2(9g9 g9
C=&(q% +0q) 4 4§ 4 4§- 2(qq g9 C.4
52(0%- %%) 2qq+4d & 4 § &

The reverse conversation from directional cosine matrix & to quaternion Q is as
follows:

1 e i . -
=_ 1 , - C32 23. — CJ.S C31. — 21 ClZI ]
0} 2\/ €, 8, CGhq —4010 ; Oy —4q0 ; O —4q0 C.5

Expressions (C.5) are widely used, but they have singularity at go = 0. Therefore,
the Inertial Labs INS uses other expressions that have no singularity:

1 1 y
qo=§\/1 €, &, Cf 0&25\/1 €, €, GCg S'Q@ G, QQ
C.6

1 . 1 o
q2=5J1 -, 6, Cy sigfg, c) 03=5J1 -, &, cf sigfc, c)

When needing to calculate Euler angles from quaternion, calculate elements ci2,
C22, C31, C32, C33, according to (C.6), and then use formulas (C.2):

2(q0, - ) _ : |
K = arctan =arcsin 2.“] +Zlo
W+E - & 9 (2.0 24

C.7
g= -arctan 2(%% - %)

CrE G 4

where arctan is four-quadrant inverse tangent.

Inertial Labs, a VIAVI Solutions Company 307
www.inertiallabs.com



https://inertiallabs.com/

. _
{/InertialLabs S

g Interface Control Document Revision 2.97
~ a VIAVI Solutions company

Appendix D. Instant and Averaged Output Data of the
Inertial Labs INS

D.1. Variants of INS Orientation, Position , and Velocity Data in
the Inertial Labs INS

If the output data rate is set to less than 200Hz, the Inertial Labs INS can provide
the following instant or averaged output data:

1 heading, pitch, roll, and quaternion of orientation
1 position and velocity data
1 barometer data: pressure and barometric height

Instant or average variant of output data can be set via parameter 0x03
Output_data_avrg (see Table 5.99) since INS firmware version 3.3.0.1.

If instant output data variant is chosen, the INS outputs the latest sample of INS
data in the data message.

If average output data variant is chosen, the INS outputs the average of the
internal 200 Hz samples between two data messages.

D.2. Variants of Sensors Output Data in the Inertial Labs INS

The gyros in the INS measure angular rate (in deg/s); the accelerometers measure
acceleration (in g); and the magnetometers measure magnetic field (in nT). Sensor
data are processed to provide 200 Hz orientation and navigation data.

To make the INS data more versatile, INS sensors data output comes in three
forms:

 Instant sensors data
1 Average sensors data
M Incremental sensors data

Variants of sensors output data can be set with Sensors_output_var parameter
(code Ox77).
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If the instant sensors data variant is chosen, the INS outputs the latest sample of
sensors data in the data message.

If the average sensors data variant is chosen, the INS outputs the average of the
IMU internal samples between two data messages.

If the incremental sensors data variant is chosen, the INS outputs integrals of
sensors data calculated for IMU internal samples divided by time step of data
output. In fact, gyros and accelerometers data are presented here as angle
increment and velocity increment (Delta Theta and Delta Velocity) between two data
messages divided by time step of data output. Magnetometers data are the same as
at the average sensors data variant.

All variants of sensors data output are in the following measurement units:

1 Gyros data are in deg/s
! Accelerometers data are in g (g=9.8106 m/s?)
1 Magnetometers data are in nT
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Appendix E. Definition of the WGS84 ECEF Coordinate
System

WGS84 ECEF is Earth-centered, Earth-fixed orthogonal, a right-handed coordinate
system, see Fig. E.1.

Coordinate origin Oecer is the Earth® center of mass.

Z-Axis is parallel to the direction of the Earth rotation axis.

X-axis and Y-axis are in the Earth equator. X-axis is intersection of the WGS 84
Reference (Zero) Meridian Plane and the plane of the Earth equator. Y-axis

completes ECEF orthogonal coordinate system, measured in the plane of the Earth
equator, 90° East of the X-Axis.

- ECEF

Earth's Center
of Mass

Zero Meridian

Equator

Fig. E.1. ECEF coordinate system
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REVISION HISTORY

Affected

Revision Date Remarks
Paragraphs
2.97 Jan. 06, 2026 5 1. Specified that all floating-point values are transmitted per
IEEE-754 (sign first).
5.3.13.5 2. Removed information about the Gyrocompassing procedure,

which is primarily supported by FOG-based INS models.
5.3.135 3. Updated description of the time_INS_max parameter (code
0x57).

5.7.4 4. Specified that the O6Base s
sent for each base station separately.

Available since firmware version 3.6.1.0

5.3.14,5.7.6 | 5. Expanded the Extended_cmd command functionality by
adding the possibility to enable or disable the Tunnel Guide
correction option on the fly, without stopping the entire system.
5.2.12 6. Added output of information about received Extended_cmd
command (User Defined Data message, 'Extended cmd' data
type, code 0xD5).

Previous revisions are available upon request.
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