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Revision history

Rev Date Author Information

24 Feb2,2024 RS SBGFWM-182 - Fixed inconsistent 0x3FF CAN message id limitation
SBGFWM-174 - Correct Binary Output Logs Availability for IMU SHORT
SBGFWM-173 - Updated DOLOG HRP and Kongsberg MB logs to use body rates
SBGFWM-169 - Remove validity threshold values from SOLUTION_STATUS message as it's user defined
SBGFWM-168 - Remove unused SBG_ECOM_SOL_MODE_NAV_VELOCITY status
SBGFWM-167 - Fixed units for secondary lever arm X and Y axes in SBG_ECOM_CMD_GNSS_T_INSTALLATION
SBGFWM-166 - Update SBG_ECOM_LOG_GPS#_HDT with numSvTracked/Used info
SBGFWM-165 - Add protocol version and compatibility notes
SBGFWM-162 - Add new SBCG_ECOM_LOG_EKF_VELOCITY_BODY message
SBGFWM-161 - Add new SBG_ECOM_LOG_EKF_ROT_ACCEL_NED/BODY messages
SBGFWM-160 - Added to SBG_ECOM_LOG_UTC_TIME internal clock quality indicators
SBGFWM-159 - Added details for interfaces support sbgECom commands
SBGFWM-158 - Update SBG_ECOM_LOG_GPS#_POS with interference/spoofing/numSvTracked
SBGFWM-153 - Remove mention of Ellipse-E for external GNSS support
SBGFWM-151 - Update Table 25: SbgEComSyncOutFunction enum direct PPS information
SBGFWM-150 - Add new Ethernet Tx and Rx status flags in SBG_ECOM_LOG_STATUS message
SBGFWM-149 - Improved command and output logs availability for each product familly
SBGFWM-148 - Improved SBG_ECOM_LOG_IMU_DATA and SBG_ECOM_LOC_IMU_SHORT documentation
SBGFWM-147 - Fixed ADA wrong frame offset indications
SBGFWM-146 - Update magnetic field calibration procedure and documentation
SBGFWM-144 - Add NMEA GSV output message
SBGFWM-143 - Added magnetometers output in ADA 01 data packet
SBGFWM-142 - Add a new PSBGA NMEA message that output the INS attitude
SBGFWM-141 - Fixed invalid field offset for SBG_ECOM_LOG_GPS#_POS message
SBGFWM-140 - Added a truck and railway motion profile
SBGFWM-139 - Add support for the Teledyne Wayfinder DVL protocol
SBGFWM-138 - Add SBG_ECOM_LOG_GPS#_SAT with space vehicles in view information

23 Feb28,2022 RS SBGFMW-136 - Add new GET/POST commands to support shginsRestApi over serial
SBGFMW-135 - Updated sbgECom frame definition with new large frame support
SBGFMW-134 - Add NMEA message GPROT definition
SBGFMW-124 - Added KMB binary sensor output log for High Performance INSsb
SBGFMW-127 - Correct wrong table reference in section 2.3.3.2
SBGFMW-137 - Updated ELLIPSE-N messages availability to support hardware v3
SBGFMW-133 - Updated table 5.1.1 with PD6 support for ELLIPSE
SBGFWM-132 - Add in SBG_ECOM_CMD_ADVANCED_CONF an option select standard or extended NMEA mode
SBGFWM-131 - Add in SBG_ECOM_CMD_ADVANCED_CONF an option to always output time in NMEA messages
SBGFWM-130 - Fix NMEA GGA differential age field to comply with standard
SBGFWM-129 - Add in SBG_ECOM_CMD_ADVANCED_CONF a GNSS option bitmask
SBGFWM-128 - Added specific NMEA like output log WASSP
SBGFWM-125 - Add a new log SBG_ECOM_LOG_RTCM_RAW
SBGFWM-122 - Add SBG_ECOM_LOG_DIAG output to ease troubleshooting

2.2 0Oct29,2020 RS SBGFWM-126 - Now ELLIPSE-N and D can accept RTCM corrections over Port A
SBGFWM-106 - Added empty version of each NMEA message

21 Jun17,2020 RS SBGFWM-117 - Fix missing output example for NMEA HDT message
SBGFWM-116 - Fix ZDA fields numbering and added empty output example
SBGFWM-120 - Add Cobham AT_ITINS output log support
SBGFWM-119 - Added in SBG_ECOM_FEATURES gnss firmware version field
SBGFWM-118 - Removed legacy IG-500 protocol support
SBGFWM-115 - Simplified SbgEComGnssModelsStdlds enum for ELLIPSE-N and ELLIPSE-D

2.0 Apr22,2020 RS SBGFWM-112 - Added status field for SBG_ECAN_MSG_AUTO_TRACK_SLIP_CURV (0x220) message
SBGFWM-111 - Improve organization for High Performance INS
SBGFWM-110 - Add slip angle / curvature support for high performance INS
SBGFWM-108 - Add specific SBG_ECOM_THIRD_PARTY_ADA _01output log
SBGFWM-107 - Fix AHRS-500 euler rate to body rotation rates
SBGFWM-104 - Review NMEA Quality indicator translation and DOP computation
SBGFWM-102 - Added in SBG_ECOM_LOG_CPS#_POS status report for all GNSS constellations
SBGFWM-101 - Updated GGA/RMC number of decimal digits for latitude / longitude to 8
SBGFWM-99 - Added SBG_ECOM_LOG_NMEA_1_GGK message output
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19  Augl9,2013 RS SBGFWM-96 - Add compatibility support Crosshow AHRS500 series
SBGFWM-S5 - SBG_ECOM_CMD_GNSS_1_LEVER_ARM_ALIGNMENT deprecated
SBGFWM-94 - Added SBG_ECOM_CMD_GNSS_1_INSTALLATION command to set/get GNSS lever arm
SBGFWM-93 - Add INDYN NMEA like message output for marine applications
SBGFWM-92 - Add SBG_ECOM_OUTPUT_MODE_DIV_5 to output data at 40 Hz
SBGFWM-90 - Now SBG_ECAN_MSG_ODO_VELOCITY doesn't use float anymore
SBGFWM-8S - Now SBG_ECAN_MSG_UTC_1uses microsecond instead of tenth of millisecond
SBGFWM-88 - Updated CAN log default IDs for Ship Motion HP from 0x210 to Ox14A
SBGFWM-87 - Add CAN output message with track, slip and curvature indications
SBGFWM-86 - Add CAN output message with vehicle body velocity
SBGFWM-85 - Fix PASHR missing IMU/INS status char field
SBGFWM-84 - Fix typo issue on PSBGI message for gyroscope component Z
SBGFWM-83 - Add configuration commands for CAN odometer support
SBGFWM-82 - Add baseline length field in SBG_ECOM_LOG_GPS#_HDT log
SBCGFWM-81 - Added SBG_ECOM_SOL_DEPTH_USED in EKF solution status
SBGFWM-80 - Renamed SBG_ECOM_SOL_PRESSURE_USED to SBG_ECOM_SOL_AIR_DATA _USED
SBGFWM-79 - Renamed SBG_ECOM_AIDING_PRESSURE_RECV to SBG_ECOM_AIDING_AIR_DATA_RECV
SBGFWM-78 - Converted SBG_ECOM_AIDING_EM_LOG_RECV to SBG_ECOM_AIDING_DEPTH_RECV
SBCGFWM-77 - Updated SBG_ECAN_MSG_PRESSURE to SBG_ECAN_MSG_AIR_DATA and added airspeed
SBGFWM-76 - Updated SBG_ECOM_LOG_PRESSURE to SBG_ECOM_LOG_AIR_DATA and added airspeed
SBGFWM-75 - Updated SBG_ECOM_CMD_AIDING_ASSIGNMENT command for AirData support
SBGFWM-74 - Add SBG_ECOM_LOG_DEPTH and SBG_ECAN_MSG_DEPTH_INFO/ALTITUDE output logs
SBGFWM-73 - Add listing for AsteRx4 and AsteRx-m2a GNSS receivers
SBGFWM-71 - Add sbgECom Log Event Output useful for virtual odometer
SBGFWM-70 - Renamed DVL standard deviation fields to quality indicators
SBGFWM-68 - Updated SBG_ECOM_CMD_AIDING_ASSIGNMENT command for DVL support
SBGFWM-65 - Implement AirData aiding configuration commands
SBGFWM-64 - Implement DVL aiding configuration commands

1.8  Nov 8, 2018 RS SBGFWM-63 - Updated GNSS models for command SBG_ECOM_CMD_GNSS_MODEL_ID
SBGFWM-62 - Added new Swell Mode Ship Mation status flags
SBGFWM-61 - Added a new short IMU log message also used for post processing
1.7 Jun1, 2018 AG SBGFWM-60 - Fixed invalid Ethernet and CAN status flag definitions
SBGFWM-59 - Added missing availability of log PASHR for EKINOX and APOGEE
SBGFWM-58 - Removed magnetometer support for Ekinox
SBGFWM-56 - Added DOLOG HRP message documentation
SBGFWM-55 - Updated serial parity information as only EKINOX and APOGEE have this configuration

16  Febb, 2018 AG SBGFWM-54 - Fixed NMEA GST message availability for ELLIPSE A
SBGFWM-53 - Fixed invalid SBG_ECOM_LOG_EVENT _# availability matrix for ELLIPSE
SBGFWM-52 - Added support for ELLIPSE Micro product line
SBGFWM-51 - Added PORT E option for aiding module assignments
SBGFWM-50 - Fixed TSS1 status flags for heading aided but unstable
SBGFWM-439 - Fix PASHR heave sign definition
SBGFWM-48 - Updated ship motion description for ELLIPSE as this product only output heave
SBGFWM-47 - Fix reverted parameters in SBC_ECOM_CMD_COMPUTE_MAG_CALIB
SBGFWM-45 - Add SBG_ECOM_CMD_VALIDITY_THRESHOLDS command definition
SBGFWM-44 - Fixed GNSS HDT & RAW Binary Output Logs Availability description for Ellipse-N/D

1.5  Maré, 2017 AG SBGFWM-13 - Added Kongsberg Binary 26 message definition
SBGFWM-40 - Remove obsolete virtual odometer data
SBGFWM-42 - Add an uptime indication in SBG_ECOM_LOG_STATUS
SBGFWM-38 - Added SBG_ECOM_CMD_ETHERNET_INFO to retrieve current device IP address
SBGFWM-37 - Added SBG_ECOM_CMD_ETHERNET_CONF to set / get the Ethernet configuration
SBGFWM-28 - Add GST requirement in NMEA section
SBGFWM-33 - Added SBG Proprietary NMEA message with acceleration and angular rate
SBGFWM-29 - Add support for NMEA VTG output log on Ellipse series
SBGFWM-31 - Fixed Pressure and Altimeter Description in Firmware Manual
SBGFWM-30 - Added UAV moation profile definition (for low dynamic UAV applications)
SBGFWM-27 - Added proprietary NMEA message PASHR for roll, pitch, heading, heave
SBGFWM-32 - Added NMEA PSBGB prorpietary message
SBGFWM-34 - Add new output log class for NMEA proprietary messages
SBGFWM-36 - Removed deprecated "course" from the GNSS configurable aiding sources
SBGFWM-43 - Added GPS number of SV used and diff corrections details in sbgECan protocol
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14 Jun7 2016 RS SBGFWM-1 - Merged Ellipse and Ekinox series Firmware Manuals
SBGFWM-2 - Added IXBlue PHINF, PHTRO, PHLIN, PHOCT output log description
SBGFWM-3 - Added SBG_ECOM_SOL_ALIGN_VALID flag for EKF logs
SBCFWM-4 - Added SBG_ECOM_GENERAL_CPU_OK status flag
SBGFWM-5 - Removed references to ship motion 1to 3 due to new deported heave concepts
SBGFWM-6 - Now, CAN outputs share all enum and constants definitions with shgECom outputs
SBGFWM-8 - Added ZUPT Used in Solution status
SBGFWM-9 - Added KVH third party output format (SBG_ECOM_THIRD_PARTY_KVH)
SBGFWM -10 - Added SBG_ECOM_LOG_FAST_IMU_DATA, 1KHz IMU message for low latency applications
SBGFWM-11 - Added SBG_ECOM_CMD_OUTPUT_CLASS_ENABLE message documentation
SBGFWM-12 - Added SBG Proprietary NMEA message with acceleration and angular rate
SBGFWM-15 - Added SBF (Septentrio) protocol support on Ellipse-E
SBGFWM-18 - Fixed invalid port ID definition for the SBG_ECOM_CMD_OUTPUT_CONF
SBGFWM-20 - Fixed ID SBG_ECOM_LOG_PRESSURE from 31 to 36 in documentation
SBGFWM-22 - Added direct PPS from internal GNSS Sync Output (SBG_ECOM_CMD_SYNC_OUT_CONF)
SBGFWM-23 - Added Pressure Used in Solution status
SBGFWM-24 - Fixed Accelerometer and Magnetometer message description
SBGFWM-25 - Update support contact details

13 May4,2015 NM EKIDOC-29 - Fixed eCom logs name to be consistent with actual definitions
SBGFWM-19 - Fixed CAN Pressure message missing
SBGECOM-19 - Added SBC_ECOM_LOG_PRESSURE log for depth sensors and altimeters
EKIDOC-23 - Fixed SBG_ECOM_ETH#_TX/RX_OK status definitions
EKIDOC-20 - Add details about undulation for GPS data
SBGFWM-16 - Added diff correction age, diff base id and num sv to the SBG_ECOM_LOG_CPS#_P0S
EKIDOC-35 - Merged protocol modifications from Ellipse to Ekinox

1.2 Mar17,2014 AG Renamed GPS Omnistar solution type
Removed SBG_ECOM_POS_OMNISTAR_G2 position solution type
Added SBG_ECOM_PQOS_FIXED position type
Updated heave output messages specifications
Added new NMEA messages definition (GST, VBW)
Added settings import/export commands

11 Nov 15,2013 RS Added pitch field in GPS true heading data
Added DVL support output logs
Updated status definitions for DVL
Added Teledyne PDO and PRDID output logs
Added CAN messages specifications

1 May 6,2013 NM First version of this document

© 2007 - 2024, SBG Systems SAS. All rights reserved. Information in this document is subject to change without
notice. Copy or redistribution of this document is forbidden without express authorization of SBG Systems.
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1. Introduction

This firmware reference manual presents the input and output protocols supported by ELLIPSE, EKINOX, APOGEE,
NAVSIGHT, QUANTA and PULSE products families.

In this documentation, EKINOX, APOGEE, NAVSIGHT and QUANTA products are referenced as High Performance
INS products. These products all share the same firmware and as such offer the same features, output logs and
configurations. ELLIPSE series, on the other hand, have a different firmware with specific behavior.

The PULSE Inertial Measurement Units only support a very limited subset of sbgECom logs and commands. Please
refer to the product documentation directly.

With this manual, you will learn how to read data from the device and how to send some configuration commands
or aiding data to the device.

1.1. Protocol Version

1.1.1. Version Applicability

This manual applies to sbgECom protocol version 4.x and is implemented in sbgECom versions 4.x.

The table below shows as of 2023-07-19 the implemented protocal version for each product line:

Product Firmware Version Protocol / sbgECom version
ELLIPSE1/2/3 2.5 3.X

PULSE40 3 ax
EKNOX so ax
APOGE 5o ax
NAvSIGRT  so ax
QuANTA  so ax

1.1.2. Checking Version
For High Performance INS, you can check which shgECom protocol version is being used with the REST API:
http://<DEVICE IP>/api/vi/info

You should then check the eCom\Version field that reports the Major.Minor version.

1.1.3. Compatibility

Protocol evolution are reported by a new Major increment in the protocol/sbgECom versions. Protocol evolution are
designed to be backward and forward compatible.

To ensure forward compatibility, any new fields are added at the end of payloads and it is forbidden to remove
existing fields. The decoding software should simply ignore unsupported fields as done by the sbgECom library.

o Disclaimer: SBC Systems tries to maintain forward and backward compatibility as much as possible and
test various versions to ensure it. However, it is customer responsibility to re-qualify its integration
following a firmware or sbgECom update.
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1.2. Types definitions

1.2.7. S5calar types

When required, the following types will be used to describe variables format.

Type Description
Mask This type defines an unsigned integer variable used to store a set of bit-masks; This type has no pre-defined size and
user should refer to each occurrence for corresponding size.
T Thistype defnes 2 g10up o several bitsGefining st ofpossile states. Eachvalue coresponds toa tater T (ype
has no pre-defined size and user should refer to each occurrence far corresponding size.
bool 8bitsboolean, 0x00 is FALSE, 0x01is TRUE
uintg gbitsunsigned integer
s 8bitssigned integer
uinte  ebitsunsignedinteger
s I6bits signed integer
w2 32bitsunsignedinteger
32 2bitssigned integer
uinté4  6Abitsunsignedinteger
nted 64bitssigned integer
float 32bits single floating point, standard IEEE 754 format
double  64bitsdouble floating point, standard IEEE 754 format
voidl  Databuffer withvariablelength
string  Standard, null terminated ASCl string. String max size is defined in the message.

1.2.2. Vectors objects

Vectors are stored in a 1D array of float or double components.

VO
V=|vr, This vector is stored in memory this vva\/:‘ V, ‘ V, ‘ v, ‘
V

1.2.3. Matrix objects

Matrix are stored in a 1D array of float or double items. They are expressed in vector column format.

UO VO WO
M, ,=(U, V, W,| Thismatrixis stored this vvay:‘ UO‘ U, ‘ Uz‘ V, ‘ V, ‘ v, ‘ WO‘ w, ‘ Wz‘
u, v, w,

A
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1.2.4. Interpreting revision nurmbers

Some commands and messages contain revision numbers which are all coded as 32 bits unsigned integers. A
general rule of thumb is that a higher value in the version number always implies a more recent revision.

Two types of revisions are used with a different interpretation:
1.2.4.1. Basic revision type

This type of version implements a very common scheme, Major.Minor.Rev.Build. It's used everywhere when a
version is needed except for software and firmware. For example the basic revision type is used to identity the
version of the calibration data or hardware revision.

The basic revision type is formatted as follows:

Field Size (bits) Definition
SCHEME 1(MSB) This field is common to basic and software revision type

Set to O indicates a basic revision type
MAOR 7 Majorversionnumber-Range0toT27
MINOR 8 Minorversionnumber-Range 0t0 255
REV 8  Revson-RangeOto2ss
BULD 8  Buldnumber-Range0to255

1.2.4.2. Software revision type

The software revision scheme is used to identify the version of all firmware and software items:

Field Size (bits) Definition
SCHEME 1(MSB) This field is common to basic and software revision type

Set to Tindicates a software revision type
STATUS 3 Statusofthecurentsoftwarerelease
MAOR 6 Majorversionnumber -Range 0to63
MINOR 6 Minorversionnumber- Range 0t063
BULD 16 Buidnumber-Range0to65535

The status field provides useful information about the stability of this firmware version:

ShgVersionStatus enum definition

Status code Value Description

'SBC_VERSION_STATUS_DEV ~ 0x0  Thisversionisunder development - Internaluseonly
'SBC_VERSION_STATUS_ALPHA  Ox1  Thisversion isunder development - Internal useonly
'SBG_VERSION_STATUS_BETA ~ Ox2  Thisversionisabetaand should be used with caution
SBC_VERSION.STATUSRC 03 Thisversionisa release candidate
SBG_VERSION_STATUS STABLE ~ Ox4  Thisversionisan official release
'SBG_VERSION_STATUS_HOT_FIX  0x5  Thisversion is a stable release and contains abug fixes

1.2.4.3. Handling compatibility between basic and software revisions

It is easy to maintain compatibility between the basic revision and the software revision mode by just checking
MSB value: if we read 0, we are facing a basic revision value, while if we read 1, we have a software revision type.
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1.2.5. IP Address representation

The sbgECom protocol defines the type sbglpAddress to handle an Ipv4 address. The underlying type is an uint32
that stores the four 8 bits IP address fields in big endian to comply with Ethernet endianness.

As aresult, the ip address 192.168.1.2 (A.B.C.D) has the following memory organization:

Little Endian Platform Big Endian Platform
Byte Index (LSB) (MSB) | (MSB) (LSB)
0 1 2 3 0 1 2 3
Decimalvale | 182 168 1 2 | 192 e 1 2
HexValue | OxCO  OxA8  Ox01  0x02 | OxCO  OxA8  Ox01  Ox02
Valveasuint32|  33es3tes | 3232235758

1.3. Endianness

The sbgECom binary protocol uses little endian data format. Some binary third party messages can use big endian
data format. In this case, it's clearly specified in this documentation.

The sbgECom communication library has been designed to be compatible with both little and big endian
platforms.

For ASCII or NMEA messages, the platform endianness does not affect messages parsing or generation.

1.4. Conventions and units

SBG Systems AHRS and INS use the International System of Units (SI) when applicable. The device coordinate
frame is defined as North East Down (NED).

Physical quantity Unit description

Angle Radians, roll, pitch, yaw.

‘Rotationalspeed 1 ads'
7Acc7e|;ago; 777777 m 75'7 777777777777777777777777777777777777
Velocity 1 ms'
Latitude Degrees, positive North, negative South.
Longitude Degrees, positive East, negative West.
Altitude Meters positive Up, above Mean Sea Level, negative down.
ShipMotion Surge positive forward, Sway positive right, Heave positive down expressed in meters.

%
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1.5. Serial, Ethernet and Data-logger interfaces

Depending on the product you have, the device can feature different interfaces and configuration. All devices have
at least serial RS-232 and/or RS-422 interfaces. More advanced products also provide Ethernet connectivity as
well as an embedded datalogger.

You should refer to the Hardware Reference Manual of your product to get more details about available interfaces
and they specificities.

1.5.1. Serial interfaces
All serial ports use the following transmission format for communications:

Baudrates: 4800 to 921600 bps (INS) and up to 4 Mbit/s (IMUs)
8 bits data

1stop bit

Parity: None, Even, Odd, Mark, Space

No flow control

0 Note 1: ELLIPSE and High Performance INS only accept sbgECom commands over the serial port A.

0 Note 2: The parity configuration is only available for High Performance INS. For ELLIPSE, parity is always
set to None.

1.5.2 Ethernet interfaces

Network enabled products feature up to five Ethernet virtual serial ports: ETH 0, ETH1, ETH 2, ETH 3, ETH 4. Each
port provides an input and output channel for full duplex operations.

Ethernet ports can be configured as virtual serial ports over TCP/IP (server or client) or UDP. The UDP option offers
the best data throughput but doesn't guarantee that data are being sent or received correctly.

High Performance INS automatically creates an additional ETH CMD interface dedicated to sbgECom commands
communications. This interface is hard-coded to UDP with a 52140 listen port and 52414 transmit port.

0 Note 1: High Performance INS only accept sbgECom commands over the ETH 0 and ETH CMD interfaces.

0 Note 2: All data that are transmitted over Ethernet are protected by a 32 bits CRC even for an UDP
connection.

o Broadcast: You INS CPU might be overloaded due to equipment broadcasting UDP datagrams over
Ethernet. It is not possible to filter out these frames by hardware so the INS CPU has to process each one
of them before discarding it.

It is generally a bad practice to broadcast large amount of data over Ethernet in production environment.

RUA
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1.5.3. Data-logger interface

This interface is considered as a standard serial port and can be used to store any output data log. The data-logger
acts exactly as if you have stored all the raw bytes coming from a serial port. The internal data-logger can thus log
both binary logs and NMEA/ASCII messages.

1.6. CAN interface

The protocol described in this documentation is used to communicate with the AHRS / INS on a Controller-area
network (CAN) bus.

The CAN bus is a message based protocol designed in a first time for automotive applications and used today in
almost all industries.

The CAN implementation supports both CAN 2.0A and CAN 2.0B standards in a very versatile manner. It has been
designed to maximize the compatibility with third party equipment and CAN software.

1.6.1. Specifications
The following bitrates are supported:

1000 kBit/s
500 kBit/s
250 kBit/s
200 kBit/s
125 kBit/s
100 kBit/s
50 kBit/s
25 kBit/s
20 kBit/s

A maximum of 8 bytes per frame are transmitted, both standard (11 bits) and extended (29 bits) identifiers are
supported.

A
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2. sbgECom Binary Protocol

2.1. General description

The sbgECom protocol has been designed for compact and secured communications thanks to its binary form and
16 bits CRC. It's therefore very efficient for inertial navigation related communications that requires high
throughput and high data integrity.

In addition, the sbgECom binary protocol is the best way to access the device full features and accuracy. It's
strongly recommended to use this protocol to ensure the best integration into a host system.

2.1.1. Standard Frame definition

All frames sent through the sbgECom protocol have a common format, which is described below:

Field SYNC1 SYNC 2 MSG CLASS LEN DATA CRC ETX
Size (bytes) 1 1 1 1 2 0to 4086 2 1
Description Sync. Sync. Message Message Length of Payload data 16 bit End of

word word D class DATA section CRC frame
Value OxFF Ox5A - - - - - 0x33

0 Note 1: The LEN field contains the DATA section size in bytes. A O LEN field implies that no DATA section is
present. Maximum length value is 4086.

0 Note 2: The whole protocol is defined in LITTLE endian, so LEN and CRC fields are written directly in little
endian.

0 Note 3: CRC field is computed on [MSG, CLASS, LEN, DATA] fields. Check the following section CRC
definition for more details about CRC computation.

0 Note 4: Some third party frames are available on output and will not comply with this protocol format. A
specific format will then be defined for each frame. It belongs to the user to decode the different formats
if several protocols are used at the same time.

2.1.2. Large Frarme Support

The sbgECom low level protocal layer is limited to payload of up to 4086 bytes. Since sbgECom version 3.x,
introduced in January 2022, the low level protocol has been extended to support large payloads needed by the new
SBG_ECOM CMD API GET and sBG_ECOM CMD API POST COmmands.

The extended large frame protocol is only used by the device when the payload exceeds the standard maximum
frame size of 4086 bytes. The sbgECom library, for example, handle this automatically for you and SBG Systems
strongly recommend to use the sbgECom library directly when possible.

The protocol extension is fully backward compatible so if you don't use the new sBG EcoM cMD API GET and
SBG_ECOM_CMD API POST commands, you don't have to update your implementation.

RUA
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2.1.2.1. Large Frame Definition

To support payloads bigger than 4086 bytes, a simple pagination system is used. A transmission id field has also
been added to improve robustness and avoid mixing frames from different transmissions.

A large frame is indicated when the CLASS field MSB bit is set to 1 (ie 0x80). In this case, the frame definition is
the following:

Field SYNC1 | SYNC2 MSG CLASS LEN TXID | PAGEIDX | NRPAGES DATA CRC | ETX
Size (bytes) 1 1 1 1 2 1 2 2 0 to 4081 2 1
Description Sync Sync | Message ID | Message | Payload | Transfer | Current | Total pages | Payloaddata | 16 |End of

masgic | masgic class with | length + 5 ID Page count part bit | frame
word word bit 7 set Index CRC
Value OxFF 0x5A - - - - - - - - 0x33

2.1.2.2. Fields Details

Please find below more explanations on each field used in the large frame protocol:

Field Description

SYNC1 First sbgECom synchraonization byte. Magic word always equal to OxFF.
SYNC2  Second sbgECom synchronization byte. Magic word always equal to Ox5A.
MSG The message identifier within the Messages classes. Same definition as standard frame.
CLASS  The Messages classes but bit 7 is set to 1o indicate a large frame. Binary representation: ObTwoooox
LEN  Themessagelength in bytes and including TX ID, PAGE IDX, NR PAGES and DATA fields.
TXID Thetransmission identifier. A transmission can be composed of two or more large frames depending on the payload size to

transmit. The transmission identifier is incremented each time a new transmission is initiated and used to detect if large
frame are being mixed together during payload reassembly.

DATA The payload part that has to be reassembled by the host.
CRC The frame 16 bits CRC as defined in the standard frame.
ETX End of frame magic word, always set to 0x33.

0 Note 1: ELLIPSE Generation 1, 2 and 3 don't use large frame nor the new sbginsRestApi. You should only
consider large frame to fully support High Performance INS and PULSE IMU with the sbglnsRestApi.

o Note 2: Large frames are only used for commands and not for logs. SBGC Systems tries to keep output logs
as small as possible. If large output logs are sent such as RAW GNSS data, the log is streams in smaller
chunks to avoid large data burst.
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2.1.3. CRC definition

The sbgECom protocol uses a 16 bit CRC to detect corrupted messages. This CRC uses the following polynomial
value: 0x8408

You can find in the sbgECom library source code, the C code used to compute this CRC in the file misc/sbgCrc.c.
The sbgECom CRC implementation uses a lookup table to speed up the CRC computation.

In the C code below, you have a non optimized method to compute the 16 CRC.

/=1

* Compute a CRC for a specified buffer.

*

* \param[in] pBuffer Read only buffer to compute the CRC on.
* \param[in] bufferSize Buffer size in bytes.

* \return The computed 16 bit CRC.

*/

uintl6 t calcCRC(const void *pBuffer, uintl6é t bufferSize)
{

const uint8 t *pBytesArray = (const uint8 t*)pBuffer;
uintl6 t poly = 0x8408;

uintlé t crc = 0;

uint8 t carry;

uint8 t ig

uintl6 t Je

assert (pBuffer) ;

for (j = 0; J < bufferSize; j++)

{

crc = crc ~ pBytesArrayl[j];

for (1 = 0; 1 < 8; 1i++)
{
carry = crc & 1;
crc = crc / 2;
if (carry)

{

crc = crc’poly;

}

}

return crc;

A
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2.14. Messages classes

The following table lists the messages classes used in the sbgECom protocol.

CLASS ID Description
SBC_ECOM_CLASS_CMD_O 0x10  Class that contains sbgECom protocol commands
'SBG_ECOM_CLASS_LOG ECOM.O 0x00 Class that contains sbgECom output log messages.
'SBG_ECOM_CLASS_LOG_ECOM1 | OxOT Class that contains sbgECom messages that handle high frequency output
SBC_ECOM _CLASS LOG NMEA O | 0x02 Class that contains standard NMEA output logs; typically ones that containa
talker ID.

Note: This class is only used for identification purpose and does not contain any
sbgECom message.

SBC_ECOM_CLASS_LOG_NMEA1 0x03 Class that contains proprietary NMEA output logs; typically ones that start with
a SP or unofficial logs with NMEA style formatting
Note: This class is only used for identification purpose and does not contain any
sbgECom message.

SBG_ECOM_CLASS_LOG_THIRD_PARTY_O 0x04 Class that contains other third party output logs.
Note: This class is only used for identification purpose and does not contain any
sbgECom message.

Table 1: SbgFCom(lass enum
Commands vs logs

All messages that are part of CMD classes are used for information or configuration purposes. These messages
are not intended to change in real time and mainly reflect the device configuration or device name.

On the other hand, messages part of a LOG class contain changing data, such as sensor data, arientation, position
and so on.

2.1.5. Synchronous / Asynchronous outputs

The unit handle and send two types of logs. Some logs are synchronous and are thus output on a regular time
basis. You can then configure an output rate using a divider and the log will be sent by the device at the desired
output. It's the case, for example, for inertial data, orientation output or even navigation logs.

Other logs such as raw GNSS, Odometer, DVL are considered as asynchronous. These logs are generated when a
new information is received such as a new GNSS position or a new odometer pulse. These logs are sent on a 'new
data' event and the log is time stamped to the age of the data it stores.
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2.2. GNSS Definitions

Please find in this sections all common definitions related to the GNSS and used by the sbgECom binary protocal.

2.2.1. Constellations

Please find below the enum definitions for all GNSS constellations.

Enum Value Description

SBC_ECOM_CONSTELLATION_ID_UNKNOWN O

SBG_ECOM_CONSTELLATION_ID_QZSS 5

SBG_ECOM_CONSTELLATION ID.SBAS 6
SBG ECOM CONSTELLATION D IRNSS 7
'SBG_ECOM CONSTELLATION.ID_LBAND 8

2.2.2. Satellite Id

The sbgECom uses the RINEX satellite Id definition to identify each space vehicle tracked by a GNSS receiver. The
satellite Id definition depends on the GNSS constellation as explained below:

PRN for GPS, Galileo, BeiDou, IRNSS
Slot number for GLONASS

PRN-100 for SBAS

PRN-192 for QZSS

2.2.3. 5ignals
Please find below the enum definitions for GNSS signals.

Enum Value

SBG_ECOM_SIGNAL_ID_UNKNOWN 0

SBG_ECOM_SIGNAL_ID_GPS_L1C_DP 10

'SBG_ECOM.SIGNAL_ID_GPS._L'CD 1
SBG_ECOM_SIGNALID GPS.LICP 1
SBC_ECOM_SIGNALD.GPS.LLW 1
SBC_ECOM_SIGNALID GPS.L1CA w4
SBGECOM SIGNALID.GPSL® 15
SBG_ECOM.SIGNALID.GPS._L1PY &
SBG_ECOM_SIGNALID.GPS.LM 17
SBG_ECOM_SIGNAL D GPS.L2cML 18
SBG_ECOM.SIGNALID GPS.L2cL 19
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SBG_ECOM_SICGNAL_ID_BEIDOU_B1Q 102

'SBG ECOM SIGNAL ID BEDOU BICP 03
'SBG_ECOM SIGNAL ID BEIDOU BICDP 104
'SBG_ECOM SIGNAL ID BEDOU BICO s
'SBG ECOM SIGNAL ID BEIDOU BIAP 1.6
'SBG_ECOM SIGNAL ID_BEIDOU BADP 107
'SBG_ECOM SIGNAL ID BEDOU B1AD 108
'SBG ECOM SIGNAL ID BEDOU B2 1.9
'SBG_ECOM SIGNAL 1D BEDOUB2 om0

SBG_ECOM_SIGNAL_ID_BEIDOU_B2A_DP 12

'SBG_ECOM SIGNAL ID BEIDOU B2A0D 13
'SBG_ECOM SIGNAL ID BEIDOU B2 4
'SBG_ECOM SIGNAL ID BEIDOU B28 s
'SBG_ECOM SIGNAL ID BEIDOU B28DOP 16
'SBG_ECOM_SIGNALID_BEIDOU B280 w7
'SBG_ECOM SIGNAL ID BEIDOU B2ABP 18
'SBG_ECOM_SIGNALID_BEIDOU B2ABDP 19
'SBG_ECOM SIGNAL ID BEIDOU B24BD 120
'SBG ECOM SIGNAL ID BEDOUBQ a1
'SBG_ECOM SIGNALID BEIDOU B3 2
'SBG_ECOM SIGNAL ID BEIDOU B3Q 123
'SBG_ECOM SIGNALID BEIDOU B3AD 14
'SBG_ECOM SIGNAL ID BEIDOU B3AP 15
'SBG_ECOM SIGNAL ID BEIDOU B3ADP 16

SBCG_ECOM_SICNAL_ID_QZSS_L1C_DP 150

SBG_ECOM_SIGNALID_QZSS.CD s
SBG_ECOM SIGNAL D QZSS.tcP s
SBG_ECOM_SIGNALID_QZSS_.1.CA 13
SBG_ECOM_SIGNALID_0ZSS_LLSAF 154
'SBG ECOM SIGNAL D QzSS 158 15
SBG_ECOM_SIGNALID_QZSS_2cML 16
SBG_ECOM SIGNAL D QZSS.t2cL 17
SBG_ECOM_SIGNALID Q7SS.t2cM 18
SBG_ECOM_SIGNAL D 0ZSS.(51Q 19
SBG ECOM SIGNAL D QzSS (51 w0
SBG_ECOM SIGNAL D 0ZSS.(50 &
SBG_ECOM SIGNAL D QZSStssl9 e
SBG_ECOM_SIGNALID QZSS.SSI &
SBG_ECOM SIGNAL D 0ZSS.(550 &4
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SBG_ECOM_SICGNAL_ID_QZSS_L6_P 165

'SBG_ECOM SIGNAL ID OZSS L6 P 1.6
'SBG_ECOM SIGNAL D QZSS 60 17
SBG_ECOM SIGNAL D 0ZSS.L6 € .8
'SBG ECOM SIGNAL ID Q7SS L6 DE 18
777777777777 SBASsystem (180t0139)
'SBG_ECOM SIGNAL ID SBAS L1 CA 180
'SBG ECOM SIGNAL D SBAS (51 w8
'SBG_ECOM SIGNAL D SBAS (SO 182
'SBG_ECOM SIGNAL D SBASL51Q 183

SBG_ECOM_SIGNAL_ID_IRNSS_L5_A 200

'SBG_ECOM SIGNAL D IRNSS (5B 200
SBG ECOM SIGNAL IDRNSS LSC 200
'SBG_ECOM SIGNAL ID IRNSS L5 BC 203
SBG_ECOM SIGNAL IDRNSS S9.A 204
'SBG ECOM SIGNAL ID IRNSSS38 205
SBG_ECOM SIGNAL IDRNSS S9.C 206
'SBG_ECOM SIGNAL ID IRNSS S3.8C 207
~ LBadsysem(20t0230)
'SBG ECOM SIGNALID.LBAND 20
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2.3. SBG_ECOM_CLASS_CMD_0

2.3.1. Introduction to sbgECorm commands

This mode is used mainly for configuration operations. A setting command is sent to the device which provides,
once the operation is performed, an appropriate answer. This type of communication is therefore a bi-directional
communication.

The basic principle of operation behind the sbgECom commands is driven by the frame payload, as explained in the
following section.

2.3.1.1. Reading configuration

When the user asks the sensor for a specific configuration, the configuration frame will be sent without any
payload (or with a limited payload). For example, the frame SBG_ECOM_CMD_ODO_CONF, sent without any
parameter, will request odometer's current configuration.

As an answer, the device will return the same frame SBG_ECOM_CMD_0ODO_CONF, but with full payload:

Field Description Unit Format | Size | Offset
CAIN Odometer's gain Pulses/m float 4 0
GAIN_ERROR | User gain average error % uint8 1 4
DIRECTION Odometer's direction: - bool 1 5
0: positive
1: negative
Total size 6

2.3.1.2. Setting a new configuration

If the user want's to apply a new configuration, then he can send the configuration message with full payload.
Device's answer will be an acknowledge frame, providing information about potential errors during configuration.

Commands effectivity

There are three types of commands, and these types influence the way settings are applied:

e (ommands that affect all settings at a time such as importing a complete configuration, or restoring default
settings will take immediate effect and will force a device reboot as soon as applied.

e (ommands that deeply affect sensor configuration will not be applied instantaneously and will remain
cached in RAM memory until a SBG_ECOM_CMD_SETTINGS_ACTION (01) is issued, with
SBG_ECOM_SAVE_SETTINGS parameter. The device will then save settings and reboot with new
configuration.

e (Commands that only slightly affect configuration will be applied immediately. These commands are just
stored in RAM memory. If this configuration needs to be saved in non-volatile memory, then a
SBG_ECOM_CMD_SETTINGS_ACTION (01) command with SBG_ECOM_SAVE_SETTINGS parameter must be
used.

We specify in this document for all commands if new configuration is applied immediately or after reboot time.
2.3.1.3. Acknowledge

Name in sbgECom convention (msg ID): SBG_ECOM CMD_ACK (00)
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Most configuration commands will get an Acknowledge frame as answer. The ACK frame contains two fields, the
first one is the command ID that is being acknowledged. The second one is the returned command status used to
know if the command has been executed successfully or if an error has occurred.

Payload description
Field Description Unit Format | Size | Offset
cmdld Acknowledged CMD ID - uint8 1 0
classld Acknowledged CLASS ID - uint8 1 1
errorCode Returned error code if any - Table 2 enum uint16 2 2
Total size 4
Enum definitions
Error Code Value Description
SBG_NO_ERROR 0x00 The command has been properly executed
SBCERROR  0x01  Commandcouldnot be executed properly due to ageneric error
SBCNULLPOINTER ~ 0x02  ApointerequaledNULL
SBCUNVALD.CRC ~ 0x03  Aframewithaninvalid CRC has beenreceived
SBGNVALDFRAME ~ 0x04  Theframesenthasaninvalidformat
SBCTIMEOUT ~ 0x05  Atimeoutoccurred before getting the answer
SBCWRITEERROR ~ 0x06  Thedevicecouldnotwritesomedata
SBGREAD.ERROR ~ 0x07  Thedevicecouldnotread somedata
'SBC_BUFFER_OVERFLOW ~ 0x08  Thebufferistoo smalltocontain the whole frame
'SBGINVALID_PARAMETER ~ 0x09  Apaameterhasanonvalidvalie
SBCNOTREADY ~ Ox0A  Thedeviceisnot ready for ommunication
SBC_MALLOC_FAILED ~ 0x08  Couldrotallocate memory
'SBGINCOMPATIBLE HARDWARE ~ 0x13  The command cannot be executed because of hardware incompatibility
SBCNVALIDVERSON ~ 0x14  The command cannot be executed because of version incompatibility

Table 2: SbgErrorCode enurm
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2.3.2. Large buffers transmission (Transfer sub-protocol)

Some commands from the sbgECom protocol involve data transmission. A transfer sub-protocol is in place to
assure a reliable way to send large amount of data from and to the device.

This sub-protocol encapsulated into sbgECom protocol frames works in a master/slave communication scheme
where the host acts as the master and the device the slave. The transfers are divided in 3 steps (initialization,
data transmission, finalization) which is described below in case of emission and reception.

The following transfer sub-commands are available:

Transfer Command Command ID Description

SBG_ECOM_TRANSFER_START 0x0000 Initialization of the transfer
'SBG_ECOM_TRANSFER DATA ~ 0x0001  Datatansmission
'SBC_ECOM_TRANSFER END  0x0002  Finalization of the transfer

2.3.2.1. Sending data to the device
Initialization

To initiate a transfer, the host issue an SBG_ECOM_TRANSFER_START, followed by the total size of the transfer.
The device will respond with an ACK if it was able to prepare for the reception, a NACK otherwise.

Field Description Unit Format | Size | Offset
transferCmd Transfer command: SBG_ECOM_TRANSFER_START (0x0000) enum uint16 2 0
transferSize Total size of the data to be transferred - uint32 4 4
Total size 6
Data transrmission

Once the transfer is successfully initialized, the host sends buffers sequentially beginning with an
SBG_ECOM_TRANSFER_DATA sub command, the offset from the start of the transfer and the byte stream. It
must wait for the device ACK before sending the next one. If the device responds with a NACK or does not
respond, the host must try sending the buffer again.

Field Description Unit Format | Size | Offset
transferCmd Transfer command: SBG_ECOM_TRANSFER_DATA (0x0001) enum uint16 2 0
offset Offset from start where to copy new buffer - uint32 | 4 2
payload Data buffer to transfer - void[] | n 6
Total size 6+n

%
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To end the transfer, after all the data has been sent, the host issues an SBG_ECOM_TRANSFER_END. The device
will process the whole transfer and respond with an ACK or NACK whether it has validated the received data or

not.

Field Description Unit Format | Size | Offset

transferCmd | Transfer command: SBG_ECOM_TRANSFER_END (0x0002) enum unit16 2 0
Total size 2

2.3.2.2. Receiving data from the device

Initialization

To initiate a transfer, the host issue an SBG_ECOM_TRANSFER_START. The device will prepare the data to send
and respond with a transfer SBG_ECOM_TRANSFER_START followed by the total size of the transfer. If an error
occurs, the device will issue an NACK.

Host request format:

Field Description Unit Format | Size | Offset

transferCmd Transfer command: SBG_ECOM_TRANSFER_START (0x0000) enum uint16 2 0
Total size 2

Device response format:

Field Description Unit Format | Size | Offset

transferCmd Transfer command: SBG_ECOM_TRANSFER_START (0x0000) enum uint16 2 0

transferSize Total size of the data to be transferred - uint32 4 4
Total size 6

27/178
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Once the transfer is successfully initialized, the host requests buffers sequentially beginning with an
ECOM_TRANSFER_DATA, the offset from the start of the transfer and the amount of data it requests. It must

validate every buffer it receives before requesting the next one. If the device responds with a NACK or does not
respond, the host must try requesting the buffer again.

Host request format:

Field Description Unit Format | Size | Offset
transferCmd Transfer command: SBG_ECOM_TRANSFER_DATA (0x0001) enum uint16 2 0
offset Offset from start where to copy new buffer - uint32 4 2
bufferSize Data buffer size requested for next transfer - uint32 4 6
Total size 10
Device response format:
Field Description Unit Format | Size | Offset
transferCmd Transfer command: SBG_ECOM_TRANSFER_DATA (0x0001) enum uint16 2 0
offset Offset from start where to copy new buffer - uint32 4 2
payload Data buffer to transfer - void[] | n 6
Total size 6+n
Finalization

To end the transfer, after all the data has been received, the host issues an ECOM_TRANSFER_END. The device
will return in a non transfer state and respond with an ACK or an NACK if an error occurred.

Field Description Unit Format | Size | Offset
transferCmd Transfer command: SBGC_ECOM_TRANSFER_END (0x0002) enum uint16 2 0
Total size 2
A
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2.3.3. Commands Overview

Inertial Navigation devices are a very advanced piece of technology with a lot of configuration options. All these
options can be redefined using the powerful sbgECom low level protocol.

The following commands are available:

Name (command ID) Description

SBG_ECOM_CMD_ACK (00) Acknowledge

'SBG_ECOM_CMD_SETTINGS ACTION(0) ~ Performs various settings actions
'SBG_ECOM_CMD_IMPORT SETTINGS (02) ~ Importsa new settings structure to the sensor
'SBG_ECOM CMD EXPORT SETTINGS (03 Export the whole configuration from the sensor
SBG.ECOM.CMDINFO(©4)  Cetbasicdeviceinformaton
'SBG_ECOM_CMD_INIT_PARAMETERS(05) ~Initialconfiguration
'SBG_ECOM_CMD_MOTION_PROFILEID(07) ~ Cet/Setmotion profile®
'SBG_ECOM_CMD_IMU_ALIGNMENT LEVER ARM (08) ~ Sensoralignment on vehicle configuraton
'SBG_ECOM_CMD_AIDING_ASSIGNMENT (03) ~ Aiding assignments such as RTCM / GPS / Odometer configuration
'SBG_ECOM_CMD_MAGNETOMETER MODEL ID(fl) ~ Set/Get magnetometererror model D
'SBG_ECOM_CMD_MAGNETOMETER REJECT MODE (12) ~ Magnetometer aiding rejectonmode
'SBG_ECOM_CMD_SET MAG CALIB(13) ~ Setmagneticsoftand hard lron calibrationdata
'SBG_ECOM CMD_START MAG CALIB(14)  Start/ reset internal magnetic field logging for calibration
'SBG_ECOM_CMD_COMPUTE_MAG_ CALIB(1S) ~ Compute a magnetic calibration based on previously logged data
'SBC_ECOM_CMD_GNSS_MODEL ID(7) ~ Set/GetGNSSmodeld
'SBG_ECOM _CMD_GNSS 1 LEVER_ARM ALIGNMENT (18) ~ DEPRECATED: GNSS installation configuration, lever arm, alignment
'SBG_ECOM_CMD_GNSS 1 INSTALLATION (46) ~ GNSS mechanical installation parameters (leverarm)
'SBG_ECOM_CMD_GNSS_1 REJECT_MODES (1)~ GNSSaiding rejection modes configuration.
'SBG_ECOM_CMD_ODO_CONF(200 ~ Odometergain, direction configuration
'SBG_ECOM_CMD_ODO_LEVER ARM(2)  Odometer installation configuration (leverarm)
'SBG_ECOM_CMD_ODO_REJECT_MODE(22) ~ Odometer aiding rejection mode configuration.
'SBG_ECOM CMD_ODO_CAN_CONF(45) ~ CAN odometer configuration to decode speed / reverse detection
'SBG_ECOM CMD_UART CONF(23) ~ UARTinteffaces configuration
'SBG_ECOM_CMD_CAN_BUS_CONF(24)  CANbusinterfaceconfiguration
'SBG_ECOM CMD_CAN_OUTPUT CONF(25) ~ CANidentifiers configuration
'SBG_ECOM_CMD_SYNCIN.CONF(26) ~ Synchronization inputs configuration
'SBG_ECOM_CMD_SYNC_OUT CONF(27) ~ Synchronization outputs configuration
'SBG ECOM CMD NMEA TALKER ID(29) ~ NMEAtalker Dconfiguration
'SBG_ECOM_CMD_OUTPUT CONF(30) ~ Outputconfiguration
'SBG_ECOM CMD_ADVANCED_CONF(32) ~ Advanced settings configuraton
'SBG_ECOM_CMD_FEATURES(33) ~ Retrievesensorand GNSS activated features
'SBG_ECOM_CMD_LICENSE APPLY(34)  Applyanewlicense using a license file / buffer.
'SBG_ECOM_CMD_OUTPUT_CLASS ENABLE(35)  Enable/disable the output of anentire class
'SBG_ECOM_CMD_ETHERNET CONF(36) ~ Set/get Ethernet configuration such as DHCP mode and IP address
'SBG_ECOM_CMD_ETHERNETINFO(37) ~ Retunthecurrent IPused by the device.
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Name (command ID) Description

SBG_ECOM_CMD_VALIDITY_THRESHOLDS (38) Set/get the navigation validity thresholds

'SBG_ECOM_CMD_DVL MODELID(39) ~ Set/gettheDVLmodelidtouse
'SBG_ECOM_CMD_DVL INSTALLATION (40)  Set/get the DVL installation configuration such as leverarm
'SBG_ECOM_CMD_DVL REJECT MODES (4) ~ Define / retrieve the DVL rejection modes configuration.
'SBG_ECOM_CMD_AIRDATA MODELID (42) ~ Set/get the AirData model id and input protocol touse
'SBG_ECOM CMD AIRDATA LEVER ARM (43)  Set/get the AirData installation configuration such as leverarm
'SBG_ECOM_CMD_AIRDATA REJECT_MODES (44)  Define / retrieve the AirData rejection modes configuration.
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The table below details the sbgECom commands availability according to a specific product family and product
type. For example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main column
'ELLIPSE'. Each available command is indicated with the e symbaol.

ELLIPSE High Performance INS
Name (Message ID) I A E N D A E N D
SBG_ECOM_CMD_ACK (00) ° ° ° ° ° ° ° ° °
'SBG_ECOM_CMD_SETTINGS ACTION(@) | o e e o e | o o o o |
'SBG_ECOM CMD_IMPORT SETTINGS(02) | & e e e e | |
'SBG_ECOM_CMD_EXPORT_SETTINGS(03) | o e e o e | |
'SBG_ECOM_CMD_INFO(O4) | o e e e e | o e e e |
'SBG_ECOM CMD_INIT_PARAMETERS(05) | o o e o e | |
'SBG_ECOM_CMD_MOTION_PROFILE_ID (07) | T
'SBG_ECOM_CMD_IMU_ALIGNMENT LEVER ARM(Q8) | o o o o e | |
'SBG_ECOM_CMD_AIDING ASSIGNMENT (9) | o e o | ]
'SBG_ECOM_CMD_MAGNETOMETER_MODEL.ID (1) | T
'SBG_ECOM_CMD_MAGNETOMETER_REJECT_MODE (1) | T
'SBG_ECOM CMD_SET MAG CALIB(3) | o e e e e | |
'SBG_ECOM_CMD_START_MAG_CALB(14) | o e e o e | |
'SBG_ECOM_CMD_COMPUTE_MAG_CALB(15) | o e o o e | |
'SBG_ECOM_CMD_GNSS_MODEL ID(7) | o e o | ]
'SBG_ECOM_CMD_GNSS_1_LEVER_ARM_ALIGNMENT (18) | e« e o | ]
'SBG_ECOM_CMD_GNSS_1_INSTALLATION (46) | e e o | ]
'SBG_ECOM_CMD_GNSS_1 REJECT_MODES(19) | e e o | ]
'SBG_ECOM_CMD_ODO_CONF (200 | e« e o | ]
'SBC_ECOM_CMD_ODO_LEVER ARM(21) | e e o | ]
'SBG_ECOM_CMD_ODO_REJECT_MODE (220 | e e o | ]
'SBG_ECOM_CMD_ODO_CAN_CONF(45) | e« e o | ]
'SBG_ECOM_CMD_UART CONF(23) | o e o o o | |
'SBG_ECOM CMD_CANBUS CONF(24) | o e e o e | ]
'SBG_ECOM_CMD_CAN_OUTPUT_CONF(25) | o e e o e | |
'SBG_ECOM_CMD_SYNC_IN.CONF(26) | o e o o o | |
'SBG_ECOM CMD_SYNC OUT CONF(27) | o e e o e | |
'SBG_ECOM_CMD_NMEA TALKERD(29) | o e e o e | |
'SBG_ECOM_CMD_OUTPUT.CONF(0) | o e o o o | |
'SBG_ECOM CMD_ADVANCED CONF(32) | o e e e e | ]
'SBG_ECOM_CMD_FEATURES(33) | o e e o e | |
'SBG_ECOM_CMD_LICENSE_APPLY(34) | e |
'SBG_ECOM_CMD_OUTPUT_CLASS ENABLE(3S) | o e o o e | |
'SBG_ECOM_CMD_ETHERNET_CONF(36) | | e« o o o |
'SBG_ECOM_CMD_ETHERNET_NFO(37) | ] e o o o |
'SBG_ECOM_CMD_VALIDITY THRESHOLDS(38) | & e e e e | |
'SBG_ECOM_CMD_DVL_MODEL.D(38) | e« e o | ]
'SBG_ECOM_CMD_DVL_INSTALLATION (40) | e e o | ]
'SBG_ECOM_CMD_DVL REJECT_MODES (4 | e e o | ]
'SBG_ECOM_CMD_AIRDATA_MODELID(42) | e« e o | ]
'SBG_ECOM_CMD_AIRDATA_LEVER ARM(43) | e e o | ]
'SBG_ECOM_CMD_AIRDATA REJECT MODES (44) | o e o | ]
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ELLIPSE High Performance INS
Name (Message ID) A E N D A E N D
SBG_ECOM_CMD_API_GET (46) ° ° ° °
SBGECOM CMD APLPOSTG47) | e e e e |

0 Note: If you have an EKINOX-M or APOGEE-M, please used the ‘A" High Performance product type. If you
have an EKINOX-U or APOGEE-U, please use the ‘E’ type.

2.3.5. Special settings commands

All these commands will affect the whole configuration, and therefore will engage a device reboot right after the
ACK is returned.

2.3.51. SBG_ECOM_CMD_SETTINGS_ACTION (01)

This command provides special settings actions such as saving settings or restoring default settings. User calls
this command with the payload as described below.

Payload description
Field Description Unit Format | Size | Offset
settingAction |Special setting action to perform - Table 3 enum uint8 1 0
Total size 1

Once this command is received, the device do the requested action, send an ACK and finally reboot the device.

Enurm definitiond
Name Value Description
SBG_ECOM_REBOOT_ONLY 0 No special action. The device will just reboot.
SBC_ECOM_SAVE_SETTINGS 1 The device will save new settings to non-volatile memory, and then reboot.
SBC_ECOM_RESTORE_DEFAULT_SETTINGS 2 Restore factory settings and calibration data, and then reboot.

Table 3: SbgEComSettingAction
2.3.5.2. SBG_ECOM_CMD_IMPORT_SETTINGS (02)
This command is used to send a buffer that contains a complete new set of settings to the device.
Thanks to this command, you can automate the device configuration for production proposes.

This command uses the transfer sub-protocal since the set of settings is too large to be sent in a unique sbgECom
protocol frame. See 2.3.2 Large buffers transmission (Transfer sub-protocol) and more specifically 2.3.2.1 Sending
data to the device for further information.

Field Description Unit Format | Size | Offset

cmd Transfer protocol CMD enum uint16 2 0

payload Transfer protocol payload - - 0-n 1
Total size 2+n

Once the transfer protocol is finalized, the device will send an ACK and reboot with new imported settings.

%
32/178 g5 SBG svsTEMS



Inertial Sensor Interface - Firmware Reference Manual SBGFWM.2 4

2.3.5.3. SBG_ECOM_CMD_EXPORT_SETTINGS (03)

You can export all the device settings to a buffer using this command. Use it in pair with the
SBG_ECOM_CMD_IMPORT_SETTINGS (02) command to automate a device configuration.

This command uses the transfer sub-protocol since the set of settings is too large to be received in a unigue
sbgECom protocol frame. See 2.3.2 Large buffers transmission (Transfer sub-protocol) and more specifically 2.3.2.2
Receiving data from the device for further information.

Field Description Unit Format | Size | Offset

cmd Transfer protocol CMD enum uint16 2 0

payload Transfer protocol payload - - 0-n 1
Total size 2+n

2.3.6. Information commands
2.3.6.1. SBG_ECOM_CMD_INFO (04)

Sent without any payload, this frame is considered as an information request. The following answer is returned:

Field Description Unit Format Size Offset
productCode Human readable Product Code - string 32 0
serialNumber Device serial number - uint32 4 32
calibationRev Calibration data revision - uint32 4 36
calibrationYear Device Calibration Year - uint1e 2 40
calibrationMonth Device Calibration Month - uint8 1 42
calibrationDay Device Calibration Day - uint8 1 43
hardwareRev Device hardware revision - uint32 4 44
firmwareRev Firmware revision - uint32 4 48
Total size 52

0 Note: Please check section Interpreting revision numbers for more details about how to read revision
values.

%
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2.3.7. 5ensor pararneters
2.3.7.1. SBG_ECOM_CMD_INIT_PARAMETERS (05)

This frame configures the initial position and date. These parameters are used for gravity and magnetic
declination computation.

When sent without any parameter, it is used to retrieve the current configuration. When sent with full payload, it
is then used for new configuration.

Payload description
Field Description Unit Format |Size Offset
initLat Initial latitude ° double 8 0
initLong Initial longitude ° double 8 8
initAlt Initial altitude (above WGS84 ellipsoid) m double 8 16
year Year at startup - uint16 2 24
month month in year at startup - uint8 1 26
day day in month at startup - uint8 1 27
Total size 28

If a configuration is performed, device answer is an ACK.

“ Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

%
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2.3.7.2. SBG_ECOM_CMD_MOTION_PROFILE_ID (07)

This command is used to define the motion profile ID to be used at next boot time, or read the current motion
profile configuration.

Sent with only the motion profile ID as parameter, the sensor will try to setup the new moation profile ID.

Field Description Unit Format Size Offset
motionProfileld Requested Motion profile identifier - uint32 4 0
Total size 4

Once this frame is received, the system will check if the motion profile ID requested is available and answer with
an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Sending this frame without any payload will ask for the current motion profile configuration. The system will
answer with the full payload version:

Field Description Unit Format Size Offset

motionProfileld Mation profile identifier - uint32 4 0

motionProfileRevision Motion profile version number - uint32 4 4
Total size 8

0 Note: Please check section Interpreting revision numbers for more details about how to read revision
values.

Standard motion profile IDs

The following IDs may be used in standard. Other specific models may be developed upon special request.

Name ID  Description

SBG_ECOM_MOTION_PROFILE_GENERAL_PURPOSE 1 Should be used as a default when other profiles do not apply
'SBG_ECOM_MOTION_PROFILE_AUTOMOTIVE 2 Dedicated to car applications
'SBC_ECOM_MOTION_PROFILE_MARINE 3 Used in marine and underwater applications
'SBG_ECOM_MOTION_PROFILE ARPLANE 4 Forfixedwings aircraft
'SBC_ECOM_MOTION_PROFILE_HELICOPTER 5 Forrotarywingaircraft
'SBG_ECOM_MOTION_PROFILE_PEDESTRIAN 6 Pedestrian applications using foot odometer
'SBG_ECOM_MOTION_PROFILE_UAV_ROTARY_WING 7 ForUAV platforms with low dynamics
'SBG_ECOM_MOTION_PROFILE_HEAVY_MACHINERY 8  Low dynamics vibrating applications with no specific travel direction
'SBG_ECOM_MOTION_PROFILE STATIC 9 Static motion profile that delivers stable results for 27/7 operations
'SBG_ECOM_MOTION_PROFILE_TRUCK 10 Truck applications with medium lateral velocity constraints
'SBG_ECOM_MOTION_PROFILE RALWAY 11 Train applications with relaxed lateral velocity constraints
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2.3.7.3. SBG_ECOM_CMD_IMU_ALIGNMENT_LEVER_ARM (08)

Sent without payload, this frame retrieves the current sensor alignment in vehicle frame as well as main lever
arm. Sent with full payload, this frame configures the sensaor alignment in vehicle.

Payload description
Field Description Unit Format Size Offset
axisDirectionX IMU X axis direction in vehicle frame - Table 4 enum uint8 1 0
axisDirectionY IMU Y axis direction in vehicle frame - Table 4 enum uint8 1 1
misRoll Residual roll error after axis alignment rad float 4 2
misPitch Residual pitch error after axis alignment rad float 4 6
misYaw Residual yaw error after axis alignment rad float 4 10
leverArm X Primary lever arm in IMU X axis (once IMU alignment is applied) m float 4 14
leverArm Y Primary lever arm in IMU Y axis (once IMU alignment is applied) m float 4 18
leverArm Z Primary lever arm in IMU Z axis (once IMU alignment is applied) m float 4 22
Total size 26

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enum definitions

Name Value Description

SBG_ECOM_ALIGNMENT_FORWARD 0 IMU Axis is turned in vehicle's forward direction
'SBG_ECOM_ALIGNMENT_BACKWARD - o IMU Axis is turned in vehicle's backward direction
'SBG_ECOM_ALIGNMENT LEFT . 2 IMU Axis is turned in vehicle’s left direction
'SBG_ECOM_ALIGNMENTRIGHT ;s IMU Axis is turned in vehicle's right direction
SBC_ECOM_ALGNMENT UP - s IMU Axis s turned in vehicle's up direction
'SBC_ECOM_ALIGNMENT DOWN s IMU Axis is turned in vehicle's down direction

Table 4. SbgFComAxisDirection enum
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2.3.74. SBG_ECOM_CMD_AIDING_ASSIGNMENT (09)

Sent without payload, this frame retrieves the current aiding modules assignment (which interfaces connects to
which module). Sent with full payload, this frame configures the aiding modules assignment.

Payload description
Field Description Unit Format Size Offset
gnss1Port CGNSS 1 port assignment - Table 5 enum uint8 1 0
gnss1Sync GNSS 1 sync assignment for PPS - Table 6 enum uint8 1 1
reserved Reserved field for future use - uint32 4 2
dvlPort DVL port assignment - Table 5 enum uint8 1 6
dvISync DVL sync assignment used for time-stamping - Table 6 enum uint8 1 7
rtcmPort RTCM input port assignment for DGPS and RTK - Table 5 enum uint8 1 8
airDataPort True airspeed and altimeter port assignment - Table 5 enum uint8 1 9
odometerPin Odometer module pin assignment - Table 7 enum uint8 1 10
Total size "

If a configuration is performed, device answer is an ACK.

0 Note 1: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01)
command is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enum definitions

You can find below all enumerations and constant definitions used in this command.

Name Value Description

SBG_ECOM_MODULE_DISABLED 255 Module is disabled

'SBG_ECOM_MODULE PORTA 0 Moduleconnectedon PORT A
SBC_ECOM_MODULE PORTB 1 Moduleconnectedon PORT 8
SBC_ECOM_MODULE PORT.C 2 Moduleconnectedon PORT C
SBG_ECOM_MODULE PORTD 3 Moduleconnectedon PORT.D
SBC_ECOM_MODULE PORTE 4 Moduleconnectedon PORTE
'SBG_ECOM_MODULEINTERNAL 5 Moduleis connected internally such as for internal GNSS receivers

Table 5: SbgEComModulePortAssignment enum

Name Value Description

SBC_ECOM_MODULE_SYNC_DISABLED 0 Module is disabled

'SBC_ECOM_MODULE SYNCIN.A 1 Synchronizationis done using SYNC_IN_Apin
'SBG_ECOM_MODULE SYNCIN.B 2 Synchronizationis done using SYNC_IN.Bpin
'SBC_ECOM_MODULE SYNCIN.C 3 Synchronizationis done using SYNC_IN_Cpin
'SBC_ECOM_MODULE SYNCIN.D 4 Synchronizationis done using SYNC_INDpin
'SBG_ECOM_MODULE SYNCINTERNAL 5 Synchronizationis internal
'SBC_ECOM_MODULE_SYNCOUT.A 6 Synchronizationis done using SYNC_.OUT Apin
'SBG_ECOM_MODULE SYNCOUT B 7 Synchronizationis done using SYNC_OUT Bpin

Table 6: SbgFComModuleSyncAssigniment enurm
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Name Value Description

SBG_ECOM_MODULE_ODO_DISABLED 0 Odometer is disabled

SBC_ECOM_MODULE ODOA 1 Odometerconnected only to ODO_A (unidirectional).
'SBG_ECOM MODULE ODOAB 2 Odometer connected to both 0DO_A (signal A) and ODO_B (Signal Bor

direction) for bidirectional odometer.

SBG_ECOM_MODULE_ODO_CAN 3 Odometer is read from the vehicle CAN bus
Table 7: SbgEComOdormeterPinAssignment enum

RUA
>

38/178 o SBG sysTEMS



Inertial Sensor Interface - Firmware Reference Manual SBGFWM.2 4

2.3.8. Magnetormeter configuration
2.3.8.1. SBG_ECOM_CMD_MAGNETOMETER_MODEL_ID (11)

This command is used to define the magnetometer model ID to be used at next boot time, or read the current
motion profile configuration.

Sent with only the magnetometer model ID as parameter, the sensor will try to setup the new motion profile ID.

Field Description Unit Format Size Offset
magModelld Requested Magnetometer model identifier - uint32 4 0
Total size 4

Once this frame is received, the system will check if the magnetometer model ID requested is available and
answer with an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Sending this frame without any payload will ask for the current motion profile configuration. The system will
answer with the full payload version:

Field Description Unit Format Size Offset

magModelld Magnetometer model identifier - uint32 4 0

magModelRevision Magnetometer model version number - uint32 4 4
Total size 8

0 Note: Please check section Interpreting revision numbers for more details about how to read revision
values.

Standard magnetometer model IDs

The following IDs may be used in standard. Other specific models may be developed upon special request.

Name D Description
SBG_ECOM_MAG_MODEL_NORMAL 201 Should be used in most applications
SBG_ECOM_MAG_MODEL_NOQOISY_MAG_TOLERANT 202 Should be used in disturbed magnetic environment
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2.3.8.2. SBG_ECOM_CMD_MAGNETOMETER_REJECT_MODE (12)

Sent without parameter, this command asks for the magnetometer rejection mode. Sent with full payload, this
command is used to configure the unit with provided rejection mode.

Payload description
Field Description Unit Format Size Offset
magRejectMode Rejection mode for magnetic field - Table 8 enum uint8 1 0

Total size 1

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will be applied immediately. Saving settings to flash after this command will
save new parameters for next use.

Enum definitions
Name Value Description
SBC_ECOM_NEVER_ACCEPT_MODE 0 Measurement is not taken into account
'SBG_ECOM_AUTOMATICMODE 1 | Measurement is rejected if inconsistent with current estimate (depending
on error model)
'SBG_ECOM_ALWAYS ACCEPT MODE 2 | Measurement is always accepted

Table 8: SbgEComRejectionMode enurm
2.3.8.3. SBG_ECOM_CMD_SET_MAG_CALIB (13)

This command sends a new magnetic calibration to the ELLIPSE. A magnetic calibration is composed of a
magnetic offset vector used to compensate for hard iron effects and a 3x3 correction matrix that accounts for soft
iron distortions.

Field Description Unit Format Size Offset
offset Hard Iron correction vector Offset - Vector 12 0
(float)
matrix Hard & Soft Iron correction matrix - Matrix 36 12
(float)
Total size 48

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will be applied immediately. Saving settings to flash after this command will
save new parameters for next use.
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2.3.9 Magnetorneter calibration
The ELLIPSE can perform an on-board magnetic calibration used to compensate both soft and hard iron effects.

The magnetic calibration uses measurements in several orientations to map the magnetic field distortions and
find optimal correction parameters.

Two algorithms are available:

e The 3D calibration offers the best accuracy and reliability but requires 3D motions with roll and pitch
dynamics of at least +/- 30°. This is perfectly fitted for small vehicles such as ROV, UAV, UAS, etc.

e The 2D calibration should be used when you can only rotate the unit around the yaw axis with little to no roll
and pitch motions. It is recommended for aircraft, helicopters or large boats.

The on-board magnetic calibration has some limitations compared to the sbgCenter off-board implementation.
Due to hardware constraints, ELLIPSE v1 and v2 can store up to 500 measurements whereas ELLIPSE v3 is able to
use up to 1000 magnetic measurements.

You have to carefully prepare the magnetic field calibration acquisition procedure to cover most motions before
the internal list is filled.

You can monitor at any time how much data have been acquired so far by issuing the command
SBG_ECOM_CMD_COMPUTE_MAG_CALIB (15).

0 Note: The device total rotation rate should be between 2°/s and 100°/s to validate and add a magnetic
measurement to the list. Moreover, magnetic measurements, that are too close, are also rejected to avoid
filling up the list too quickly.

2.3.9.1. SBG_ECOM_CMD_START_MAG_CALIB (14)

Start the magnetic calibration process. As soon as this command is sent, the device empties the list of already
acquired magnetic field measurements to start a new acquisition. You should start rotating the device to acquire
relevant magnetic field measurements to map surrounding hard and soft iron distortions.

Field Description Unit Format Size Offset

mode Define which magnetic calibration type to perform - Table 9 enum uint8 1 0

reserved Reserved, leave a zero value. enum uint8 1 1
Total size 2

If the command is correctly taken into account by the device, and ACK is answered.

Enum definitions

Name Value Description

SBC_ECOM_MAG_CALIB_2D 1 Tell the device that the magnetic calibration will be performed with
limited motions.
This calibration mode is only designed to be used when roll and pitch
motions are less than + 5°.
To work correctly, the device should be rotated through at least a full
circle.

SBG_ECOM_MAG_CALIB_3D 2 Tell the device to start a full 3D magnetic calibration procedure.

The 3D magnetic calibration offers the best accuracy but needs at least
motion of + 30° on the roll and pitch angles.

Table 9: SbgFComMaglalibMode enurm
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2.3.9.2. SBG_ECOM_CMD_COMPUTE_MAG_CALIB (15)

This command computes a magnetic calibration solution based on the magnetic field logged since the last call to
the command SBG_ECOM_CMD_START_MAG_CALIB (14). As soon as the computation is done, the device should
answer with quality indicators, status flags and if possible a valid magnetic calibration matrix and offset.

If a valid magnetic calibration has been computed, the returned offset and matrix fields should be sent to the
device using the command SBG_ECOM_CMD_SET_MAG_CALIB (13) to apply the new calibration.

Issue the command SBG_ECOM_CMD_COMPUTE_MAG_CALIB (15) with no payload to compute a new magnetic
calibration solution. The device should answer the following payload:

Field Description Unit | Format Size Offset
quality Ceneral magnetic calibration quality indicator - Table 10 enum | uint8 1 0
This indicator is computed based on the magnetic field norm deviation
after calibration.
confidence Confidence indicator of the above quality indicator - Table 11 enum | uint8 1 1
The better the magnetic field is mapped, the better the confidence
indicator is.
If you only cover very few portions of the 3D sphere or 2D circle, the
confidence indicator will be low.
advancedStatus Set of bit masks used to report advanced information on the magnetic Mask | uint16 2 2
calibration status - Table 12
Read this status to get more details on a magnetic calibration that has
failed.
beforeMeanError Mean magnetic field norm error observed before calibration. - float 4 4
beforeStdError Standard deviation of the magnetic field norm error observed before - float 4 8
calibration.
beforeMaxError Maximum magnetic field norm error observed before calibration. - float 4 12
afterMeanError Mean magnetic field norm error observed after calibration. - float 4 16
afterStdError Standard deviation of the magnetic field norm error observed after - float 4 20
calibration.
afterMaxError Maximum magnetic field norm error observed after calibration. - float 4 24
meanAccuracy Mean expected heading accuracy in radians. - float 4 28
stdAccuracy Standard deviation of the expected heading accuracy in radians. - float 4 32
maxAccuracy Maximum expected heading accuracy in radians. - float 4 36
numPoints Number of magnetic field points stored internally and used to compute - uint1e 2 40
the magnetic calibration.
maxNumPoints Maximum number of magnetic field points that can be stared internally. - uint16 2 42
offset Computed Hard Iron correction vector offset. - Vector 12 44
(float)
matrix Computed Hard & Soft Iron correction matrix. - Matrix 36 56
(float)
Total size 92
A
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Enum definition
Name Value Description
SBG_ECOM_MAG_CALIB_QUAL_OPTIMAL 0  Allacquired points fit very well on a unit sphere after the calibration.
SBC_ECOM_MAG_CALIB_QUAL_GOOD 1 Small deviations of the magnetic field norm have been detected. The magnetic
calibration should although provide accurate heading.
SBG_ECOM_MAG_CALIB_QUAL_POOR 2 Large deviations of the magnetic field norm have been detected. It may come from
external magnetic distortions during the calibration.
SBC_ECOM_MAG_CALIB_QUAL_INVALID 3 Novalid magnetic calibration has been computed. It could comes from too much
magnetic disturbances, insufficient or invalid motions.
Table 10: SbgEComMagCalibOuality enum
Name Value Description
SBCG_ECOM_MAG_CALIB_TRUST_HIGH 0  Reported quality indicator can be trusted as enough remarkable magnetic field
- _ . __ ______pontshavebeenacquired. _
SBC_ECOM_MACG_CALIB_TRUST_MEDIUM 1 Few remarkable magnetic field points have been used to compute the magnetic
calibration leading to a medium confidence in reported quality indicators.
SBG_ECOM_MAG_CALIB_TRUST_LOW 2 Evenif the quality indicator could report an excellent calibration,
The data set used to compute the magnetic calibration was not meaningful enough
to compute meaningful quality indicators.
This calibration should be used carefully.
Table 71: ShgEComMaglaliblonfidence enum
Name Value Description
SBG_ECOM_MAG_CALIB_NOT_ENOUGH_PQINTS 0x0001 Not enough valid magnetic points have been acquired.

SBC_ECOM_MACG_CALIB_TOO_MUCH_DISTORTIONS 0x0002 Unable to compute a magnetic calibration due to magnetic
interference or incorrect data set distribution.

SBG_ECOM_MAG_CALIB_X_MOTION_ISSUE 0x0004  For a 3D calibration: not enough motion on X axis
- _______ _ _ ForaZDcalibration; too muchmotiononXaxis _ _ _ _ _ _ _
SBC_ECOM_MAG_CALIB_Y_MOTION_ISSUE 0x0008 For a 3D calibration: not enough motion on Y axis
- _________ forazncalibration; toomuchmotiononvaxis _ _ _ _ _ _ _
SBC_ECOM_MACG_CALIB_Z_MOTION_ISSUE 0x0010 For a 3D or 2D calibration: not enough motion on Z axis
SBC_ECOM_MAG_CALIB_ALIGNMENT_ISSUE 0x0020 For a 3D calibration: the alignment between the magnetometers and

the inertial frame seems to be invalid.

Table 12: SbgEComMaglalibAdvStatus mask

0 Note 1: The call to this command doesn't reset the logged magnetic field so you can safely call this
method multiple time until you get the desired magnetic calibration results.

0 Note 2: Whereas most commands provide an answer immediately, this calibration command requires
some time to compute the output. User should consider a few seconds delay before reading out the
answer.

In addition, several output logs may be sent before this command answer is issued.

o Note 3: While the calibration computation is running, the system stops logging new magnetic field data.
Magnetic field data logging starts again as soon as the computations are finished.
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2.3.10. GNSS configuration
2.310.1. SBG_ECOM_CMD_GNSS_MODEL_ID (17)

This command is used to define the GNSS model ID to be used at next boot time, or read the current GNSS model
ID configuration.

Sent with only the GNSS madel ID as parameter, the sensor will try to setup the new model ID.

Field Description Unit Format Size Offset
gnssMadelld Requested GNSS model identifier - uint32 4 0
Total size 4

Once this frame is received, the system will check if the GNSS model ID requested is available and answer with an
ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Sending this frame without any payload will ask for the current GNSS model configuration. The system will
answer with the full payload version:

Field Description Unit Format Size Offset
gnssModelld GNSS model identifier - uint32 4 0
reserved Reserved, ignore returned value - uint32 4 4
Total size 8
Standard GNSS model IDs

The following IDs can be used in standard. Other specific models may be developed upon special request.

Name D Description

SBC_ECOM_GNSS_MODEL_INTERNAL 101 Defaultinternal GNSS for ELLIPSE-N & ELLIPSE-D
'SBG_ECOM_GNSS_MODEL NMEA 102 Extenal GNSS using NMEA protocl
'SBG_ECOM_GNSS_MODEL_UBLOX_GPS BEIDOU 103 Used on ELLIPSE-N hw 162 to setup the GNSS in GPS+BEIDOU
'SBG_ECOM_GNSS_MODEL_UBLOX_EXTERNAL 104  External Ublox receiver using ubx protocol (read only)
'SBG_ECOM_GNSS_MODEL_NOVATEL EXTERNAL 106 External Novatel receiver using binary protocol (read only)

SBG_ECOM_GNSS_MODEL_SEPTENTRIO_EXTERNAL 109 External Septentrio receiver using sbf protocol (read only)

< Note 1: For ELLIPSE-N hardware revision 1 & 2, the internal GNSS receiver default model uses
GPS+GLONASS constellations and SBG_ECOM_GNSS _MODEL UBLOX _GPS_BEIDOU can be used to select
GPS+BeiDou instead.
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2.310.2. SBG_ECOM_CMD_GNSS_1_LEVER_ARM_ALIGNMENT (18)

Sent without parameter, this command asks for the current GNSS lever arm and dual antenna alignment. Sent
with full payload, this command configures the GNSS lever arm and dual antenna parameters.

Field Description Unit Format Size Offset
leverArmX GNSS antenna X lever arm component in the vehicle frame. m float 4 0
leverArmY GNSS antenna Y lever arm component in the vehicle frame. m float 4 4
leverArmZ GNSS antenna Z lever arm component in the vehicle frame. m float 4 8
pitchOffset Pitch offset for dual antenna GNSS rad float 4 12
yawQffset Yaw offset for dual antenna GNSS rad float 4 16
antennaDistance Distance between two GNSS antennas m float 4 20
Total size 24

If a configuration is performed, device answer is an ACK.

“ Note 1: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01)
command is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

@ Note 2: Pitch and Yaw offsets as well as antenna distance parameters should only be considered in case of
dual antenna GNSS receiver. It can be left to O otherwise.

o DEPRECATED: This command has been deprecated and replaced by the command
SBG_ECOM_CMD_GNSS_1_INSTALLATION (46)
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2.3.10.3. SBG_ECOM_CMD_GNSS_1_INSTALLATION (46)

Sent without parameter, this command asks for the GNSS main and secondary antenna lever arms. For single
antenna operation or if the secondary antenna is not known/filled, a zero lever arm will be returned.

Sent with full payload, this command configures the main and secondary GNSS lever arm as well as which
mechanical installation parameter mode should be used.

Field Description Unit Format Size Offset
leverArmPrimaryX GNSS primary antenna lever arm X value in vehicle frame. m float 4 0
leverArmPrimaryY GNSS primary antenna lever arm Y value in vehicle frame. m float 4 4
leverArmPrimaryZ GNSS primary antenna lever arm Z value in vehicle frame. m float 4 8
leverArmPrimaryPrecise True if the primary lever arm has been entered accurately - bool 1 12
leverArmSecondaryX GNSS secondary antenna lever arm X value in vehicle frame. m float 4 13
leverArmSecondaryY GNSS secandary antenna lever arm Y value in vehicle frame. m float 4 17
leverArmSecondaryZ GNSS secondary antenna lever arm Z value in vehicle frame. m float 4 21
leverArmSecondaryMode | Secondary antenna installation mode - Table 13 enum uint8 1 25
Total size 26

If a configuration is performed, device answer is an ACK.

0 Note 1: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01)
command is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

0 Note 2: Secondary lever arm should only be filled for dual antenna operations. Please leave it to zero if not
use and fill leverArmSecondaryMode accordingly.

Enum definition
Name Value Description
SBG_ECOM_GNSS_INSTALLATION_MODE_SINGLE 1 Single antenna mode, secondary lever arm is ignored
'SBG_ECOM_GNSS INSTALLATION MODE DUAL AUTO 2 Reserved, donotuse
'SBG_ECOM GNSS_INSTALLATION MODE DUAL ROUGH 3 Dual antenna mode, a rough secondary lever arm guess is provided
?BEE?OH,E\I g,m S?AEAE EN,MOEETD UiALj3 iCEE* o AT B ETuaT aniteq nairniodia ;p;cge:e; ra ar7y Ev; aT stErt; i [; a

Table 13: GNSS secondary installation mode enum

RUA
o

46/178 o SBG sysTEMS



Inertial Sensor Interface - Firmware Reference Manual SBGFWM.2 4

2.3.10.4. SBG_ECOM_CMD_GNSS_1_REJECT_MODES (19)

Sent without parameter, this command asks for the GNSS receiver its rejection modes. Sent with full payload, this
command is used to configure the unit with provided rejection modes.

Payload description
Field Description Unit Format Size Offset
posRejectMode Rejection mode for position - Table 8 enum uint8 1 0
velRejectMode Rejection mode for velocity - Table 8 enum uint8 1 1
reserved Reserved field - leave to 0 enum uint8 1 2
hdtRejectMode Rejection mode for true heading - Table 8 enum uint8 1 3
Total size 4

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will be applied immediately. Saving settings to flash after this command will
save new parameters for next use.

%
47778 g5 SBG svsTEMS



Inertial Sensor Interface - Firmware Reference Manual SBGFWM.2 4

2.3.71. DVL configuration
2.3.11.1. SBG_ECOM_CMD_DVL_MODEL_ID (39)

This command is used to define the DVL model ID to be used at next boot time, or read the current DVL model ID
configuration. The DVL model is used to both define the protocol to use as well as the associated error model.

Sent with only the DVL model ID as parameter, the sensor will try to setup the new model ID.

Field Description Unit Format Size Offset
dviModelld DVL model identifier - uint32 4 0
Total size 4

Once this frame is received, the system will check if the DVL model ID requested is available and answer with an
ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Sending this frame without any payload will ask for the current DVL model ID configuration. The system will
answer with the following payload:

Field Description Unit Format Size Offset
dviModelld DVL model identifier - uint32 4 0
Total size 4
Standard DVL model IDs

The following IDs can be used in standard. Other specific models may be developed upon special request.

Name D Description
SBG_ECOM_DVL_MODEL_GENERIC_PD6 202  Generic DVL model using PD6 protacol format
SBG_ECOM_DVL_MODEL_WAYFINDER 203 Teledyne Wayfinder DVL using proprietary protocol
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2.311.2. SBG_ECOM_CMD_DVL_INSTALLATION (40)

Sent without parameter, this command asks for the current DVL lever arm and alignment. Sent with full payload,
this command configures the DVL lever arm and alignment parameters.

Field Description Unit Format Size Offset
leverArmX DVL lever arm in IMU X axis m float 4 0
leverArmY DVL lever arm in IMU Y axis m float 4 4
leverArmZ DVL lever arm in IMU Z axis m float 4 8
rollOffset DVL roll alignment offset rad float 4 12
pitchOffset DVL pitch alignment offset rad float 4 16
yawQffset DVL yaw alignment offset rad float 4 20
preciselnstallation True if lever arm & alignment have been entered accurately - bool 1 21
Total size 25

If a configuration is performed, device answer is an ACK.

0 Note 1: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01)
command is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

2.311.3. SBG_ECOM_CMD_DVL_REJECT_MODES (41)

Sent without parameter, this command asks for the DVL rejection modes. Sent with full payload, this command is
used to configure the rejection modes for the DVL.

Payload description
Field Description Unit Format Size Offset
bottomLayer Rejection mode for the bottom tracking velocity - Table 8 enum uint8 1 0
waterlLayer Rejection mode for the water layer velocity - Table 8 enum uint8 1 1
Total size 2

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will be applied immediately. Saving settings to flash after this command will
save new parameters for next use.
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2.3.12. Odometer configuration
2.312.1. SBG_ECOM_CMD_ODO_CONF (20)

Sent without parameter, this frame retrieves the configuration for an odometer using quadrature/pulses. The
device will answer by the same frame with full payload.

When sent with full payload, this frame configures new odometer's parameters.

Payload description
Field Description Unit Format | Size | Offset
GAIN Odometer's gain Pulses/m float 4 0
CAIN_ERROR User gain average error % uint8 1 4
DIRECTION Odometer's direction: - bool 1 5
0: positive
1: negative
Total size 6

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

2.3.12.2. SBG_ECOM_CMD_ODO_LEVER_ARM (21)

Sent without parameter, this frame retrieves the odometer lever arm. The device will answer by the same frame
with full payload.

When sent with full payload, this frame configures new odometer's lever arm.

Payload description
Field Description Unit Format | Size | Offset
leverArmX Odometer lever arm in IMU X axis m float 4 0
leverArmY Odometer lever arm in IMU Y axis m float 4 4
leverArmZ Odometer lever arm in IMU Z axis m float 4 8
Total size 12

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.
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2.3.12.3. SBC_ECOM_CMD_ODO_REJECT_MODE (22)

Sent without parameter, this command asks for the odometer rejection mode. Sent with full payload, this
command is used to configure the unit with provided rejection mode.

Payload description
Field Description Unit Format | Size | Offset
rejectMode Rejection mode for odometer velocity - Table 8 enum uint8 1 0
Total size 1

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will be applied immediately. Saving settings to flash after this command will
save new parameters for next use.

2.312.4. SBG_ECOM_CMD_ODO_CAN_CONF (45)

This command defines or retrieves the canfiguration for odometer over a CAN bus. Each automotive odometer
manufacturer is using specific CAN messages. With this command you can define which CAN message contains
the odometer velocity information and provide all necessary information to decode it.

The same way, if the vehicle supports it, you can setup a CAN message to detect the vehicle direction of motion
(velocity sign / reverse detection).

To handle all type of vehicles CAN bus, you can setup which CAN message to parse and how to decode its payload
based on a simple mechanism similar to CAN DBC messages definition. You thus define where, in the CAN
payload, the field of interest starts, its length in bits and the scaling / offset to apply to get a physical value such
as a velocity in m.s™.

Setting request payload

To request the CAN odometer configuration for a specific CAN channel information, the following payload has to
be sent.

Field Description Unit Format | Size | Offset
canChannel The CAN channel to define associated DBC configuration - Table 14 enum uint8 1 0
Total size 1

The device will answer with the full payload version as defined below to retrieve the current configuration for the
requested channel.
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Setting configuration payload

To define the CAN odometer configuration for a specific channel, please send the full payload defined below to the
device. This payload is also sent by the device as an answer to a setting request payload.

Field Description Unit Format | Size | Offset
canChannel The CAN channel to define associated DBC configuration - Table 14 enum uint8 1 0
options Set of options bit masks such as CAN extended - Table 15 mask uint16 2 1
canld CAN msg ID from which the odometer velocity will be parsed - uint32 4 3
dataOffset Index of first data bit within the payload as defined by DBC (from O to 63). - uint8 1 7
dataSize Length in bits of the odometer velocity field (1 to 64) - uint8 1 8
scale Value to multiply the parsed field with to get physical unit LSB/m.s” float 4 9
offset Offset to add on the scaled velocity information m.s’ float 4 13
minValue The minimum velocity to consider the message valid m.s” float 4 17
maxValue The maximum velocity to consider the message valid m.s” float 4 21
Total size 25

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

o Warning: DBC standard use a counter-intuitive bit numbering that depends from endianness! Please refer
to DBC specifications to correctly fill the dataOffset field.

Enurm definition
Name Value  Description
SBC_ECOM_CMD_ODO_CAN_CH_VELOCITY 1 Channel used to decode the vehicle velacity information
SBG_ECOM_CMD_0ODO_CAN_CH_REVERSE 2 Channel used to decode the vehicle velocity reverse info (if available).
Table 14: Odormeter CAN channels enum
Name Value  Description
SBC_ECOM_CMD_ODO_CAN_ENABLE 0x0001 Set to enable CAN odometer information decoding

SBC_ECOM_CMD_ODO_CAN_SIGNED 0x0004 Set tointerpret the parsed value as signed, otherwise unsigned
Table 15: Odometer CAN decoding options bitmask
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2.3.13. Airdata configuration
2.313.1. SBG_ECOM_CMD_AIRDATA_MODEL_ID (42)

This command is used to define the AirData model ID to be used at next boot time, or read the current AirData
model ID configuration. The AirData model is used to both define the protocol to use as well as the associated
error model.

Sent with only the model ID as parameter, the sensor will try to setup the new model ID.

Field Description Unit Format | Size | Offset
airDataModelld AirData model identifier to set - uint32 4 0
Total size 4

Once this frame is received, the system will check if the model ID requested is available and answer with an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Sending this frame without any payload will ask for the current AirData model ID configuration. The system will
answer with the following payload:

Field Description Unit Format | Size | Offset
airDataModelld AirData model identifier - uint32 4 0
Total size 4

Standard AirData model IDs

The following IDs can be used in standard. Other specific models may be developed upon special request.

Name D Description

SBC_ECOM_AIRDATA_MODEL_INTERNAL 1 Will use the internal barometer sensor if available
'SBG_ECOM_AIRDATA_MODEL GENERIC ECOM 2 Generic AirData model using sbgECom protocol format
'SBG_ECOM_AIR_DATA MODEL_AHRS.500  : 3 Crossbow AHRS-500 compatible input for altitude and airspeed
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2.313.2. SBG_ECOM_CMD_AIRDATA_LEVER_ARM (43)
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Sent without parameter, this command asks for the current AirData lever arm setting. Sent with full payload, this
command configures the AirData lever arm parameters.

Field Description Unit Format | Size | Offset
leverArmX Airspeed sensor lever arm in IMU X axis m float 4 0
leverArmY Airspeed sensor lever arm in IMU Y axis m float 4 4
leverArmZ Airspeed sensor lever arm in IMU Z axis m float 4 8
Total size 12

If a configuration is pe

rformed, device answer is an ACK.

0 Note 1: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01)

command is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

2.313.3. SBG_ECOM_CMD_AIRDATA_REJECT_MODES (44)

Sent without parameter, this command asks for the AirData rejection modes. Sent with full payload, this
command is used to configure the rejection modes for the DVL.

Payload description
Field Description Unit Format | Size | Offset
airSpeed Rejection mode for the true air speed aiding - Table 8 - enum 1 0
altitude Rejection mode for the barometer altitude aiding - Table 8 - enum 1 1
Total size 2

If a configuration is pe

rformed, device answer is an ACK.

0 Note: The new configuration will be applied immediately. Saving settings to flash after this command will
save new parameters for next use.
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2.3.14. Interfaces configuration
2.314.1. SBG_ECOM_CMD_UART_CONF (23)

When this frame is sent with the limited payload, this frame is used to retrieve a UART port configuration.

Setting request payload description

Field Description Unit Format | Size | Offset
portID Port ID to returns its configuration - enum 1 0
Total size 1

Device will answer with the full payload version. If sent using full payload, the device will configure the requested
interface according to new settings.

Setting configuration / return payload description

Field Description Unit Format | Size | Offset
portlD Port ID to configure or retrieved configuration - Table 16 - enum 1 0
baudRate Baudrate to use for communications. Possible values are: bps uint32 4 1

* 4800

* 9600

* 19200

* 38400

* 15200

* 230400

* 460800

* 921600
mode UART mode - Table 17 - enum 1 5

Total size 6

If a configuration is performed, device answer is an ACK.

o Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enum definitions
Name Value Description
SBG_ECOM_PORT_A 0 Main communication interface. Full duplex.
SBC_ECOM_PORTSB 1 Auwdlaryinputinterface forRTCM
SBG_ECOM_PORTC 2 Auliory communication interface. Full duplex.
SBC_ECOM_PORTO 3 Awdilaryinputinterace
SBG.ECOM_PORTE 4 Awdlaryinput/joutputintefce

Table 16: SbgEComPortld enum
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Name Value Description

SBG_ECOM_UART_MODE_OFF 0 This interface is turned OFF.

SBC_ECOM_UART_MODE 232 1 Thisinterface isusing RS-232 communications
'SBG_ECOM_UART MODE 422 2 Thisinterfaceis usingRS-422 communications

Table 17: SbgEComPortMode enurm

0 Note: There may be limitations regarding the ports configuration. Please refer to your product
Hardware Reference Manual for valid configuration and option availability.

2.3.14.2. SBG_ECOM_CMD_CAN_BUS_CONF (24)

Sent without any payload, this frame retrieves the CAN bus configuration. Sent with full payload, the frame
configures the CAN bus interface.

Full payload description

Field Description Unit Format | Size | Offset

bitRate Bit rate used on the CAN bus - Table 18 - enum 2 0

mode CAN bus mode - Table 19 - enum 1 2
Total size 3

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enurn definitions

Name Value Description

SBC_ECOM_CAN_BITRATE_DISABLED 0 The CAN interface is disabled

SBC_ECOM_CAN_ BITRATE 0 10 CANinterfacespeedsettoi0Kb/s

'SBG ECOM CAN BITRATE 20 20 CANinterfacespeedsetto20kb/s

SBC_ECOM_CAN BITRATE 25 25 CANinterfacespeedsetto2skb/s

'SBG_ECOM_CAN_BITRATE SO 50 CANinterfacespeedsettosOkb/s

SBC_ECOM_CAN BITRATE 100 100 CANinterfacespeedsettol00Kb/s

'SBG_ECOM_CAN_BITRATE 125 125  CANinterfacespeedsetto2skb/s

SBC_ECOM_CAN_ BITRATE 250 250 CANinterfacespeedsetto2s0kb/s

SBG_ECOM_CAN BITRATE 500 500  CANinterfacespeedsetto500Kb/s

'SBG_ECOM_CAN_BITRATE 750 750 CANinterfacespeedsetto7sokb/s

'SBC_ECOM_CAN_ BITRATE 1000 1000 CANinterfacespeedsettoiMb/s
Table 18: SbgEComCanBitRate enum

Name Value Description

SBG_ECOM_CAN_MODE_SPY 1 CAN is only listening and

'SBG_ECOM_CAN_MODENORMAL 2 Thedeviceis allowed to both send and receive over the CAN bus

Table 19: SbgEComCanMode enum
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2.3.14.3. SBG_ECOM_CMD_CAN_OUTPUT_CONF (25)

Sent with the limited payload, this frame retrieves a specific CAN message ID and output mode given its internal
ID.

Limited payload description

Field Description Unit Format | Size | Offset
caninternallD Internal CAN message ID - CAN Messages Overview - enum 2 0
Total size 2

Device will answer with the full payload version. If the frame is sent using full payload, the device will configure
the requested interface according to new settings.

Full payload description

Field Description Unit Format | Size | Offset
caninternallD Internal CAN message ID - CAN Messages Overview - enum 2 0
outputMode Output mode - Table 27 - enum 2 2
userlD User defined CAN message identifier - uint32 4 4
canExtID CAN Standard / Extended ID type. Possible values are: - bool 1 8
*  TRUE: Extended ID
. FALSE: Standard ID
Total size 9

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.
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2.3.15. Ethernet Configuration
2.315.1. SBG_ECOM_CMD_ETHERNET_CONF (36)

Sent without payload, this frame retrieves the current device Ethernet configuration.

SBGFWM.2 4

< Note: If you would like to read the IP address currently used by the device, please use the command
SBG_ECOM_CMD_ETHERNET_INFO (37)

Setting configuration / return payload description

If a configuration is performed, device answer is an ACK.

Field Description Unit Format |Size Offset
mode Define DHCP or Static IP mode - Table 20 - enum 1 0
ipAddress For static mode, defines the IP address - uint32 4 1
netmask For static mode, defines the subnet mask address - uint32 4 5
gateway For static mode, defines the default gateway address - uint32 4 9
dns1 For static mode, defines the primary DNS address - uint32 4 13
dns2 For static mode, defines the secondary DNS address - uint32 4 17
Total size 21

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enum definition
Name Value Description
SBGC_ECOM_ETHERNET_DHCP 0 The TCP/IP configuration should be acquired from a DHCP server
SBG_ECOM_ETHERNET_STATIC 1 The TCP/IP configuration is manually defined

Table 20: SbgEComEthernetMode enum

2.315.2. SBG_ECOM_CMD_ETHERNET_INFO (37)

This command is used to read the TCP/IP parameters currently used by the device such as the IP address.

Return payload description
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Field Description Unit Format |Size Offset
mode Define DHCP or Static IP mode - Table 20 - enum 1 0
ipAddress For static mode, defines the IP address - uint32 4 1
netmask For static mode, defines the subnet mask address - uint32 4 5
gateway For static mode, defines the default gateway address - uint32 4 9
dns1 For static mode, defines the primary DNS address - uint32 4 13
dns2 For static mode, defines the secondary DNS address - uint32 4 17
Total size 21
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2.3.16. Events configuration
2.316.1. SBG_ECOM_CMD_SYNC_IN_CONF (26)

Sent with a limited payload, this frame retrieves the given Synchronization Input configuration.

Limited payload description

Field Description Unit Format |Size Offset

syncinld Logic input pin ID - Table 21 - enum 1 0

Total size 1

Device will answer with the full payload version. If the frame is sent using full payload, the device will configure
the reguested logic input according to new settings.

Full payload description

Field Description Unit Format |Size Offset
syncinld Logic input pin ID - Table 21 - enum 1 0
sensitivity Logic input corresponding sensitivity - Table 22 - enum 1 1
delayNs Delay added or subtracted to this event input for time-stamping ns int32 4 5
Total size 6

If a configuration is performed, device answer is an ACK.

o Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enum definitions
Name Value Description
SBG_ECOM_SYNC_IN_A 0 Sync IN A on Main connector
SBCLECOMSYNCINB 1 SyncINBonMainconmector
SBGECOM.SYNCNC 2 SyncINConAwliaryconmector
SBCLECOM.SYNCIND 3 SyncINDonAuxiiarycommector

Table 21: SbgEComSynciniD enum

Name Value Description
SBG_ECOM_SYNC_IN_DISABLED 0 This trigger is turned OFF.
'SBG_ECOM_SYNCIN_FALLING EDGE 1 Thetriggerwillbe activated by a fallingedge
SBG_ECOM_SYNCIN_RISING_EDGE 2 Thetriggerwill beactivated byarisingedge
'SBC_ECOM_SYNCIN_BOTH_EDGES 3 Thetriggeris activated by alevel change (rising or falling edge)

Table 22: SbgEComSyncinSensitivity enum
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2.3.16.2. SBG_ECOM_CMD_SYNC_OUT_CONF (27)

Sent with a limited payload, this frame retrieves the given Synchronization Output configuration.

Limited payload description

Field Description Unit Format Size Offset

syncOutld Logic output pin ID - Table 23 - enum 1 0

Total size 1

Device will answer with the full payload version. If the frame is sent using full payload, the device will configure
the requested logic output pin according to new settings.

Full payload description

Field Description Unit Format |Size Offset
syncOutld Logic output pin ID - Table 23 - enum 1 0
reserved - - uint8 1 1
outputFunction Main function of the sync Out pin - Table 24 - enum 2 2
polarity Polarity of corresponding logic output - Table 25 - enum 1 4
durationNs Pulse duration ns uint32 4 5
Total size 9

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enurm definitions
Name Value Description
SBG_ECOM_SYNC_OUT_A 0 Synchronization output signal A
SBC_ECOM_SYNC_OUT_B 1 Synchronization output signal B

Table 23: SbgFComSyncOut/D enurm
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Name Value Description

SBG_ECOM_SYNC_OUT_MODE_DISABLED 0 Qutput is disabled
'SBC_ECOM_SYNC_OUT_MODE_MAIN_LOOP 1 Outputisgeneratedat200Hz
SBG_ECOM_SYNC_OUT_MODEDIV.2 2 Outputisgeneratedatioodz
'SBG_ECOM_SYNC_OUT_MODE.DIV.4 4 Outputisgeneratedatsodz
'SBC_ECOM_SYNC_OUT_MODEDIV.8 8 Outputisgeneratedat2sz
'SBG_ECOM_SYNC OUT MODE.DIV.10 10 Outputisgeneratedat20dz
'SBC_ECOM_SYNC_OUT_MODEDIV.20 20 Outputisgeneratedatiohz
'SBC_ECOM_SYNC_OUT_MODE_DIV.40 40 OutputisgeneratedatSiz
'SBG_ECOM_SYNC_OUT_MODE_DIV.200 200 Outputisgeneratedatlz
'SBC_ECOM_SYNC_OUT_MODE_PPS 10000 PulsePerSecond. Same mode asabove.

SBGC_ECOM_SYNC_OUT_MODE_DIRECT_PPS 10100 Route directly the internal GNSS PPS signal to Sync Out Pin - See note.
Table 24. SbgEComSyncOutFunction enum

Name Value Description

SBG_ECOM_LOGIC_OUT_FALLING_EDGE 0 The trigger will generate a falling edge
SBG_ECOM_LOGIC_OUT_RISING_EDGE 1 The trigger will generate arisingedge
SBC_ECOM_LOGIC OUT_TOGGLE 2 ] The trigger is a level change

Table 25: SbgFComSyncOutPolarity enum

0 Direct PPS: This features is available for ELLIPSE-N/D generation 3 and for ELLIPSE-N with hardware
revision above 1.2. This mode ignore the sync out polarity and duration parameter.
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2.3.17 Output configuration
2.3.17.1. SBG_ECOM_CMD_NMEA_TALKER_ID (29)

This command can be used to read or set the NMEA Talker ID used on a specific output port.

Reading payload definitions

Field Description Unit Format |Size Offset

outputPortld Port Name - Table 26 - enum 1 0

Total size 1

The device will answer with the full payload frame. Sent with this full payload, the frame will configure a new
talker ID.

Return or setting configuration payload definition

Field Description Unit Format | Size Offset
outputPortld Port Name - Table 26 - enum 1 0
talkerQ First character of the talker ID - char 1 1
talker Second character of the talker ID - char 1 1
Total size 3

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

Enurn definitions
Name Value Description
SBG_ECOM_OUTPUT_PORT_A 0 Main output port
SBC_ECOM_OUTPUT_PORT_C 2 Auxiliary output interface for ELLIPSE-E
SBG_ECOM_OUTPUT_PORT_E 4 Miscellaneous output interface for B1 models

Table 26: SbgEComOutputPort!D enurm
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2.3.17.2. SBG_ECOM_CMD_OUTPUT_CONF (30)

This command can be used either to configure or retrieve an output log.

Sent with the following payload, this frame asks the device for the output configuration

Limited payload definition

Field Description Unit Format |Size Offset
outputPortld Port Name - Table 26 - enum 1 0
mseld Output message identifier enum 1 1
classld Output class identifier - Table 1 enum 1 1
Total size 3

The device answer is the full output configuration, as defined in the following frame.
Sent with full payload, this frame configures an output.

Full Payload definitions

Field Description Unit Format |Size Offset
outputPortld Port Name - Table 26 - enum 1 0
msgld Output message identifier enum 1 1
classld Output class identifier - Table 1 enum 1 1
outputMode Output maode - Table 27 - enum 2 3
Total size 5

If a configuration is performed, device answer is an ACK.

0 Note: The new configuration will be applied immediately. Saving settings to flash after this command will
save new parameters for next use.

Please check sections SBC_ECOM_CLASS_LOG_ECOM_0, NMEA Logs Overview and Third Party Logs Overview for
more details about available messages IDs.

Enurn definitions

Name Value Description

SBC_ECOM_OUTPUT_MODE_DISABLED 0 Output is disabled
'SBC_ECOM_OUTPUT_MODE_MAIN_LOOP 1 Outputis generated at 20042
'SBG_ECOM OUTPUT MODEDV.2 2« Outputis generatedatioohz
'SBC_ECOM_OUTPUT_MODEDV.4 4 Output s generated atsoHz
SBC_ECOM_OUTPUT_MODEDV.S 5 Output is generated at 40z
'SBG_ECOM OUTPUT MODEDV.8 8 Outputis generatedat2sHz
'SBC_ECOM_OUTPUT_MODEDV.1O 10 Outputisgemeratedat20Hz
'SBG_ECOM_OUTPUT_MODE.DV.20 20 Outputisgemeratedat®oHz
'SBC_ECOM_OUTPUT_MODE DIV.40 40 OutputisgemeratedatSHz
'SBG_ECOM_OUTPUT_MODEDIV.200 200 Outputisgemeratedattlz
'SBC_ECOM_OUTPUT_MODE_PPS 10000 Pulse PerSecond. Same modeasabove.
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Name Value Description

SBC_ECOM_QUTPUT_MODE_NEW_DATA 10001 Output sent when a new data is available.
'SBC_ECOM_OUTPUT_MODE_EVENTIN.A 10003 Outputisgeneratedona SynclnAevent
'SBG_ECOM_OUTPUT_MODE_EVENTIN.B 10004 Outputisgeneratedona SyncInBevent
'SBG_ECOM_OUTPUT_MODE_EVENT_IN.C 10005 OutputisgeneratedonaSync InCevent
'SBC_ECOM_OUTPUT_MODE_EVENTIN.D 10006 Outputisgemeratedona SyncInDevent

Table 27: SbgEComOutputMode enurm
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2.3.17.3. SBG_ECOM_CMD_OUTPUT_CLASS_ENABLE (35)

This command will act as a master switch for the different output classes on a specific PORT. It's possible to
disable all sbgECom or NMEA messages from one port using a single command.

Sent with limited payload, the command will ask for the current configuration for a specific port and message
class.

Limited payload definition

Field Description Unit Format |Size Offset

outputPortld Port Name - Table 26 - enum 1 0

classld Output class identifier - Table 1 - enum 1 1
Total size 2

Sent with a full payload, this frames sets a new output configuration.

Full Payload definitions

Field Description Unit Format |Size Offset
outputPortld Port Name - Table 26 - enum 1 0
classld Output class identifier - Table 1 - enum 1 1
enable Enable or Disable the message class on defined port - bool 1 2
Total size 3

If a configuration is performed, device answer is an ACK.
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2.3.18. Advanced configuration
2.318.1. SBG_ECOM_CMD_ADVANCED_CONF (32)

Sent without parameter, this command asks for the advanced configurations such as time reference source. Sent
with full payload, this command is used to configure the advanced configuration.

Payload description
Field Description Unit Format |Size Offset
timeReference Defines if an external clock reference must be used for - enum 1 0

synchronization - Table 28

gnssOptions Set advanced internal GNSS options - Table 29 - Bitmask |4 1

nmeaOptions Set advanced NMEA output options - Table 30 - Bitmak 4 5

Total size 9

If a configuration is performed, device answer is an ACK.

Enum & Bitrnask definitions

Name Value Description

SBG_ECOM_TIME_REF_DISABLED 0 No external time reference is used. Internal clock is used instead.
'SBC_ECOM_TIME_REF_SYNCIN.A 1 The system will be synchronized on the clock input observed at SYNC_IN_A pin.
'SBG_ECOM_TIME REF.UTC.GPS.1 2 The system will be synchronized to a GNSS PPS signal, (see GPS module

assignment).

Table 28: SbgEComTimeReferenceSrc enum

Name Value Description

SBG_ECOM_CNSS_OPT_01 0x00000001  This is a reserved option only available for ELLIPSE-N/D v3
Table 29: CNSS Optijons bitrmask

Name Value Description

SBG_ECOM_NMEA_OPT_MODE_STD 0x000000017  Qutput NMEA messages that complies with 82 chars limit

SBC_ECOM_NMEA_OPT_FORCE_UTC 0x00000010  Always output time in NMEA messages even if invalid
Table 30: NMEA Options bitrmask

0 Note: The new configuration will only be applied after SBG_ECOM_CMD_SETTINGS_ACTION (01) command
is issued, with SBG_ECOM_SAVE_SETTINGS parameter.

0 Note: Note the clock input must also be configured in the Event Input configuration to enable detection on
correct edges (rising, falling or both edges). See SBG_ECOM_CMD_SYNC_IN_CONF (26) for more
information.
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2.3.18.2. SBG_ECOM_CMD_VALIDITY_THRESHOLDS (38)

SBGFWM.2 4

Sent without any payload, this command will ask the device for the different validity thresholds currently used.
These thresholds are used in the SOLUTION_STATUS definition. They are useful to indicate whether the position,
velocity, attitude and heading precision is within user acceptable limits or not. Sent with full payload, the
command will configure user values for these thresholds.

Passing 0.0 threshold as parameter will leave corresponding parameter to default settings. This allows setting
only part of these thresholds.

The full payload message is defined below:
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Field Description Unit |Format |Size Offset
positionThreshold Position estimated accuracy threshold (3D standard deviation) m float 4 0
velocityThreshold Velocity estimated accuracy threshold (3D standard deviation) m/s |float 4 4
attitudeThreshold Roll / Pitch estimated accuracy threshold (max of roll or pitch rad float 4 8
standard deviations)
headingThreshold Heading standard deviation threshold rad float 4 12
Total size |16
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2.3.19 Licenses and features
2.319.1. SBG_ECOM_CMD_FEATURES (33)

Sent without any payload, this command will ask the device for the different features available such as navigation
capability and internal GNSS receiver options.

The sensaor will answer with the full payload version as defined below:

Field Description Unit Format | Size | Offset
sensorFeaturesMask The different measurement capabilities of this unit - Table 31 - bitmask | 4 0
gnssType The type of GNSS receiver used (brand and model) - Table 32 - enum 1 4
gnssUpdateRate The actual GNSS update rate Hz uint8 1 5
gnssSignalsMask GNSS receiver signals tracking - Table 33 - uint32 4 6
gnssFeaturesMask GNSS receiver computation and output features - Table 34 - uint32 4 10
gnssProductCode String containing the GNSS receiver product code (“\0” if unknown) - string 32 14
gnssSerialNumber String containing the GNSS receiver serial number (“\0” if unknown) - string 32 46
gnssFirmwareVersion String containing the GNSS firmware version (“\0" if unknown) - string 32 78
Total size 110
Enum definitions
Name Value Description
SBC_ECOM_SENSOR_FEATURE_IMU 0x00000001 This unit can provide IMU data
5B ECOM_SENSOR FEATURE AHRS 000000002 Thisunit an provide orentation et
"S5 ECOM SENSOR_FEATURE NAVICATION _0x00000004 _ This unt con pravide poston andveocty oot
"S55, ECOM_SENSOR FEATURE SHIP MOTION 000000008 Thisuni can povideship motion dot output (eavel

Table 37: SbgElomSensorFeaturesMask mask

Name Value Description

SBG_ECOM_GNSS_TYPE_DISABLED 0 CGNSS module disabled

'SBG_ECOM_GNSS_TYPE EXTERNAL 1 Extemal GNSS module (all features are unknown)
'SBG_ECOM_GNSS TYPE UBX MAX M8 2 UbloxMAX-M8 module
'SBG_ECOM_GNSS_TYPENOV_OEMEIS 3 Novatel OEM6TS deviee
'SBG_ECOM_GNSS TYPE NOV_OEME1S DUAL 4 TwoNovatel OEM6TS devices for dualantenna
'SBG_ECOM_GNSS TYPENOV_OEMEZD 5 Novatel OEM67Ddevice
SBC_ECOM_GNSS_TYPE SEP.AX4 6 SeptentrioAsteRed
'SBG_ECOM_GNSS TYPE SEP AXM2A 7 SeptentrioAsteRxm2a
SBC_ECOM_GNSS_TYPEUBX.FP 8 UbloxZED-F9PhighprecisionGNSS

Table 32: SbgFComGnssType enum

Name Value Description

SBG_ECOM_CGNSS_SIGNAL_GPS_L1 0x00000001 This GNSS receiver tracks GPS L1 band.
'SBG_ECOM_GNSS_SIGNAL GPS 12 0x00000002  This GNSS receiver tracks GPS L2 band.
'SBG_ECOM_GNSS SIGNAL GPS_LS ~ 0x00000004  This GNSS receiver tracks GPS LS band.
'SBG_ECOM_GNSS_SIGNAL_ GLONASS_L1  0x00000008  This GNSS receiver tracks GLONASS L1band.
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Name Value Description

SBG_ECOM_GNSS_SIGNAL_GLONASS_L2 0x00000010 This GNSS receiver tracks GLONASS L2 band.
'SBC_ECOM_GNSS_SIGNAL_BEIDOU_BT ~ 0x00000020  This GNSS receiver tracks BEIDOU B1band.
'SBG_ECOM_GNSS_SIGNAL BEIDOU_B2 ~ 0x00000040  This GNSS receiver tracks BEIDOU 82 band.
'SBG_ECOM_GNSS_SIGNAL_BEIDOU_B3 ~ 0x00000080  This GNSS receiver tracks BEIDOU B3 band.
'SBC_ECOM_GNSS_SIGNAL GALILEO_ET  0x00000100  This GNSS receiver tracks GALILEO ETband.
'SBG_ECOM_GNSS SIGNAL GALILEO_ES  0x00000200  This GNSS receiver tracks GALILEO ES band.
'SBC_ECOM_GNSS_SIGNAL_GALILEO_E6  0x00000400  This GNSS receiver tracks GALILEO E6 band.
'SBG_ECOM_GNSS_SIGNAL Q7SS 0x00000800  This GNSS receiver tracks 0755 signals
'SBG_ECOM_GNSS SIGNAL_SBAS ~ 0x00001000  This GNSS receiver tracks SBAS signals
'SBG_ECOM_GNSS_SIGNALL_BAND ~ 0x00002000  This GNSS receiver tracks -Band (for PP services)

Table 33: SbgFComGnssSignalsMask bitrmask

Name Value Description

SBG_ECOM_GNSS_FEATURE_DUAL_ANT 0x00000001 This GNSS receiver provides a dual antenna heading
'SBG_ECOM_GNSS_FEATURE_RTK_LIMITED ~ 0x00000002  This GNSS receiver has limited RTK accuracy (Trimble RTK 30/30)
'SBC_ECOM_GNSS_FEATURERTK  0x00000004  This GNSS receiver can provide full RTK accuracy
'SBG_ECOM_GNSS FEATURE PPP 0x00000008  This GNSS receiver can provide PP computations
'SBC_ECOM_GNSS_FEATURE_RAW_DATA  0x00000010  This GNSS receiver provides RAW data output
'SBG_ECOM_GNSS_FEATURE RAIM  0x00000020  This GNSS provides Receiver Autonomous Integrity Monitoring

SBG_ECOM_GNSS_FEATURE_HIGH_SPEED 0x00000040 This GNSS receiver has no high speed limitation (> 515m/s)
Table 34. SbgEComGnssFeaturesMask bitrmask

RUA
o

69/178 o SBG sysTEMS



Inertial Sensor Interface - Firmware Reference Manual SBCFWM.2 4
2.3.19.2. SBG_ECOM_CMD_LICENSE_APPLY (34)
This command is used to upload and apply a software license provided as a file by SBG Systems.

This command uses the transfer sub-protocol since the set of settings could be too large to be sent in a unigue
sbgECom protocol frame. See 2.3.2 Large buffers transmission (Transfer sub-protocol) and more specifically 2.3.2.1
Sending data to the device for further information.

Field Description Unit Format | Size | Offset

transferCmd Transfer protocol CMD - enum 2 0

transferPayload Transfer protocol payload - - 0:n 1
Total size 2+n

“ Note: This command will apply the configuration, save it to the non-volatile memory, and initiate a device
reboot immediately after sending the ACK.
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2.3.20. GET/POST sbginsRestApi

High Performance INS products as well as new SBG Systems products use a new configuration and commands
layer based on REST API concepts. REST API are very common in Internet of Things (IoT) devices and rely on
Ethernet/HTTP connections.

The REST API is based on JSON (JavaScript Object Notation) specification only. The JSON is widely used in the
industry and there are plenty of libraries available to manipulate JSON.

SBG Systems products' offer REST API configuration and commands over Ethernet links using standard HTTP GET
and POST methods. This manual doesn’t cover the sbginsRest APl usage and definition so please read the
dedicated sbglnsRest APl manual for more information.

The REST API can also be accessed and used over serial connections. This is this part that is covered in this
documentation. The sbgECom uses two dedicated commands to execute GET and POST requests over a standard
serial link.

2.3.20.1. SBG_ECOM_CMD_API_GET (46)

Used to GET a resource from the device on a sbglnsRestApi path. For example, you can guery the device settings
or the device information / status using this command.

An optional query parameters string can be provided. The example below guery only the settings that have
changed from the device default settings and pretty print the returned JSON:

/api/vl/settings?delta=true&format=pretty

The path partis: The gquery parameter part is:

/api/vl/settings delta=true&format=pretty

The GET command should contain the following payload:

Field Description Unit | Format Size Offset

path The path null terminated string to execute GET method on - string - -

query The optional null terminated query parameter string - string - -
Total size | Variable

The device should answer the following payload:

Field Description Unit | Format Size Offset

statusCode HTTP return code for the GET request. 200 means OK - uint16 2 0

jsonPayload Variable JSON payload returned by the device - string - 2
Total size | Variable

0 Note: All strings such as path and query fields have to be NULL terminated to work correctly.
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2.3.20.2. SBG_ECOM_CMD_API_POST (47)

Execute a POST method on a specified sbginsRestApi path. The POST method is used to update a setting value or
to execute a command.

Some POST paths require a body (ie a payload) while others, such as commands for a system reboot, have no body
at all.

The example below, ask the device to save settings in FLASH memory:

api/vl/settings/save

The POST command should contain the following payload:

Field Description Unit | Format Size Offset
path The path null terminated string to execute POST methad on. - string - -
query The optional null terminated query parameter string - string - -
body Optional null terminated JSON body string - string - -
Total size | Variable

The device should answer the following payload:

Field Description Unit | Format Size Offset

statusCode HTTP return code for the GET request. 200 means OK - uint16 2 0

jsonPayload Variable JSON payload returned by the device - string - 2
Total size | Variable

A
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2.4. SBG_ECOM_CLASS_LOG_ECOM_O

This message class contains only input/output logs. These messages contain a fixed set of data. Each log stores
coherent data that can be fully interpreted without any additional information.

In addition, a time stamp expressed in microseconds is included in each log. It can be used to synchronize the data
precisely.

Finally, the sbgECom binary logs have been designed to ease post processing operations by including a status field
to know how to interpret some specific logs.

0 Note: SBG Systems reserves the right to add at the end of logs new fields in future revision of the
sbgECom protocol for upward compatibility. Therefore, user must consider the DATA sizes defined in this
document as a minimum size.

2.4.1. Binary Output Logs Overview

The following list, provides a quick overview of all available logs for this message class. It briefly describe which
parameters are contained in each output log.

Name (Msg ID) Description

SBGC_ECOM_LOG_STATUS (01) Status general, clock, com aiding, solution, heave
SBC_ECOM_LOG_UTC_TIME(02) ~ Provides UTC time reference
'SBC_ECOM_LOG_IMU_DATA(03) ~ DEPRECATED: Synchronous body IMU rates and accelerations
'SBG_ECOM_LOG_IMU_SHORT (44)  Body IMU rates and accelerations. Synchronous or asynchronous depending of the INS.
'SBG_ECOM_LOG_EKF_EULER (06) ~ Includesroll pitch, yaw and their accuracies on each axis
SBC_ECOM_LOG_EKF_QUAT(07)  Includes the 4 quaternionsvalues
'SBG_ECOM_LOG_EKF_NAV(08)  Position and velocities in NED coordinates with the accuracies on each axis
'SBC_ECAN_MSG_EKF_VEL BODY (0x139)  INSvelocity expressed in body/vehicle frame.

SBG_ECOM_LOG_SHIP_MOTION (09) Real time heave, surge, sway, accelerations and velocity

'SBG_ECOM_LOG_SHIP_MOTION_HP (32)  Delayed heave, surge, sway, accelerations and velocity
SBC_ECOM_LOG_MAG(04)  Magnetic data with associated accelerometeron each axis
SBC_ECOM_LOG_MAG_CALIB(05)  Magnetometer calibration data (raw buffer)
SBC_ECOM_LOG_GPSTVEL(13)  CNSSvelocity from primary receiver
SBG_ECOM_LOG_GPSTPOS (1)~ GNSS position from primary receiver
'SBG_ECOM_LOG_GPSIHDT(15)  GNSS true heading from primary receiver
SBC_ECOM_LOG_GPSTRAW (37)  ONSSrawdata from primary receiver
'SBG_ECOM_LOG_GPSTSAT(S0)  GNSSsatellite inview information from primary receiver.
SBC_ECOM_LOG_GPS2VEL(16)  CNSSvelocity from secondary receiver
SBC_ECOM_LOG_GPS2.POS (17)  GNSS position from secondary receiver
'SBG_ECOM_LOG_GPS2 HDT(18) ~ GNSStrue heading from secondary receiver
SBC_ECOM_LOG_GPS2RAW (38)  ONSSrawdata from secondary receiver
'SBG_ECOM_LOG GPS2.SAT(5)  GNSS satellite inview information from secondary receiver.
'SBC_ECOM_LOG_ODO_VEL(18)  Provides odometer velocity measured by the device
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Description
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SBG_ECOM_LOG_AIR_DATA (36)

Barometric altimeter input/output for airdata support

SBG_ECOM_LOG_RTCM_RAW (49)

2.4.2. Binary Output Logs Availability

RTCM/NTRIP RAW data stream that can be used in post-processing

The table below details the sbgECom binary logs availability according to a specific product family and product
type. For example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main column

'ELLIPSE'. Each available message is indicated with the e

symbol.

ELLIPSE High Performance INS
Name (Message ID) I A E N D A E N D
SBG_ECOM_LOG_STATUS (01) ° ° ° ° ° ° ° ° °
SBCECOMLOG UTCTIME®2) | o o o o o | ¢ o o o]
SBG_ECOMLOGIMUDATA(®3) | o o o o o] e o o o]
'SBG_ECOM_LOG_IMU_SHORT(44) | o o o o o | o o o o |
'SBG_ECOM_LOG EKF EULER(DS) | o o o o | o o o o |
SBC_ECOM_LOG_EKF QUAT(Q®7) | o o o o | o o o o]
'SBC_ECOM_LOG_EKF.NAV(O®) | N « o o
'SBG_ECOM_LOG_EKF_VEL BODY(S4) | ] e o o]
'SBG_ECOM_LOG_EKF_ROT_ACCEL BODV () | | « o o
'SBG_ECOM_LOG_EKF_ROT ACCEL NED(53) | | e o o]
SBG_ECOM_LOG_SHIP MOTION(@3) | e o o o | e o o o
'SBG_ECOM_LOG_SHIP_MOTION.HP(32) | | « o o o
SBGECOMLOG.MAG(®4) | e e e e o | ]
'SBG_ECOM_LOG MAG_CALB(@S) | o o o o o | ]
SBG_ECOM_LOG.GPSTVEL(3) | N
SBG_ECOM_LOG_GPSTPOS (W) | N
'SBG_ECOM_LOG GPSTHDT(S) | N
SBG_ECOM_LOG_GPSTRAW(GY) | N « o o]
'SBG_ECOM_LOG_GPS1.SAT(SO) | « o o o
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ELLIPSE High Performance INS
Name (Message ID) A E N D A E N D
SBG_ECOM_LOG_GPS2_VEL (16) ° ° °
SBG_ECOM_LOG.GPS2POS(7) | ] e o o]
SBC_ECOM_LOG_GPS2 HDT(®) | c o o |
SBG_ECOM_LOG_GPS2 RAW(S) | ] e o o]
'SBG_ECOM LOG GPS2. SAT(S) | o« o o |
'SBG_ECOM_LOG_ODO_VEL(S) | N e o o]
SBG_ECOM_LOG AR DATAG®) | N
'SBC_ECOM_LOG_DEPTHG47) | « o o |
'SBC_ECOM_LOG_DVL_BOTTOM_TRACK 29 | N « o o
'SBG_ECOM_LOG_DVL_WATER_TRACK(30) | N .« o e
SBGECOMLOGUSBLG) | « o o |
SBGECOM_LOG EVENTA(4) | o o o o o | o o o o]
SBG_ECOMLOGEVENTB(S) | e o o o] e o o o
SBG_ECOM_LOG_EVENT C(28) |« | « o o o |
SBCECOM_LOG_EVENT D () | e e | e e e o]
SBG_ECOM_LOGEVENTEGQS) | ] c o o o |
'SBG_ECOM_LOG_EVENT OUT A(45) | | « o o o
'SBG_ECOM_LOG_EVENT OUTB(48) | | c o o o |
SBG_ECOM_LOG.DIAG@S) | e e
SBC_ECOM_LOGRTCMRAW@AS) | e e

0 Note 1: Please also check the Hardware Reference Manual of the product to confirm log availahility. For
example, ELLIPSE Micro don't support SBG_ECOM_LOG_EVENT_B message.

o

Note 2: If you have an EKINOX-M or APOGEE-M, please used the ‘A’ High Performance product type. If you
have an EKINOX-U or APOGEE-U, please use the ‘E’ type.
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2.4.3. General inforrmation and tirme
2.4.3.1. Device status
This output combines all system status data, divided into several categories: General, Communications, Aiding..

This log is useful for advanced status information.

Message name (ID) | SBG_ECOM_LOG_STATUS (01)
Field Description Unit |Format Size Offset
TIME_STAMP Time since sensor is powered up ys uint32 4 0
GENERAL_STATUS Ceneral status bitmask and enums - uint16 2 4
COM_STATUS_2 Additional communication status bitmask - uint16 2 6
COM_STATUS Communication status bitmask and enums - uint32 4 8
AIDING_STATUS Aiding equipment status bitmask and enums. - uint32 4 12
RESERVED_2 Reserved status field for future use - uint32 4 16
RESERVED_3 Reserved field for future use - uint16 2 20
UP_TIME System up time since the power on. S uint32 4 22
Total size |26

GENERAL_STATUS definition

Provides general device status and information such as the power supplies (main, IMU, GNSS), settings,
temperature and data-logger.

Bit Name Type Description

0 SBG_ECOM_GENERAL_MAIN_POWER_OK Mask Set to Twhen main power supply is OK.

1 SBG_ECOM.GENERAL IMU_POWER OK  Mask Settolwhen IMUpowersupplyisOK.
2 SBG_ECOM_GENERAL GPS_POWER OK  Mask Settolwhen GPS powersupplyis OK.
3 SBG_ECOM_GENERAL SETTINGS.OK | Mask Settolif settings were correctly loaded
4 SBG_ECOM GENERAL TEMPERATURE OK  Mask Set to Twhen temperature is within specified limits.
5 SBG_ECOM GENERAL DATALOGGER OK  Mask Set to when the data-logger is working correctly.
6 SBGECOMGENERALCPUOK | Mask Settolif the CPU headroom is correct.

COM_STATUS definition

Provide information on ports, tells is they are valid or saturated.

Bit Name Type Description

0 SBG_ECOM_PORTA_VALID Mask Set to 0 in case of low level communication error.

1 SBGECOM_PORTBLVALD | Mask Set o 0 in case of low level communication ermor.
2 SBG.ECOM_PORTCVALD | Mask Set to 0n case of low level communication error.
3 SBGECOM_PORTO.VALD | Mask Set 0 0 in case of low level communication error.
4 SBGECOM_PORTEVALD | Mask Set o 0 in case of low level communication eror.
5 SBG.ECOM_PORTARXOK | Mask Setto 0in case of saturation on PORT Ainput
6 SBGECOM PORTATX OK | Mask Set to 0 in case of saturation on PORT Aoutput
7 SBG.ECOM_PORTBRX.OK | Mask Setto 0in case of saturation on PORT Binput

A
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Bit Name Type Description

8 SBC_ECOM_PORTB_TX_0K Mask Set to 0 in case of saturation on PORT B output

9 SBGECOM_PORTCRX.OK | Mask Setto 0 in case of saturation on PORT Cinput
0 SBG.ECOM PORTCTXOK Mask Set to 0 in case of saturation on PORT Coutput
N SBGECOM_PORTD.RXOK | Mask Setto 0in case of saturationon PORT Dinput
12 SBGLECOMPORTOTX OK | Mask Set to 0 in case of saturation on PORT Doutput
13 SBG.ECOM_PORTERX.OK | Mask Setto 0in case of saturation on PORT Einput
14 SBGECOM_PORTETXOK | Mask Setto 0 in case of saturation on PORT Eoutput
15 SBGECOMETHO.VALD | Mask Set to 0 if the ETH O interface s either closed orinerror.
16 SBG.ECOMLETHLVALD | Mask Set to 01f the ETH T interface is either closed or in error.
7 SBGECOMETHZVALD | Mask Set to 0 if the ETH 2 interface is either closed or in error.
18 SBG.ECOMETH3VALD | Mask Set o 0 f the ETH 3 interface is either closed or in error.
19 SBGECOMETHAVALD | Mask Set to 0 if the ETH 4 interface s either closed or in error.
25 SBGECOM.CAN.VALD | Mask Set to 01n case of low level communication error.
26 SBGECOM_CAN.RX.OK | Mask Set to 0 in case of saturation on CAN Bus input buffer
27 SBGECOMCAN.TXOK | Mask Set to 0 in case of saturation on CAN Bus output buffer
2830 SBGECOM_CAN.BUS Erum Define the CAN Bus status (see the table Table 5).

You can find below the values that each clock enumeration can have:

Value Name Description

0 SBG_ECOM_CAN_BUS_OFF Bus OFF operation due to too much errors.

1 SBG.ECOM.CAN.BUSTXRXERR  Transmitorreceivederor.
2 SBCECOMCAN.BUSOK The CANbus s working correctly.
3 SBG.ECOM.CAN.BUSERROR A general errorhas occurred on the CAN bus.

Table 35: CAN Bus status enumeration
COM_STATUS_2 definition

Provide additional status on interfaces such as Ethernet.

Bit Name Type Description

0 SBG_ECOM_COM2_ETHO_RX_0OK Mask Set to 0 in case of error on ETHO input such as saturation.
1 SBGECOM_COM2ETHO.TXOK  Mask  SettoOincase of error on ETHO output such as saturation.
2 SBGECOM.COM2ETHLRX.OK  Mask  SettoOincase of erroron ETHI input such as saturation.
3 SBGECOM_COM2ETHLTX.OK  Mask  SettoOincase of error on ETHI output such as saturation.
4 SBGECOM COM2ETH2 RX.OK  Mask  SettoOincase of eroron ETH2 input such as saturation.
5 SBGECOM.COM2ETH2TXOK  Mask  SettoOincase of error on ETH2 output such as saturation.
6 SBGECOM_COM2ETHIRX.OK  Mask  SettoOincase of erroron ETH3 input such as saturation.
7 SBGECOM.COM2 ETH3TXOK  Mask  SettoOincase of error on ETH3 output such as saturation.
'8 SBGECOM_COM2ETHARX.OK  Mask  SettoOincase of erroron ETH4 input such as saturation.
9 SBGECOM_COM2ETHATXOK  Mask  SettoDincase of erroron ETH4 output such as saturation.
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AIDING_STATUS definition

Tells which aiding data is received.

Bit Name Type Description

0 SBG_ECOM_AIDING_GPS1_POS_RECV Mask Set to 1when valid GPS 1 position data is received

1 SBGECOM_AIDING.GPSLVELRECY ~ Mask  Settolwhenvalid GPS1velocity data isreceived
2 SBGECOM_AIDING GPSLHDT RECY ~ Mask  Settolwhenvalid GPS 1 true heading data s received
3 SBGECOM AIDING GPSLUTCRECY ~ Mask  Settolwhenvalid GPS1UTC time data isreceived
4 SBG_ECOM_AIDING GPS2.POS_RECY ~ Mask  Settolwhenvalid GPS 2 position data is received
5 SBG_ECOM_AIDING.GPS2VELRECY ~ Mask  Settolwhenvalid GPS 2 velocity data is received
6 SBGECOM AIDING.GPS2_HDT RECY  Mask  Settolwhen valid GPS 2 true heading data is received
7 SBGECOM_AIDING_GPS2UTCRECY ~ Mask  Settolwhenvalid GPS 2 UTC time datas received
'8 SBGECOM_AIDING_MAGRECY ~ Mask  Settolwhenvalid Magnetometer data is received
9 SBG.ECOM AIDING ODO.RECY ~ Mask  SettolwhenOdometerpulseisreceived
10 SBGECOM_ADING.DVLRECY ~ Mask  Settolwhenvalid DVL dataisreceived
M SBG_ECOM_AIDING_USBLRECY ~ Mask  Settolwhenvalid USBLdataisreceived
12 SBGECOM AIDING DEPTH.RECY ~ Mask  Settolwhenvalid Depthsensor data is received
13 SBG_ECOM_AIDING_AR DATARECY  Mask  Settolwhenvalid altitude and/or airspeed is received
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2.4.3.2. UTC and GPS Time

Provides UTC time reference and internal clock estimation metrics.

This message provides a time correspondence between the device TIME_STAMP value and the actual UTC Time.

You should use this information to time stamp all data to an absolute UTC or GPS time reference.

Message name (ID) SBG_ECOM_LOG_UTC_TIME (02)
Field Description Unit | Format Size | Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4
CLOCK_STATUS General UTC time and clock sync status - uint16 2 4
YEAR Year year uint16 2 6
MONTH Month in Year [1...12] month | uint8 1 8
DAY Day in Month [1... 31] d uint8 1 9
HOUR Hour in day [0 ... 23] h uint8 1 10
MIN Minute in hour [0 ... 59] min uint8 1 n
SEC Second in minute [0 ... 60] s uint8 1 12
NANOSEC Nanosecond of second. ns uint32 4 13
GPS_TOW GPS Time of week ms uint32 4 17
CLK_BIAS_STD Estimated clock bias 1-o standard deviation - Added in v4.0 s float 4 21
CLK_SF_ERROR_STD Estimated scale factor 1-o standard deviation - Added in v4.0 % float 4 25
CLK_RESIDUAL_ERR Measured error between GNSS PPS and internal clock - Added in v4.0 s float 4 29
Total size| 33

CLOCK _STATUS definition

Provide status on the internal clock estimation and UTC accuracy.

Bit Name Type Description

0 HAS_CLOCK_INPUT Mask Set if a valid input clock signal (PPS) is detected.

[-4] CLOCKSTATUS ~ Enum  Define the interal clock estimation status (see Table 36 below).
5 UTCISACCURATE ~ Mask  Setifthe reported UTC time is accurate (ie aligned with PPS)
6-9] UTCSTATUS ~ Enum  Definethe UTC validity status (see Table 37 below)

You can find below the clock status and UTC status enumeration values:

Value Name Description

0 CLOCK_STATE_ERROR An error has occurred on the clock estimation.

1 CLOCK_STATE_FREE_RUNNING The clock is based on the internal crystal using latest estimated clock bias/sf.
2 CLOCK_STATE-STEERING A PPS has been detected and the clock is converging to it.
3 CLOCK_STATE_VALID The clock has converged to the PPS or is still considered to be accurate.

Table 36: Clock Status enumeration
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Value Name Description
0 UTC_STATUS_INVALID The UTC time is not known and invalid. The firmware initial date time is used.
1 UTC_STATUS_NO_LEAP_SEC UTC time is initialized but the leap second is not known. Firmware leap second is used.
2 UTC_STATUS_INITIALIZED

UTC time is initialized with a fully resolved leap second information.
Table 37: UTC time status enurmeration

0 Note 1: The SEC field can report 60 seconds only when a leap second is inserted.

0 Note 2: The UTC time status has changed in latest protocol versions (sbgECom 4.0 or later). Once the UTC
time is initialized and known it stays in this state.

%
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24.4. Inertial Sensor Data

24.4.. Synchronous IMU data
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Returns synchronous Inertial Measurement Unit (IMU) measurements (status, rate, acceleration, temperature)
expressed in body frame.

Asynchronous IMU:

For High Performance INS, the IMU is asynchronous of the main processing loop. At each main loop, the latest
available IMU data is returned. As a result, you might get duplicated IMU data or miss some measurements.

For ELLIPSE products, the IMU and the main processing loop are synchronous so you will never get duplicated or
missed measurements.

Low Pass Filtered Values:

For ELLIPSE products, the rotation rate and accelerations are output in two different channels. One is low pass
filtered using a FIR filter with a -3 dB set to 64Hz. The second one is the IMU output directly as used by the INS.

For High Performance INS, both the channels output the same data that is the IMU data directly.

Message name (ID)

SBG_ECOM LOG_IMU DATA (03)

Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up s uint32 4 0
IMU_STATUS IMU Status bitmask - uint16 2 4
ACCEL_LP_X Low Pass FIR filtered body acceleration along X axis. m/s? float 4 6
ACCEL_LP_Y Low Pass FIR filtered body acceleration along Y axis. m/s? float 4 10
ACCEL_LP_Z Low Pass FIR filtered body acceleration along Z axis. m/s? float 4 14
RATE_LP_X Low Pass FIR filtered body rotation rate around X axis. rad/s float 4 18
RATE_LP_Y Low Pass FIR filtered body rotation rate around Y axis. rad/s float 4 22
RATE_LP_Z Low Pass FIR filtered body rotation rate around Z axis. rad/s float 4 26
TEMP Internal Temperature °C float 4 30
ACCELERATION_X Body acceleration along the X axis. m/s? float 4 34
ACCELERATION_Y Body acceleration along the Y axis. m/s? float 4 38
ACCELERATION_Z Body acceleration along the Z axis. m/s? float 4 42
RATE_X Body rotation rate around the X axis. rad/s float 4 46
RATE_Y Body rotation rate around the Y axis. rad/s float 4 50
RATE_Z Body rotation rate around the Z axis. rad/s float 4 54
Total size 58
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IMU_STATUS definition

Status used to know if sensors are working correctly and are in their measurement range.

Bit Name Description

0 (LSB) SBG_ECOM_IMU_COM_QOK Set to 1if the communication with the IMU is ok.

1 SBC_ECOMMUSTATUSBIT Set to if internal IMU passes Built In Test (Calibration, CPU)
2 SBGECOMMUACCELXBT Settolifaccelerometer X passes BuiltInTest
3 SBCECOMMUACCELY.BT Settolif accelerometer ¥ passes Built InTest
4 SBGECOMMUACCELZBT Settolifaccelerometer Z passes BuiltInTest
5 SBCECOMUMUGYROXBIT Settolif gyroscope X passes Built InTest
6 SBGECOMMUGYRO.Y.BT Settolif gyroscope V passes BuiltnTest
7 SBGECOMMUGYRO.ZBIT Settolifgyroscope Z passes Built InTest
8 SBC_ECOMMUACCELSIN.RANGE Settolif accelerometers are within operating range
9 SBG_ECOMIMUGYROSIN.RANGE Setto1if gyroscopes are within operating range

0 Note: If you output the IMU data at a lower rate than the main processing loop, the measurements are
accumulated to the configured output rate to prevent aliasing issues.

“ Post Processing: Do not use this log with Qinertia or any other post processing software. Please use the
dedicated log SBG_ECOM_LOG_IMU_SHORT (44) to get optimal results.

o Deprecated: This log is not recommended for new design and might be removed in future firmware.
Please use the following logs:
SBG_ECOM_LOG_IMU_SHORT (44)
SBG_ECOM_LOG_EKF_ROT_ACCEL_BODY (52)
SBG_ECOM_LOG_EKF_ROT_ACCEL_NED (53)
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24.4.2. IMU Short data

Compact and asynchronous log that returns rotation rate and accelerations in the IMU body frame. This log is used
by Qinertia for post-processing.

For High Performance INS, the IMU is asynchronous of the main processing loop. As a result, it is perfectly normal
to get 0, 1or 2 log per main processing loop.

For ELLIPSE products, the IMU and the main processing loop are synchronous so you get a steady 200Hz output
rate.

Message name (ID) SBG_ECOM LOG_IMU SHORT (44)
Field Description Unit Format |Size Offset
TIME_STAMP Time since sensor is powered up S uint32 4 0
IMU_STATUS IMU Status bitmask - uint16 2 4
ACCELERATION_X X axis acceleration - Scaling 1048576 LSB for 1m.s? m.s? int32 4 6
ACCELERATION_Y Y axis acceleration - Scaling 1048576 LSB for 1 m.s™ m.s”? int32 4 10
ACCELERATION_Z Z axis acceleration - Scaling 1048576 LSB for 1 m.s™ m.s? int32 4 14
RATE_X X axis rotation rate - Scaling 67108864 LSB for 1rad.s” rad.s” int32 4 18
RATE_Y Y axis rotation rate - Scaling 67108864 LSB for 1rad.s” rad.s” int32 4 22
RATE_Z Z axis rotation rate - Scaling 67108864 LSB for 1rad.s” rad.s” int32 4 26
TEMP IMU Temperature - Scaling 256 LSB for 1°C °C int16 2 28
Total size 32

IMU_STATUS definition

Status used to know if sensors are warking correctly and are in their measurement range.

Bit Name Description

0 (LSB) SBG_ECOM_IMU_COM_0OK Set to 1if the communication with the IMU is ok.

1 SBGECOMIMUSTATUS BIT Set to1if internal IMU passes Built In Test (Calibration, CPU)
2 SBGECOM IMUACCEL X BIT Settolif accelerometer X passes Built In Test
3 SBGECOMIMUACCELYBIT Settolifaccelerometer ¥ passes BuiltInTest
4 SBG.ECOMIMUACCELZBT Settolifaccelerometer Z passes BuiltInTest
5 SBCECOMUMUGYROXBIT Settolifgyroscope X passes Built InTest
6 SBGECOMIMUGYRO.Y.BT ¢ Settolifgyroscope ¥ passes Built InTest
7 SBCECOMUMUGYRO.ZBIT Settolifgyroscope Z passes Built InTest
8 SBGECOM IMUACCELS IN_RANGE Setto1if accelerometers are within operating range
9 SBG.ECOM IMUGYROS IN.RANGE ! Settolif gyroscopes are within operating range

o Note: This log replaces the deprecated SBG_ECOM_LOG_IMU_DATA (03) message.
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2.4.5 EKF output logs

The following logs provide the navigation unit output, in terms of Euler angles, quaternion, velocity, position and
heave. They share a common status field described below:

SOLUTION_STATUS definition

Provide information on the internal Kalman filter status such as which aiding data is used to compute the solution
and the provided solution mode.

Bit Name Description

[0-3] SBG_ECOM_SOLUTION_MODE Defines the Kalman filter computation mode (see the table 38 below)

18 SBG_ECOM_SOL_ODO_USED Set to1if Odometer is used in solution

19 SBG_ECOM_SOL DVL BT_USED  SettolifDVL Bottom Tracking is used insolution
20 SBGECOM.SOLDVLWT_USED  SettolifDVLWaterLayerisusedinsoluton
24 SBG.ECOM_SOL USBLUSED  SettolifUSBL/LBLisusedinsoluton.
25 SBG_ECOM_SOL_AIR_DATALUSED  Settolifan altitude or true airspeed is used in solution
26 SBG.ECOM.SOL ZUPT USED  SettolifaZUPTisusedinsoluton
27 SBG_ECOM_SOL ALIGN.VALID  Settolifsensoralignment and calibration parameters arevalid
28 SBGECOM_SOL DEPTH.USED  Settolif Depth sensor (for subsea navigation) is used in solution

o Note: All “used in solution” flags have a timeout mechanism to ease their interpretation. For example, the
flag SBG_ECOM_SOL_ODO_USED will remain valid during 3s following the latest time the odometer has
been acctualy used in the solution.
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You can find below the different available solution modes:

Value Name Description

0 SBG_ECOM_SOL_MODE_UNINITIALIZED The Kalman filter is not initialized and the returned data are all
invalid.

1 SBG_ECOM_SOL_MODE_VERTICAL_GYRO The Kalman filter only rely on a vertical reference to compute roll
and pitch angles. Heading and navigation data drift freely.

2 SBG_ECOM_SOL_MODE_AHRS A heading reference is available, the Kalman filter pravides full
orientation but navigation data drift freely.

3 SBG_ECOM_SOL_MODE_NAV_VELOCITY Deprecated - not used anymore.

4 SBG_ECOM_SOL_MODE_NAV_POSITION Nominal mode, the Kalman filter computes all parameters

2.4.5.2. Euler angles

(attitude, velocity, position). Absolute position is provided.
Table 38: Solution modes enumeration

Provides computed orientation in Euler angles format.

Message name (ID)

SBG_ECOM_LOG_EKF_EULER (06)

Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up S uint32 4 0
ROLL Roll angle rad float 4 4
PITCH Pitch angle rad float 4 8
YAW Yaw angle (heading) rad float 4 12
ROLL_ACC 1o Roll angle accuracy rad float 4 16
PITCH_ACC 1o Pitch angle accuracy rad float 4 20
YAW_ACC 1o Yaw angle accuracy rad float 4 24
SOLUTION_STATUS Global solution status. See SOLUTION_STATUS definition for |- uint32 4 28
more details.
Total size 32
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2.4.5.3. Quaternion attitude
Provides orientation in quaternion format.
Message name (ID) SBG_ECOM_LOG_EKF_QUAT (07)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4 0
Qo0 First quaternion parameter (W) - float 4 4
Q1 Second guaternion parameter (X) - float 4 8
02 Third quaternion parameter (Y) - float 4 12
03 Forth quaternion parameter (Z) - float 4 16
ROLL_ACC 1o Roll angle accuracy rad float 4 20
PITCH_ACC 1o Pitch angle accuracy rad float 4 24
YAW_ACC 1o Yaw angle accuracy rad float 4 28
SOLUTION_STATUS Clobal solution status. See SOLUTION_STATUS definition for |- uint32 4 32
more details.
Total size 36
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2.4.5.4. Navigation, position, velocity

SBGFWM.2 4

Provides velocity in NED coordinate system and position (Latitude, Longitude, Altitude), and associated accuracy
parameters.
Message name (ID) SBG_ECOM_LOG_EKF_NAV (08)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4 0
VELOCITY_N Velocity in North direction m/s float 4 4
VELOCITY_E Velocity in East direction m/s float 4 8
VELOCITY_D Velocity in Down direction m/s float 4 12
VELOCITY_N_ACC 1o Velocity in North direction accuracy m/s float 4 16
VELOCITY_E_ACC 10 Velocity in East direction accuracy m/s float 4 20
VELOCITY_D_ACC 10 Velocity Down direction accuracy m/s float 4 24
LATITUDE Latitude ° double 8 28
LONCGITUDE Longitude ° double 8 36
ALTITUDE Altitude above Mean Sea Level double 8 44
UNDULATION Altitude difference between the geoid and the Ellipsoid. m float 4 52
(WGS-84 Altitude = MSL Altitude + undulation)
LATITUDE_ACC 1o Latitude accuracy float 4 56
LONGITUDE_ACC 1o Longitude accuracy float 4 60
ALTITUDE_ACC 1o Vertical Position accuracy float 4 64
SOLUTION_STATUS Global solution status. See SOLUTION_STATUS definition for |- uint32 4 68
more details.
Total size 72
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2.4.5.5. Velocity Body

SBGFWM.2 4

Provides the INS velocity expressed in the INS body/vehicle frame. When the INS is properly configured, the INS
body and vehicle frame are the same. For example in a car, the INS X axis points forward and the Y axis right.

Message name (ID)

SBG_ECOM LOG_EKF_VEL_BODY (54)

Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4 0
SOLUTION_STATUS EKF status as defined here SOLUTION_STATUS definition - uint32 4 4
VELOCITY_X Velocity in North direction m/s float 4 8
VELOCITY_Y Velocity in East direction m/s float 4 12
VELOCITY_Z Velocity in Down direction m/s float 4 16
VELOCITY_X_ACC 10 Velocity in North direction accuracy m/s float 4 20
VELOCITY_Y_ACC 1o Velocity in East direction accuracy m/s float 4 24
VELOCITY_Z_ACC 1o Velocity Down direction accuracy m/s float 4 28
Total size 32
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2.4.5.6. Corrected rotations and accelerations (Body)

Provides the rotations rate and accelerations in the INS body/vehicle frame. The rotation rates and accelerations
are compensated for sensor bias, scale factor, earth rotation and gravity.

Message name (ID) SBG_ECOM_LOG_EKF_ROT_ACCEL_BODY (52)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4 0
SOLUTION_STATUS EKF status as defined here SOLUTION_STATUS definition - uint32 4 4
RATE_X Rotation rate around the X axis. rad.s’ |float 4 8
RATE_Y Rotation rate around the Y axis. rad.s’ |float 4 12
RATE_Z Rotation rate around the Z axis. rad.s’ |float 4 16
ACCELERATION_X Acceleration along the X axis. m.s? float 4 20
ACCELERATION_Y Acceleration along the Y axis. m.s? float 4 24
ACCELERATION_Z Acceleration along the Z axis. m.s? float 4 28
Total size 32

0 Note: This log is decimated properly based on the selected output rate to avoid aliasing issues.

2.4.5.7. Corrected rotations and accelerations (NED)

Provides the rotations rate and accelerations in North, East, Down (NED) navigation frame. The rotation rates and
accelerations are compensated for sensor bias, scale factor, earth rotation and gravity.

This log is ideally suited if you would like to know a vehicle turn rate (ie down rotation rate).

Message name (ID) SBG_ECOM_LOG_EKF_ROT ACCEL NED (53)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4 0
SOLUTION_STATUS EKF status as defined here SOLUTION_STATUS definition - uint32 4 4
RATE_N Rotation rate around the North navigation frame axis. rad.s’ | float 4 8
RATE_E Rotation rate around the East navigation frame axis. rad.s’ |float 4 12
RATE_D Rotation rate around the Down navigation frame axis. rad.s’ |float 4 16
ACCELERATION_N Acceleration along the North navigation frame axis. m.s™? float 4 20
ACCELERATION_E Acceleration along the East navigation frame axis. m.s? float 4 24
ACCELERATION_D Acceleration along the Down navigation frame axis. m.s”? float 4 28
Total size 32

0 Note: This log is decimated properly based on the selected output rate to avoid aliasing issues.

o Warning: Rotation rates around navigation North and East axis are very specific. Most of the time you
should use body X and Y rotation rates.
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2.4.5.8. Heave, Surge, Sway
Provides ship motion data such as surge, sway, heave, velocity and accelerations.

This output may come from a real time computation mode, or from a delayed shipMotionHP computation. In this
case, the time stamp will be the actual data time of validity instead of current time.

Ship motions HP only provide delayed heave measurements so surge and sway components are left to zero.

Message name (ID) SBG_ECOM_LOG_SHIP MOTION (09), SBG_ECOM LOG_SHIP MOTION HP (32)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up S uint32 4 0
HEAVE_PERIOD Main heave period in seconds. s float 4 4
SURGE Surge at main location (positive forward) m float 4 8
SWAY Sway at main location (positive right) m float 4 12
HEAVE Heave at main location (positive down) m float 4 16
ACCEL_X Longitudinal acceleration (positive forward) m.s” float 4 20
ACCEL_Y Lateral acceleration (positive right) m.s™? float 4 24
ACCEL_Z Vertical acceleration (positive down) m.s” float 4 28
VEL_X Longitudinal velocity (positive forward) m.s’ float 4 32
VEL Y Lateral velocity (positive right) m.s” float 4 36
VEL_Z Vertical velocity (positive down) m.s” float 4 40
HEAVE_STATUS Ship motion output status - uint16 2 44
Total size 46

HEAVE_STATUS definition

This field must be checked in order to know which fields are active in the output and to know if data is valid or not.

Bit Name Description

0 SBG_ECOM_HEAVE_VALID Set to 1 after heave convergence time.
Set to 0 in following conditions:
*  Turn occurred and no velocity aiding is available
*  Heave reached higher/lower limits
* If astepis detected and filter has to re-converge
. If internal failure

1 SBG_ECOM_HEAVE_VEL_AIDED Set to 1if heave output is compensated for transient accelerations
2 SBGECOM_HEAVE SURGE SWAY_INCLUDED Set to 1 if surge and sway channels are provided in this output
3 SBG_ECOM_HEAVE PERIODINCLUDED Setto1if the swell period is provided in this output
4 SBG_ECOM_HEAVE PERIOD.VALD Set to if the period returned is assumed to be valid ornot.
5 SBG_ECOM_HEAVE SWELL MODE Set to1if real time heave is using the swell mode computations

0 Note: ELLIPSE products only support heave output so surge and sway related fields will be set to zero.
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2.4.6. Aiding sensors outputs
2.4.6.1. Magnetometer

Provides magnetometer data and associated accelerometer. In case of internal magnetometer used, the internal
accelerometer is also provided.

Message name (ID) SBG_ECOM_LOG_MAG (04)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up s uint32 4 0
MAG_STATUS Magnetometer status bitmask - uint16 2 4
MAG_X Magnetometer output - X axis a.u float 4 6
MAG_Y Magnetometer output - Y axis a.u float 4 10
MAG_Z Magnetometer output - Z axis a.u float 4 14
ACCEL_X Accelerometer output - X axis m/s? float 4 18
ACCEL_Y Accelerometer output - Y axis m/s? float 4 22
ACCEL_Z Accelerometer output - Z axis m/s? float 4 26
Total size 30

MAG_STATUS definition

Bit Name Description

0(LSB) SBG_ECOM_MAG_MAG_X_BIT Set to 1if the magnetometer X has passed the self test.

1 SBGECOM MAG MAGY.BIT Set to1if the magnetometer Y has passed the self test.
2 SBGECOM MAG MAGZ BT Set to1if the magnetometer Z has passed the self test.
3 SBCECOM_MAGACCELXBIT Set to1if the accelerometer X has passed the self test.
4 SBGECOM MAG ACCELYBIT Setto1if the accelerometer ¥ has passed the self test.
5 SBGECOM_MAGACCELZ BT Setto1if the accelerometer Z has passed the self test.
6 SBG.ECOM MAG_MAGSIN.RANGE Setto'if magnetometer is not saturated
7 SBG ECOM MAG ACCELS IN_RANGE Settolifaccelerometer is not saturated
8 SBG.ECOM MAG CALIBRATION.OK Setto1if magnetometer seems to be calibrated

2.4.6.2. Magnetometer calibration data

This log provides a RAW buffer for magnetic calibration procedure.

Message name (ID) SBG_ECOM LOG_MAG_CALIB (05)

Field Description Unit Format Size Offset

TIME_STAMP Time since sensor is powered up s uint32 4 0

RESERVED Reserved field for future uses - uint1e 2 4

BUFFER Raw magnetic calibration buffer - 16 bytes |16 6
Total size 22
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2.4.6.3. GNSS velocity

Provides velocity and course information from primary or secondary GNSS receiver. The time stamp is not aligned
on main loop but instead of that, it dates the actual GNSS velocity data.

Message name (ID) SBG_ECOM_LOG_GPS1_VEL (13), SBG_ECOM LOG_GPS2_VEL (16)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up gs uint32 4 0
GPS_VEL_STATUS GPS velocity fix and status bitmask - uint32 4 4
GPS_TOW GPS Time of Week ms uint32 4 8
VEL_N Velocity in North direction m/s float 4 12
VEL_E Velocity in East direction m/s float 4 16
VEL.D Velocity in Down direction m/s float 4 20
VEL_ACC_N 10 Accuracy in North direction m/s float 4 24
VEL_ACC_E 1o Accuracy in East direction m/s float 4 28
VEL_ACC_D 10 Accuracy in Down direction m/s float 4 32
COURSE True direction of motion over ground (0 to 360°) ° float 4 36
COURSE_ACC 1o course accuracy (0 to 360°). ° float 4 40
Total size 44

GPS_VEL_STATUS definition

Bit Type Name Description
[0-5] Enum SBG_ECOM_GPS_VEL _STATUS The raw GPS velocity status (see the Table 39 below).
[6-11] Enum SBG_ECOM_GPS_VEL_TYPE The raw GPS velocity type (see the Table 40 below).

You can find below the GPS velocity status and type enumerations:

Value Name Description

0 SBG_ECOM_VEL_SOL_COMPUTED A valid solution has been computed.

1 SBG_ECOM.VEL INSUFFICIENT 0BS Notenoughvalid SV to compute asolution.
2 SBG.ECOM_VELINTERNAL ERROR Anintemalerror has occurred.
3 SBGECOM.VELUMT Velocity limit exceeded.

Table 39: Raw GPS velocity status enurmeration

Value Name Description

0 SBG_ECOM_VEL_NO_SOLUTION No valid velocity solution available.

1 SBG.ECOM_VEL UNKNOWN_TYPE Anunknown solution type has been computed.
2 SBGECOM.VELDOPPLER ADopplervelocity has been computed.
3 SBG.ECOM_VEL DIFFERENTIAL Avelocity has been computed between two positions.

Table 40: Raw GFPS velocity type enurneration

o Note: Both the GPS velocity status and type should be tested to make sure that the output velocity is
valid.
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2.4.6.4. GNSS position

Pravides position information from primary or secondary GNSS receiver.

The time stamp is not aligned on main loop but instead of that, it dates the actual GPS position data.

SBGFWM.2 4

Message name (ID) SBG_ECOM LOG_GPS1_POS (14) / SBG_ECOM LOG_GPS2_POS (17)
Field Description Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up ys uint32 4 0
STATUS GNSS position fix and status bitmask - See GPS_POS_STATUS definition - uint32 4 4
ToOW GNSS Time of Week ms uint32 4 8
LAT Latitude, positive North ° double 8 12
LONG Longitude, positive East ° double 8 20
ALT Altitude Above Mean Sea Level double 8 28
UNDULATION Altitude difference between the geoid and the Ellipsoid float 4 36
(WGS-84 Altitude - MSL Altitude)
LAT_ACC 1o Latitude Accuracy float 4 40
LONG_ACC 1o Longitude Accuracy float 4 44
ALTI_ACC 1o Altitude Accuracy float 4 48
NUM_SV_USED Number of space vehicles used in GNSS solution - uint8 1 52
BASE_STATION_ID ID of the DGPS/RTK base station in use - uint16 2 53
DIFF_AGE Differential data age 0.01s | uint16 2 55
NUM_SV_TRACKED Number of tracked SV - Set to OxFF if N/A (Added in v4.0) - uint8 1 57
STATUS_EXT Additional status with interference/spoofing (Added in v4.0) - uint32 4 58
Total size 59

GPS_POS_STATUS definition

Bit  Type Name Description

[0-5] Enum SBG_ECOM_GPS_POS_STATUS The real time GNSS position status (see the Table 41 below).

6N Enum SBG_ECOM GPS POSTYPE  Thereal time GNSS position type (see the Table 42 below).
12 Mask SBGECOM GPSPOS GPSLIUSED  SettolifGPSLICA/LIPisused inthe soluton
13 Mask SBG_ECOM.GPS POSGPS L2 USED  SettolifGPSL2P/L2Cisused inthesolution
4 Mask SBG ECOM GPS POS GPS L5 USED  SettolifGPSLSisusedinthesoluton
15 Mask SBG_ECOM GPSPOS GLOLTUSED  SettolifGLONASSLICAisusedinthesoluton
16 Mask SBG_ECOM GPS POS GLO L2 USED Settolif GLONASSL2C/L2Pisused inthesoluton
17 Mask SBGECOM GPSPOS GLOL3 USED  SettolifGLONASSL3isusedinthesolution
18 Mask SBG.ECOM.GPS POS GAL ETUSED  SettolifGalleoElisusedinsoluton
19 Mask SBG_ECOM_ GPS POS GAL ESA USED  SettolifCalieoESaisusedinsoluton
20 Mask SBG ECOM GPS POS GAL ESB USED  SettolifGalieoESbisusedinsoluton
21 Mask SBG_ECOM_GPS POS GAL ESALT USED  Settolif Galileo E5 AltBoc isused insolution
22 Mask SBG_ECOM_ GPS_POS GAL E6_USED  SettolifGalieoE6isusedinsoluton
23 Mask SBG_ECOM GPS POS BDS BIUSED  SettolifBeiDouBlisusedinsoluton
24 Mask SBG_ECOM_GPS_POS BDS.B2.USED  SettolifBeiDouB2isusedinsoluton
25  Mask SBG_ECOM.GPS POS_BDS B3 USED  SettolifBeiDouB3isusedinsoluton
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Bit  Type Name Description

26 Mask  SBG_ECOM_GPS_P0OS_QZSS_L1_USED Set to 1if QZSS L1CA is used in solution
27 Mask SBG_ECOM_GPS_P0S_Q755.(2 USED  SettolifQZSSL2Cisusedinsoluton
28 Mask SBG_ECOM_GPS_P0S Q7555 USED  SettolifQZSSLSisusedinsolution

You can find below the GPS position status and type enumerations:

Value Name Description

0 SBC_ECOM_POS_SOL_COMPUTED A valid solution has been computed.

1 SBG_ECOM_POSINSUFFICIENT.0BS ~ Notemoughvalid SVtocomputeasolution.
2 SBG.ECOM_POSINTERNAL ERROR Anintemalerror has occurred.
3 SBGLECOM_POS_HEIGHT_LMIT The height limit has been exceeded.

Table 41: GNSS position status enumeration

Value Name Description

0 SBG_ECOM_POS_NO_SOLUTION No valid solution available.

1 SBG_ECOM_POS_UNKNOWN.TYPE Anunknown solution type has been computed.
2 SBGLECOM_POSSINGLE Single point solution position.
3 SBGECOMPOSPSRDIFF Standard Pseudorange Differential Solution (OGPS).
4 SBG.ECOM POS SBAS SBAS satellite used for differential corrections.
5 SBGECOM_POSOMNISTAR Omnistar VBS Position (L1sub-meter).
6 SBG.ECOM POS RTK FLOAT Floating RTK ambiguity solution (20 cms RTK).
7 SBGLECOM_POSRTKINT integer RTK ambiguity solution (2 cms RTK).
8 SBG.ECOM POSPPP_FLOAT Precise Point Positioning with float ambiguities
9 SBG.ECOM_POSPPPINT Precise Point Positioning with fixed ambiguities
10 SBGECOMPOSFIXED Fixed location solution position

Table 42: GNSS position type enurmeration

o Note: Both the GPS position status and type should be tested to make sure that the output position is
valid.

STATUS _EXT definition

Bit  Type Name Description

[0-3] Enum IFM_STATUS GNSS interference monitoring and mitigation status (see the Table 43 below).
[47] Enum SPOOFING STATUS GNSS spoofing monitoring and mitigation status (see the Table 44 below).
81 Enum OSNMA STATUS Galileo OSNMA status (ee the Table 45 below).
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You can find below the GNSS interference, spoofind and OSNMA status enumerations:

Value Name Description

0 IFM_STATUS_ERROR Interference monitoring system is in error and doesn't work.

1 IFM_STATUS.UNKNOWN Interference monitoring is either disabled or not available.
2 IFM.STATUS CLEAN  Interference are monitored and the environment is clean.
3 IFM_STATUS MITIGATED  Interference are detected and mitigated, the PVT isOK.
4 IFM.STATUSCRITICAL  Interference are detected and couldn't be mitigated, the PVT is invalid.

Table 43: GNSS Interference Monitoring enumeration

Value Name Description

0 SPOOFING_STATUS_ERROR Spoofing detection system is in error and doesn't work.

1 SPOOFING_STATUS_UNKNOWN  Spoofing detection is either disabled or not available.
2 SPOOFING_STATUS CLEAN  Spoofingdetection is enabled and not spoofer is detected.
3 SPOOFING_STATUSSINGLE  Probable spoofing identified by one methodonly.
4 SPOOFING_STATUS_MULTIPLE  Confirmed spoofing identified by several methods such as Galileo OSNMA + Built In.

Table 44: GNSS Spoofing Status enumeration

Value Name Description

0 OSNMA_STATUS_ERROR OSNMA is in error state and doesn't work.

1 OSNMASTATUSDISABLED  OSNMAiseitherdisabled ornot availale.
2 OSNMA STATUSINIIALIZING  OSNMAinitialization in progress.
3 OSNMA_STATUS_WAITING_NTP  OSNMA strict is used and is waiting to receive valid time from NTP server.
 OSNMASTATUS.VALID  OSNMAis actively authenticating Galileo signals and not spoofing is detected.
4 OSNMA STATUS.SPOOFED  OSNMA has detected spoofing on Galileo signals.

Table 45: GNSS OSNMA Status enumeration
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2.4.6.5. GNSS True Heading

Provides true heading data from primary or secondary dual antenna GNSS receiver.

SBGFWM.2 4

The time stamp is not aligned on main loop but instead of that, it dates the actual GPS true heading data.

Message name (ID) | SBG_ECOM LOG_GPS1_HDT (15) / SBG_ECOM LOG_GPS2_HDT (18)
Field Description Unit | Format Size | Offset
TIME_STAMP Time since sensor is powered up ys uint32 4 0
STATUS GPS True Heading status. - uint16 2 4
ToOW GPS Time of Week ms | uint32 4 6
TRUE_HEADING True heading angle (0 to 360°). ° float 4 10
TRUE_HEADING_ACC |10 True heading estimated accuracy (0 to 360°). ° float 4 14
PITCH Pitch angle from the master to the rover ° float 4 18
PITCH_ACC 1o pitch estimated accuracy ° float 4 22
BASELINE Distance between main and aux antenna. m float 4 26
NUM_SV_TRACKED | Number of space vehicle tracked for true heading - OxFF if N/A (Added v4.x) - uint8 1 30
NUM_SV_USED Number of used SV in true heading solution. - OxFF if N/A (Added v4.x) - uint8 1 31
Total size| 32

GPS_HDT_STATUS definition

Bit Type Name Description
[0-5] Enum SBG_ECOM_GPS_HDT_STATUS The raw GPS true heading status (see the Table 46 below).
6 Mask  SBG_ECOM_GPS_HDT_BASELINE_VALID Set if the baseline length field is filled and valid.

You can find below the GPS true heading status enumeration:

Value Name Description

0 SBG_ECOM_HDT_SOL_COMPUTED A valid solution has been computed.
1 SBG.ECOM_HDTINSUFFICIENT_OBS ~ Notenoughvalid SVtocomputeasolution.
2 SBG_ECOM_HDTNTERNAL ERROR Anintermal error has occurred.
3 SBG.ECOM_HDT HEIGHT.UMIT The height limit has been exceeded.

Table 46: Raw GPS true heading status enurneration
2.4.6.6. GNSS raw data

This special log is used to store raw GPS data for post processing purposes. It stores directly untouched binary
messages that are relevant for post processing from the GNSS receiver. Each message can store up to 4096 bytes
of raw GNSS data.

Message name (ID) SBG_ECOM LOG_GPS1_RAW (31) / SBG_ECOM LOG_GPS2_RAW (38)
Field Description Unit Format Size Offset
RAW_BUFFER Buffer that stores GNSS raw data as returned by the |- void [0-4096] 0
receiver.
Total size [0-4096]
96/178 3% SBG svsTEMS



Inertial Sensor Interface - Firmware Reference Manual SBGFWM.2 4

2.4.6.7. GNSS Space Vehicles Information

List all space vehicles in view by the GNSS 1 or 2 receiver primary antenna. This message is typically sent every
second based on latest up to date information from the GNSS receiver.

This message reports for each satellite its constellation, identifier/PRN, elevation, azimuth and health status. An
additional list of tracked signals is also returned by satellite.

Each signal data block contains the signal identifier, a Signal To Noise Ratio information to check reception quality
as well as a health/used in solution indicators.

Please refer to GNSS Definitions to get constellation, satellite Id and signal Id definitions.

Message name (ID) SBG_ECOM_LOG_GPS1_SAT (50), SBG_ECOM LOG_GPS2_SAT (51)

Field Description Unit Format Size Offset
timeStamp Time since sensor is powered up s uint32 4 0

reserved Reserved do not use - uint32 4 4

nrSatellites Number of reported satellites in this message (0-64) - uint8 1 8

Start of repeated group SatData(nrSatellites times)

satelliteId RINEX Satellite number - See Satellite Id definition - uint8 1 -
elevation Satellite elevation in degrees from -90 to +90 ° int8 1 -
azimuth Satellite azimuth in degrees from O to 359 ° uint16 2 -
satFlags Satellite status - Definition for satFlags - uint16 2 -
nrSignals Number of reported signals for this satellite (0-8) - uint8 1 -

Start of repeated group Signa/Data(nrSignals times)

signalld Signal unique identifier - See Signals definition - uint8 1 -
sigFlags Signal status - Definition for sigFlags - uint8 1 -
snr Signal-to-Noise ratio in dB dB uint8 1 -

End of repeated group Signal/Data (nrSignals times)

End of repeated group SatData (nrSatellites times)

’Total size ‘ -
Tracking Status Enum
Value Name Description
0 SBC_ECOM_SAT_TRACKING_STATUS_UNKNOWN Unknown tracking status such as no signal or idle
1 SBG_ECOM_SAT_TRACKING_STATUS_SEARCHING Signal is being searched but can't be used yet

5  SBG_ECOM_SAT_TRACKING_STATUS_TRACKING_USED Signal tracked and used in the GNSS solution
Table 47: Satellite or signal tracking enurmeration

Health Status Enum
Value Name Description
0 SBG_ECOM_SAT_HEALTH_STATUS_UNKNOWN Satellite or signal health is not known
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Value Name Description

1 SBC_ECOM_SAT_HEALTH_STATUS_HEALTHY The satellite or signal is healthy and can be used

2 SBG_ECOM_SAT_HEALTH_STATUS_UNHEALTHY The satellite or signal is not healthy and can't be used
Table 48: Satellite or signal health enumeration

Elevation Status Enurm

Value Name Description

0  SBG_ECOM_SAT_ELEVATION_STATUS_UNKNOWN  Don't know if the satellite elevation is setting or rising

2 SBG_ECOM_SAT_ELEVATION_STATUS_RISING The satellite elevation is rising
Table 439 Satellite elevation enumeration

Definition for satFlags

This flag reports the satellite constellation, tracking, health and elevation status.

Bit Type  Name Description

[0-2] Enum  Tracking status - 3 bits width Satellite tracking status. See Tracking Status Enum definition
© [34]  Enum  Heslthstatus-2bitswidth  Satellite health status. See Health Status Enum definition
 [56]  Enum  CElevationstatus- 2bitswidth  Satellite elevation status. See Elevation Status Enum definition
© [0]  Enum  Constellation-4btswidth  Satellite constellation system. See Constellations definition

Definition for sigFlags

This flag reports for a signal if the SNR is available, the health and tracking status.

Bit Type  Name Description

[0-2] Enum  Tracking status - 3 bits width Satellite tracking status. See Tracking Status Enum definition
341 Enum  Healthstatus-2bitswidth  Satellite health status. See Health Status Enum definition
5 Mask SNRwvald  SettoliftheSignal-to-Noise Ratioinformation s available
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2.4.6.8. Odometer velocity

SBGFWM.2 4

Returns the external velocity aiding expressed in meters per secand. This external velocity can come from any type

of speed sensor that measures a velocity along the IMU X axis (direction of travel).

Typical external velocity aiding equipment could be a quadrature/pulse odometer or an odometer integrated in
cars and retrieved through a CAN bus.

This asynchronous log is sent by the unit when a new velocity aiding information is available (for example if an
odometer pulse is detected).

Timestamp considerations

When used as an output log, it is asynchronous and as such, time since reset is

instead of that, it dates the actual velocity data.

not aligned on main loop but

Message name (ID)

SBG_ECOM_LOG_ODO_VEL (19)

ODO_VEL_STATUS definition

Bit Name

Description

Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up HS uint32 4 0
ODO_STATUS Odometer velocity status bit-mask - uint16 2 4
ODO_VEL Velocity in odometer direction m/s float 4 6
Total size |10

0 (LSB) SBG_ECOM_0ODO_REAL_MEAS

timeout.

Set to 1if this log comes from a real pulse measurement or O if it comes from a

1 SBG_ECOM_ODO_TIME_SYNC

89/178

Set to 1if the velocity information is correctly time synchronized.
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2.4.6.9. Airdata, altitude and true airspeed

The Airdata log provides both a barometric altitude above reference level as well as a true airspeed indication. The
altitude is generally measured using a barometer whereas the true airspeed is measured using a pitot tube. The
altitude is by default referenced to a standard 1013.25 hPa zero level pressure.

Unlike other sbgECom logs, this log is both used as an input and output log. It is send by the unit when a new
internal airdata information is available but it can also be used to inject an external altitude and true airspeed
aiding information..

Timestamp considerations

When used as an output log, it is asynchronous and as such, time since reset is not aligned on main loop but
instead of that, it dates the actual altitude / airspeed measurement.

When used as an external altitude aiding input information, the TIME_STAMP field can either represent an
absolute time information or just a measurement delay according to the status flags.

The measurement delay information will be used by the INS to compute an absolute timestamp based on the
reception time, serial transmission delay (if applicable) and the specified delay information.

Message name (ID) SBG_ECOM_LOG_AIR DATA (36)
Field Description Unit Format Size Offset
TIME_STAMP / DELAY | Time since sensor is powered up or measurement delay s uint32 4 0
AIRDATA_STATUS Airdata information status - uint16 2 4
PRESSURE_ABS Raw absolute pressure measured by the barometer sensor Pa float 4 6
ALTITUDE Altitude computed from barometric altimeter m float 4 10
PRESSURE_DIFF Raw differential pressure measured by the pitot tube Pa float 4 14
TRUE_AIRSPEED True airspeed measured by the pitot tube m.s"-1 float 4 18
AIR_TEMPERATURE QOutside air temperature used for airspeed computations °C float 4 22
Total size 26

AIRDATA_STATUS definition

Bit Name Description
0 (LSB) SBG_ECOM_AIR_DATA_TIME_IS_DELAY Set to 1if the TIME_STAMP field is a measurement delay instead of an
absolute time stamping information.
1 SBC_ECOM_AIR_DATA PRESSURE_ABSVALID  Settolif the absolute pressure field is filed and valid.
2 SBC_ECOM_AIR DATA ALTTUDE VALID  Settolifthe barometric altitude feld s filled and valid.
3 SBG_ECOM_AIR_DATA PRESSURE DIFF_VALID  Settolif the differential pressure field is filled and valid.
4 SBC_ECOM_AIRDATA_AIRSPEED.VALID  Settolifthetrueairspeed field is filedand valid.
5 SBG_ECOM AIR_DATA TEMPERATURE VALID  Settolif the output air temperature field is filled and valid.
RUA
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2.4.6.10. Doppler Velocity Log
This log stores either bottom or water track velocity data from a Doppler Velocity Log.

Time since reset is not aligned on main loop but instead of that, it dates the actual DVL velocity data.

Message name (ID) SBG_ECOM_LOG_DVL_BOTTOM TRACK (29), SBG_ECOM LOG_DVL WATER TRACK (30)
Field Description Unit Format |Size Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4 0
DVL_STATUS DVL velacity status bit-mask - uint16 2 4
VELOCITY_X Velocity X expressed in the DVL instrument frame m/s float 4 6
VELOCITY_Y Velocity Y expressed in the DVL instrument frame m/s float 4 10
VELOCITY_Z Velocity Z expressed in the DVL instrument frame m/s float 4 14
VELOCITY_QUALITY_X X velocity quality expressed in the DVL instrument frame m/s float 4 18
VELOCITY_QUALITY_Y Y velocity quality expressed in the DVL instrument frame m/s float 4 22
VELOCITY_QUALITY_Z Z velocity quality expressed in the DVL instrument frame m/s float 4 26
Total size 30

DVL_STATUS definition
Bit Name Description
0 (LSB) SBG_ECOM_DVL_VELOCITY_VALID Set to 1if the DVL equipment was able to measure a valid velocity.
1 SBG_ECOM_DVL_TIME_SYNC Set to 1if the data is accurately time stamped using a Sync In or Sync Out.

2.4.6.11. Depth Sensor

This log stores the pressure and depth information that comes from a subsea depth sensor.

Time since reset is not aligned on main loop but instead of that, it dates the actual depth measurement.

Message name (ID) SBG_ECOM_LOG_DEPTH (47)

Field Description Unit Format |Size Offset

TIME_STAMP Time since sensor is powered up or delay Hs uint32 4 0

DEPTH_STATUS Depth sensor status bit-mask - uint16 2 4

PRESSURE_ABS Absolute water pressure expressed in Pascals Pa float 4 6

DEPTH Underwater depth measurement, positive upward m/s float 4 10
Total size 14

DEPTH_STATUS definition

Bit Name Description
0(LSB) SBG_ECOM_DEPTH_TIME_IS_DELAY Set to 1if the time stamp field represents a delay instead of an absolute time
stamp
1 SBG_ECOM DEPTH PRESSURE ABS VALID  Settolifthe pressure field is filed and valid.
2 SBG.ECOM_DEPTH_ALTITUDEVALID  Settolifthedepthaltitude field is filed andvald.

A
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2.4.6.2. USBL position
This log is used to retrieve the position as returned by an USBL beacon.

Time since reset is not aligned on main loop but instead of that, it dates the actual positioning data.

Message name (ID) SBG_ECOM_LOG_USBL (37)
Field Description Unit Format |Size Offset
TIME_STAMP Time since sensor is powered up Hs uint32 4 0
USBL_STATUS USBL system status bitmask - uint16 2 4
LATITUDE Latitude in degrees, paositive north ° double 8 6
LONGITUDE Longitude in degrees, positive east ° double 8 14
DEPTH Depth in meters below mean sea level (positive down) m float 4 22
LATITUDE_STD 10 latitude accuracy in meters m float 4 26
LONGITUDE_STD 10 longitude accuracy in meters m float 4 30
DEPTH_STD 10 depth accuracy in meters m float 4 34
Total size 38
USBL_STATUS definition
Bit Name Description
0 (LSB) SBG_ECOM_USBL_TIME_SYNC Set to 1if the altimeter equipment was correctly initialized,
1 SBG_ECOM_USBL POSITION.VALID  Settolifthe USBL data representsavalid 20 positon
2 SBG_ECOM_USBLDEPTH.VALD  Settolifthe USBL datahasavalid depthinformation
RUA
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2.4.7. Miscellaneous logs

2.4.71. Event Markers

All SBG Systems Inertial Systems can detect events markers at up to 1 kHz on synchronization input signals such
as Sync A, Sync B, Sync C, Sync D and Sync E. For each input synchronization signal, the device can output a binary
log that returns the time of each received event during the last past 5 milliseconds (the maximum output rate is

200 Hz).

The TIME_STAMP field dates the first event that has been received during the last 5 ms. Other events received
during the same time slot (5ms) are dated using a time offset to reduce the log size.

Sometimes, Sync Out signals are used to trigger for instance a camera either based on a time period or even based
on a traveled distance (virtual odometer). The user is interested in having the exact time, attitude, velocity and

position at which the picture has been taken.

To easily address this situation, SBG Systems products are also able to generate output event markers. The

SBGFWM.2 4

product will generate an electrical sync out signal and at the same time an output log that dates this event.

Example

If three events are received during the last 5 ms, each event will be dated using the following rules:

The other time offset fields will be set to 0 and the EVENT_STATUS flag will reflect which time offset fields are

valid.

First received event time is directly stored in TIME_STAMP
e Second received event time is TIME_STAMP + TIME_OFFSET_0O
e Thrid received event time is TIME_STAMP + TIME_OFFSET 1

Message name (ID)

SBG_ECOM LOG_EVENT A (24), SBG_ECOM LOG_EVENT B (25), SBG_ECOM LOG EVENT C (26),
SBG_ECOM LOG_EVENT D (27), SBG_ECOM LOG_EVENT E (28),
SBG_ECOM LOG_EVENT OUT A (45), SBG_ECOM LOG_EVENT OUT B (46),

103/178
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Field Description Unit Format |Size Offset
TIME_STAMP Measurement time since the sensor power up. Hs uint32 4 0
EVENT_STATUS Status bit mask - uint16 2 4
TIME_OFFSET_0 Time offset for the second received event. s uint1e 2 6
TIME_OFFSET_1 Time offset for the third received event. s uint1e 2 8
TIME_OFFSET_2 Time offset for the fourth received event. s uint1e 2 10
TIME_OFFSET_3 Time offset for the fifth received event. Hs uint1e 2 12
Total size |14
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EVENT_STATUS definition

Bit Name Description

0 (LSB) SBG_ECOM_EVENT_OVERFLOW Set to 1if we have received events at a higher rate than 1 kHz.

1 SBG.ECOM EVENT OFFSET O.VALID Setto1if at least two events have been received.
2 SBG.ECOM_EVENT OFFSETIVALD SettoTif at least three events have been received.
3 SBG_ECOM_EVENT OFFSET 2.VALD ¢ Settolif at least four events have been received.
4 SBG_ECOM_EVENT OFFSET3.VALD Settoliffive events have been received.

0 Note: The device can support events markers at up to 1kHz. If too much events are sent, it may overload
the internal CPU leading to decreased performance and reliability.

o Warning: Never leave an activated Sync In signal unconnected as noise on the line may trigger spurious
events at very high rates.

2.4.7.2. Diagnostic messages

This log is sent by the device each time an internal log error, warning or information is output.

Message name (ID) SBG_ECOM LOG_DIAG (48)
Field Description Unit Format Size Offset
TIME_STAMP Time since sensor is powered up s uint32 4 0
TYPE Reported message type as defined below - uint8 1 4
ERROR_CODE Returned error code if any as defined in Table 2 - uint8 1 6
MESSAGE Detailed message as a NULL terminated C string - chars [0-4080] 34

Total size 6

TYPE definition

Value Name Description
0 SBG_DEBUG_LOG_TYPE_ERROR The returned message is an error, it shouldn't occur during normal operation
T SB0_DEBUG L0G TVPEWARNING Thereported message s a waring tat might occurdurng normalcperation.
2 SBG.DEBUGLOGTYPEINFO - This is just an information message used for troubleshooting
3 SBG.DEBUGLOG.TYPEDEBUG  Debug message that is only generated with specific firmware

2.4.73. RAW RTCM Data

This log stores the raw RTCM/NTRIP data stream. The device should have been correctly setup to accept input
RTCM or NTRIP data corrections.

Message name (ID) SBG_ECOM LOG RTCM RAW (49)
Field Description Unit Format |Size Offset
RAW_BUFFER Buffer containing the RAW input RTCM data stream - void [0-4086] |0

Total size [0-4086]

RUA
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2.5. SBG_ECOM_CLASS_LOG_ECOM_1

This message class contains only special output logs that can be generated at high update rate (ie 1000Hz). Each
log stores coherent data that can be fully interpreted without any additional information.

In addition, a time stamp expressed in microseconds is included in each log. It can be used to synchronize the data
precisely.

0 Note: SBG Systems reserves the right to add at the end of logs new fields in future revision of the
sbgECom protocol for upward compatibility. Therefore, user must consider the DATA sizes defined in this
document as a minimum size.

o Warning: Unlike other message classes, enabling this class on an output interface will disable any other
output on the interface to maintain priority for high output rate messages.

2.5.7. Output Logs Overview

The following list, provides a quick overview of all available logs for this message class. It briefly describle which
parameters are contained in each output log.

Name (MSG ID) Description
SBG_ECOM_LOG_FAST_IMU_DATA (00) 1KHz Inertial Measurement Unit message - Calibrated Accelerometers and Gyroscopes
sample

2.5.2. Output Logs Availability

The table below details the sbgECom binary logs availability according to a specific product family and product
type. For example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main column
'ELLIPSE'. Each available message is indicated with the e symbol.

ELLIPSE High Performance INS
Name (Message ID) | A E N D A E N D M U]
SBC_ECOM_LOG_FAST_IMU_DATA (00) L] ° ° L] °
\\rZ
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2.5.3 Fastinternal IMU data

Provides accelerometers, gyroscopes, time and status at 1KHz rate.

Message name (ID) | SBG_ECOM LOG_FAST_IMU_DATA (00)
Field Description Scale |Unit |Format |Size Offset
TIME_STAMP Time since sensor is powered up 1 s uint32 |4 0
IMU_STATUS IMU Status bitmask - uint1e 2 4
ACCEL_X Accelerometer sample - X axis 107 m/s2 |intl6 2 6
ACCEL_Y Accelerometer sample - Y axis 107 m/s2 |int16 2 8
ACCEL_Z Accelerometer sampler - Z axis 107 m/s? |int16 2 10
GYRO_X Cyroscope sample - X axis 107 rad/s |int16 2 12
GYROLY Gyroscope sample - Y axis 107 rad/s |int16 2 24
CYRO_Z Cyroscope sample - Z axis 10° rad/s |int16 2 16
Total size |18

IMU_STATUS definition:

Status used to know if sensors are warking correctly and are in their measurement range.

Bit Name Description

0 (LSB) SBG_ECOM_IMU_COM_QOK Set to 1if the communication with the IMU is ok.

1 SBGECOMIMUSTATUSBIT Set to1if internal IMU passes Built In Test (Calibration, CPU)
2 SBGECOMMUACCELXBT ! Settolif accelerometer X passes Built InTest
3 SBCECOMMUACCELY.BT Settolif accelerometer ¥ passes Built InTest
4 SBGECOMMUACCELZBT Settolifaccelerometer Z passes BuiltInTest
5 SBCECOMUMUGYROXBIT Settolif gyroscope X passes Built InTest
6 SBGECOMIMUGYROY.BIT Settolifgyroscope Y passes Built InTest
7 SBCECOMUMUGYRO.ZBIT Settolif gyroscope 7 passes Built InTest
8 SBG_ECOMMUACCELSIN.RANGE Settolif accelerometers are within operating range
9 SBG_ECOM_MUGYROSIN.RANGE Setto1ifgyroscopes are within operating range

A
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3. NMEA Protocol description

In order to allow straightforward integration with third party equipment and software, the Inertial System
supports NMEA messages input and outputs.

3.1. NMEA sentences format

The implemented NMEA sentences are based on NMEA 0183 Version 4.1.

The following example is described in the table below:

$GPzDA,201530.00,04,07,2002,00,00*60<CR><LE>

Field Value Description Example

Start of frame S All frames start with $ S

Talker ID <XX> GP for GPS GL for GLONASS... GP

Sentence Formater | <XXX> Type of message content ZDA

[value] Data field are separated by a',' Data field can vary even for a ,201530.00,04,07,2002,00,00
certain field

Check-sum *<Checksum> | Start with a "*' and consist of a 2 characters representing a 8 *60
bits hex value. The checksum is the XOR of all previous values
except '$'and '*'

End of Frame <CR><LF> All frames end with a carriage return and line feed. <CR><LF>

0 Note 1: For each output interface, the NMEA talker ID may be configured accordingly. When input NMEA
data are sent to the AHRS/INS, the talker ID field is ignored.

“ Note 2: Each data field is comma separated. Sometimes, a field cannot be defined and can be left empty.
In this case the frame may contain several blank fields as shown below:

SGPZDA,,,,, *XX<CR><LF>

%
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3.1.1. NMEA types conventions
To ease NMEA messages definitions, we define two conventions for both integers and decimal number format.

3.11.1. Integer numbers

Integer numbers are represented using the char 'i". The number of 'i' chars define the maximum number of digits
that can be used to represent this integer.

The char '-'is prepended to represent a negative integer number.
Example
The integer format iii could be used to represent the following integers: -234, 13, -3

3.1.1.2. Decimal numbers

Decimal numbers are represented by the char 'f'. The char " is used to separate the integer part from the decimal
one. The number of 'f' chars define the maximum number of digits that can be used to represent both the integer
and decimal part.

The char '-' or '+' can be prepended to represent negative or positive decimal number.
Exarmple
The decimal format ff.fff could be used to represent the following decimal numbers: -34.2, 1.205, 24126
3.1.1.3. Time convention
The time expressed in NMEA messages is always expressed in terms of UTC time. It has the following form:

hhmmss.ss. As an example 125430.0 corresponds to the following UTC Time: 12:54 and 30.00 seconds.

RUA
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3.2. SBG_ECOM_CLASS_LOG_NMEA_O

The AHRS/INS can output standard NMEA 0183 version 4.1 logs for GPS drop in replacement and to ease
integration with third party systems.

All NMEA outputs generated by the INS are based on the Inertial Navigation Solution and are not related directly
to aiding data such as from a GNSS receiver.

For instance, even if a GNSS receiver is providing an RTK solution, if the INS is not aligned the product will output
GGA messages with a guality indicator of O (invalid). This behavior is expected as an INS can still deliver RTK like
accuracy solutions even during GNSS outages.

3.2.1. Quality indicators

NMEA messages provide different quality indicators. The table below details how these quality indicators are
translated from the Inertial Navigation Sol oution position standard deviation to NMEA standard.

Horizontal Accuracy >100m <100 m <10m <12m <30cm <10cm
NMEA name Invalid Fix Dead Reckoning ~ Standalone Fix DGPS Fix Floating RTK Fixed RTK
Navigational Status Not valid Caution Safe Safe Safe Safe
GGA guality indicator 0 6 1 2 5 4
GCK quality indicator 0 1 4 2 3
RMC/VTG mode N E A D F R
RMC Nav. Status Vv C S S S S

3.2.2. DOP computation

The DOP (Dillution of Precision) is a specific GNSS related guality indicator only based on Space Vehicles geometry
it has thus no meaning for an INS. This DOP parameter is today mostly deprecated as INS/GNSS algorithms now
provide much better and reliable quality indicators.

However, some software still use the DOP information to discard outliers and inaccurate position solutions. The
INS outputs a DOP based directly on the estimated position standard deviation:

DOP =+ North?, +East’,

horizontal

%
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3.2.3. NMEA Logs Overview

Name (MSG ID) Description
SBG_ECOM_LOG_NMEA GGA (00) Latitude, Longitude, Altitude, Quality indicator
'SBC_ECOM_LOG_NMEA RMC(0) ~ Latitude, Longitude, velocity, course overground
SBC_ECOM_LOGNMEAVTG(08) ~ Trackandspeed overtheground
SBC_ECOM_LOGNMEA ZDA(02) ~ UTCdateandtime
'SBG_ECOM_LOG_NMEA_HDT (03) ~ Headingfromtruenorth
SBC_ECOM_LOGNMEA GST(04)  Positionerrorstatistics
'SBG_ECOM_LOG_NMEA VBW (05) ~ Dualground / waterSpeed
SBC_ECOM_LOGNMEADPT(07)  Depthofwater
SBC_ECOM_LOGNMEAROT (09)  Downrateoftum
'SBG_ECOM_LOG_NMEA GSV (1)~ GNSS Satellites in View with azimuth, elevation and SNR information
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3.24. NMEA Logs Availability

SBGFWM.2 4

The table below details the NMEA logs availability according to a specific product family and product type. For
example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main column 'ELLIPSE'. Each

available message is indicated with the e symbol.

ELLIPSE

High Performance INS

Name (Message ID)

SBG_ECOM_LOG_NMEA_GCA (00

SBG_ECOM_LOG_NMEA_GSV (10)

o

type.

Note: If you have an EKINOX-M or APOGEE-M, please used the ‘A" High Performance product type. If you
have an EKINOX-U or APOGEE-U, please use the ‘E’

111/178
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3.2.5. CGA message

SBGFWM.2 4

Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA GGA (00)

The GGA log provides detailed Kalman filtered position, altitude and accuracy data.

Message format

$GPGGA, ,,,,,0,00,20.0,,,,,, *7TA<CR><LF>
$GPGGA, 000010.00,4852.10719,N,00209.42313,E,0,00,0.0,-44.7,M,0.0,M,, , *63<CR><LF>

Field Name Format Description

0 SH#GGA string Message ID - GGA frame

1 Time hhmmss.ss UTC Time, current time

2 Latitude ddmm.mmmmmmmm Latitude: degree + minutes with 8 decimal digits

3 N/S char North / South indicator

4 Longitude dddmm.mmmmmmmm | Longitude: degree + minutes with 8 decimal digits

5 E/W char East / West indicator

6 Quality i Solution guality (see definition in Quality indicators)

7 SV used ii Number of satellites used in solution

8 Horizontal DOP | ff.f Horizontal dilution of precision, (see definition in Quality indicators)
9 Altitude MSL FAFL.Aff Altitude above Mean Sea Level in meters

10 M M Altitude unit (Meters) fixed field.

M Undulation fFffff Geoidal separation between WGS-84 and MSL in meters).

12 M M Units for geoidal separation (Meters) fixed field.

13 Diff. Age S.5 Age of differential corrections in secands, only filled if applicable.
14 Diff. station ID rrer Differential station id such as, only field if applicable.

15 Check sum *cs Xor of all previous bytes except $

16 End of frame <CR><LF> Carriage return and line feed

o Note: The position quality and DOP are computed using the INS position estimated standard deviation. It
is not related to the GNSS solution directly.

A
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3.2.6. RMC message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA RMC (01)

This is the “minimum recommended GNSS data” frame that contains Kalman enhanced 2D position, velocity and
course over ground as well as quality indicators.

Message format

SGPRMC, ,V,ysrrr1r7s s, N, V¥29<CR><LF>
$SGPRMC, 010802.26,A,4852.13326,N,00209.49001,E,0.2,195.49,290512,, ,A*67<CR><LF>

Field Name Format Description

0 SHHERMC string Message ID - RMC frame

1 time hhmmss.ss UTC Time, current time

2 status char Status field: A = Valid data. V = Invalid data.

3 latitude ddmm.mmmmmmmm Latitude: degree + minutes with 8 decimal digits

4 N/S char North / South indicator

5 longitude dddmm.mmmmmmmm | Longitude: degree + minutes with 8 decimal digits

6 E/W char East / West indicator

7 speed fiff Speed over ground in Knots

8 course fff Course over Ground in degrees [0; 360]

9 date ddmmyy UTC day, manth, year

10 variation Ffff Magnetic variation value in degrees [0; 180]

1 E/W char Direction of magnetic variation (East / West)

12 mode char Position mode indicator (see definition in Quality indicators section)
13 navStatus char Navigational status indicator (see definition in Quality indicators section)
14 Check sum *cs Xor of all previous bytes except $

15 End of frame <CR><LF> Carriage return and line feed

o Note: The position mode and navigational status are computed using the INS position estimated standard
deviation. It is not related to the GNSS solution directly.
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3.2.7. VTG message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA VTG (08)

This NMEA frame contains the track and velocity over ground as computed by the Kalman filter. It also includes a
guality indicator as for the RMC message.

Message format

SGPVTG, , ;s s N¥*30<CR><LE>
$SGPVTG,256.31,T,256.44,M,45.401,N,84.084,K, N*2A<CR><LF>

Field Name Format Description

0 SHHVTE string Message ID - RMC frame

1 Course True ffff True course over ground in degrees [0; 360]

2 T char Course over ground is relative to true north

3 Course Magnetic | fffff Magnetic course over ground in degrees [0; 360]
4 M char Course over ground is relative to magnetic north
5 Speed Knots ff.fef Ground speed in knots

6 N char The speed is expressed in knots

7 Speed Km/h FfFef Ground speed in kilometers per hour

8 K char The speed is expressed in kilometers per hour

9 mode char Position mode indicator (see definition in Quality indicators section)
10 Check sum *cs Xor of all previous bytes except $

1l End of frame <CR><LF> Carriage return and line feed

0 Note: The position mode indicator is computed using the INS position estimated standard deviation. It is
not related to the GNSS solution directly.
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3.2.8. ZUA message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA ZDA (02)
This message contains UTC time and date information.

Message format

SGPZDA, , , , , , *48<CR><LF>
$GPZDA,201530.00,04,07,2002,00,00*60<CR><LF>

Field Name Format Description

0 SHHZDA string Message ID - ZDA frame

1 Time hhmmss.ss UTC Time, current time

2 Day dd Day of month [01- 31]

3 Manth mm Month of year [01 - 12]

4 Year yYYY Year (4 digits)

5 Ltzh 0 Local zone hours (not supported, fixed 00)

6 Ltzh 0 Local zone minutes (not supported, fixed 00)
7 Check sum *cs Xor of all previous bytes except $

8 End of frame <CR><LF> Carriage return and line feed

3.2.9 HOT Message
Name in sbgECom convention (Msg ID): SBG_ECOM_LOG_NMEA HDT (03)

The message output the INS Kalman filtered true heading value. The true heading is the direction that the vehicle
is pointing and is not necessarily the direction of travel (course over ground).

Message format

$GPHDT, , T*1B<CR><LF>

$GPHDT, 191.94, T*01<CR><LF>
Field Name Format Description
0 SHH#HDOT string Message ID - HDT frame
1 Heading fFfff True heading in degrees [0 - 360]
2 T char T means true heading
3 Check sum *cs Xor of all previous bytes except $
4 End of frame |<CR><LF> Carriage return and line feed
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3.2.70. C5T Message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA GST (04)

The message output detailed position error statistics of the Kalman filtered position solution. Please keep in mind
that the returned data reflects the estimated inertial position and not the GNSS quality fix directly.

Message format

SGPGST, , ;s s *ST<KCR><LF>
$GPGST,172814.00,,0.023,0.020,273.62,0.023,0.015,0.031*46<CR><LF>

Field Name Format Description

0 SHHGST string Message ID - GST frame

1 Time hhmmss.ss UTC Time, current time

2 psrResidual NULL RMS value of pseudorange residuals. Always NULL, not supported
3 sMajorAxisError | fff.fff Error ellipse semi-major axis 1sigma error, in meters

4 sMinorAxisError | fff.fff Error ellipse semi-minor axis 1sigma errar, in meters

5 errorEllipseAng | fffff Error ellipse orientation, degrees from true north [0 - 360]
6 latError FHEFFf Latitude 1 sigma error, in meters

7 longError FAEFFf Longitude 1sigma error, in meters

8 altError il Height 1sigma error, in meters

9 Check sum *cs Xor of all previous bytes except $

10 End of frame <CR><LF> Carriage return and line feed
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3.2.11. VBW Message
Name in sbgECom convention (Msg ID): SBG_ECOM_LOG_NMEA VBW (05)

The message outputs Ground and Water speed from the INS data fusion algorithm. The data are expressed in the
INS (body) frame.

This log can be filled correctly only if the INS receives valid bottom tracking and water tracking DVL data. Bottom
and water velocities are used by the Inertial Navigation System Kalman filter to estimate the water current and
thus compute the water speed in the vessel coordinate frame.

Message format

SGPVBW, , , ,, s, , *54<CR><LF>

$GPVBW, 0.312,0.910,A,0.410,0.950, A*55<CR><LF>
Field Name Format Description
0 SHHVBW string Message ID - VBW frame
1 longWaterSpeed frffff Longitudinal water speed, knots (positive forward)
2 transvWaterSpeed frffff Transverse water speed, knots (positive right)
3 waterSpeedValid char Status: Water speed, A = Data valid, V = Invalid
4 longGroundSpeed fff.fef Longitudinal ground speed, knots (positive forward)
5 transvGroundSpeed | fff.fff Transverse ground speed, knots (positive right)
6 groundSpeedValid char Status: Ground speed, A = Data valid, V = Invalid
7 Check sum *cs Xor of all previous bytes except $
10 End of frame <CR><LF> | Carriage return and line feed

3.2.12. DPT Message
Name in sbgECom convention (Msg ID): SBG_ECOM_LOG_NMEA DPT (07)

The message outputs the depth in meters as received by the device by an external pressure sensor. This value is
untouched by the device and is basically a copy of the receive data.

This log can be filled correctly only if valid pressure sensor data are feed to the INS.

Message format

SGPDPT, , , * 7B<CR><LF>

SGPDPT, 21.393,, *6F<CR><LE>
Field Name Format Description
0 SHHDPT string Message ID - DPT frame
1 Depth frffff Depth below surface in meters (positive down).
2 Offset frffff Offset from transducer. Not supported, always empty.
3 Range Scale frffff Maximum range scale in use. Not supported, always empty.
4 Check sum *cs Xor of all previous bytes except $
5 End of frame <CR><LF> | Carriage return and line feed
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3.2.13. ROT Message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA ROT (09)

The message outputs the INS rate of turn around the down axis. This is not the IMU gyroscope Z value but more
the true heading derivative.

This log can be filled correctly only if the INS has a valid roll, pitch and heading value.

Message format

SGPROT, , V*55<CR><LF>
SGPROT, 31.61, A*55<CR><LF>

Field Name Format Description

0 SHHROT string Message ID - ROT frame

1 Rate ffff Down rate of turn in degrees/minute positive clockwise or empty if invalid.
2 Status - ‘A’ if the rate of turnis valid or "V" if invalid.

3 Check sum *cs Xor of all previous bytes except $

4 End of frame <CR><LF> | Carriage return and line feed
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3.2.14. L5V Message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA GSV (10)

This standard NMEA message outputs the GNSS satellites in view. For each satellite, additional information such
as the elevation, azimuth and SNR is provided.

3.2.14.1. Multi constellations

The NMEA talker id is used to output satellite information for each constellation:

GPGSV: List all visible GPS and SBAS satellites with associated information
GLGSV: List all visible Glonass satellites with associated information
GAGSV: List all visible Galileo satellites with associated information
GBGSV: List all visible BeiDou satellites with associated information

GIGSV: List all visible NavIC satellites with associated information

GQGSV: List all visible QZSS satellites with associated information

0 Note: SBC Systems products don't output GNGSV messages to comply with NMEA standards.

3.2.14.2. Message re-assembly

GSV messages are sent using multiple NMEA frames to comply with the 80 chars limit. Each GSV message
contains a total number of messages as well as the current message number.

Using this information, it is easy to re-assemble the GSV message together and get all visible satellite for each
constellation.

Empty Message Example

The following message is sent by the INS when there is no GNSS reception.

$SGPGSV,1,1,00,,,,*79<CR><LEF>

Multi Constellation Example

The following example shows a typical GSV reporting when tracking multi-constellation satellites in a clean
environment. Each constellation contains multiple GSV messages sent sequentially.

In this example, we have the following satellites per constellation:

SGPGSV SGLGSV SGAGSV SGBGSV
13x GPS 6x SBAS 9x Glonass 9x Galielo 15x BeiDou

An empty line has been intentionally inserted between each constellation to ease readability. This empty line is
thus not output by the product.

$GPGSV,5,1,19,09,78,059,50,02,12,323,40,30,12,186,43,03,10,109,39*75<CR><LF>
$GPGSV, 5,2,19,20,26,297,41,04,39,060,44,07,38,162,47,11,46,297,47*76<CR><LF>
$GPGSV, 5,3,19,06,62,239,49,16,06,066,,26,08,041,,29,01,348, *7D<CR><LF>
$GPGSV,5,4,19,19,06,223,,49,34,176,45,61,21,130,38,38,31,204,44*74<CR><LF>
$GPGSV, 5,5,19,36,27,143,44,34,33,189,,39,10,112, 36*4C<CR><LF>

%
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$GLGSv, 3,1,10,67,64,030,51,77,30,105,37,84,18,336,36,66,18,070,45*68<CR><LF>
$GLGSv, 3,2,10,76,29,048,48,82,30,210,48,68,46,284,49,83,52,268,40*62<CR><LF>
$GLGSV, 3,3,10,69,01,265,,78,01,152, *63<CR><LF>

$GAGSV, 3,1,10,08,70,254,49,26,23,319,40,24,10,035,38,25,13,087, 38*6B<CR><LF>
$GAGSV, 3,2,10,15,33,183,44,07,17,247,41,03,54,063,46,13,59,258,48*6B<CR><LF>
$GAGSV, 3,3,10,05,03,066,,02,00,130, *6F<CR><LF>

$GBGSV,4,1,15,41,62,074,,23,19,149,43,24,15,038,41,05,13,117,37*62<CR><LF>
$GBGSV, 4,2,15,27,19,212,46,29,16,323,42,33,11,088,42,09,19,046, 38*61<CR><LF>
$GBGSV, 4,3,15,56,22,046,,25,36,097,48,30,33,267,48,32,57,285,50%6C<CR><LE>
$GBGSV, 4,4,15,31,04,087,,20,05,273,,06,03,043, *55<CR><LEF>

3.2.14.3. Message Definition
Field | Name Format Description
0 SHHGSV string Message ID - GSV frame
1 Total Msg Count | d Total number of messages to re-assemble for this constellation (1-9)
2 Msg Number d Current message being transmitted for this constellation (1-9)
3 Sats Count dd Total number of satellites in view for this constellation.
4 PRN/ID dd Satellite PRN numbers of ID depending of the constellation:
GPS PRN 1to 32
SBAS D 33 to 64 (add 87 to convert ID to PRN)
SBAS PRN  152t0158
Glonass 1D 65 to 96 (subtract 64 to convert ID to PRN)
Galileo PRN  1to36
BeiDou PRN  1to64
NavIC PRN 1to15
QZSS PRN  1to10
5 Elevation dd Satellite elevation in degrees [-90 to +30°]
6 Azimuth ddd Satellite azimuth in degrees [000 to +359°]
7 SNR dd Signal Noise Ratio (C/No) in dB [00 to 99dB] - Empty if satellite is not tracked
IFI{Iepetition of PRN, Elevation, Azimuth and SNR field for each satellite in this message
3 Check sum *cs Xor of all previous bytes except $
4 End of frame <CR><LF> | Carriage return and line feed

o Note: If 3 satellite is tracked but the SNR is unknown, a default SNR of 60 dB is reported.

v
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3.3. SBG_ECOM_CLASS_LOG_NMEA1

This message class contains all proprietary NMEA messages and other non standard messages that use the
NMEA formatting.

NMEA_1 logs contain Kalman filtered navigation, velocity and attitude data. External (GNSS) aiding data are not
used to generate these logs.

3.3.1. NMEA Logs Overview

Name (MSCG ID) Description

SBG_ECOM_LOG_NMEA_1_PSBGI (01) SBC Systems proprietary sentence. Rotation rates, accelerations.

'SBG_ECOM_LOG_NMEA PSBGA (1) SBG Systems proprietary sentence. EKF Attitude and status.
'SBC_ECOM_LOG_NMEA 1_PSBGB(04)  SBG Systems proprietary sentence. Attitude, heading, heave, angular rates, velocity
'SBG_ECOM_LOG_NMEA 1_PRDID(00)  RDIproprietary sentence. Pitch, Roll, Heaging
'SBC_ECOM_LOG_NMEA 1_PASHR (02)  Proprietary NMEA like message - Roll, Pitch, Heading, Heave
'SBG_ECOM_LOG_NMEA_1WASSP(12) ~ Proprietary NMEA like message for WASSP - Roll, Pitch, Heading, Heave
'SBC_ECOM_LOG_NMEA 1PHINF (05)  Ixblue NMEA like log used to output Status information
'SBG_ECOM_LOG_NMEA 1_PHTRO(06) ~ Ixblue NMEAlike log used to output attitude and shipmotion
'SBG_ECOM_LOG_NMEA 1 PHLIN(07)  Ixblue NMEA like logused to output Roll and Pitch
'SBC_ECOM_LOG_NMEA 1_PHOCT(08)  Ixblue NMEA like log used to output Surge, Sway and Heave
'SBC_ECOM_LOG_NMEA_LINDYN(03)  Ixblue NMEA like log used to output position, heading, attitude, rate and velocity
'SBG_ECOM_LOG_NMEA 1.GGK(1D) ~ Trimble NMEA like log with Time, Latitude, Longitude, Ellipsoidal height

RUA
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The table below details the NMEA logs availability according to a specific product family and product type. For
example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main column 'ELLIPSE'. Each

available message is indicated with the e symbol.

Name (Message ID)

ELLIPSE

High Performance INS

SBG_ECOM_LOG_NMEA_1_PSBCGI (01)

SBG_ECOM_LOG_NMEA_1_GCGK(10)

o

Note 2: If you have an EKINOX-M or APOGEE-M, please used the ‘A’ High Performance product type
have an EKINOX-U or APOGEE-U, please use the ‘E’ type.

. Ifyou
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3.3.3 PSBC# Definitions

Please find below some enums, status and definitions that are shared across all SBG Systems proprietary NMEA
protocol. SBG Systems proprietary NMEA protocols all starts with the SPSBG# identifier.

3.3.3.1. Smart Solution Type

This status reports the navigation filter operating mode as well as which input position or velocity type is being
used.

The status is also reports if the INS is aligned or not using either lower or upper case char:

e If the INS is not yet aligned a lower case status is used.
e |If the INS is aligned and deliver optimal accuracy the solution type uses an upper case char.

Value Name Description
a Uninitialized EKF filter is not yet initialized. All measurements are invalid.

b VerticalGyro  EKF filter only computes a valid roll and pitch information using the gravity reference.
¢ AMRS  EKFfiltercomputes a rol, pitch and heading information using either magnetometers or dual GNSS.
¢ Navinertial  FulINSsolution by ntegrating accelerations - inertialonly.
e NavVel.Const  Full INS solution by integrating accelerations with vehicle constraints applied.
© f  NavOdometer  Full NS solution by integrating accelerations and odometervelocity.
g NavZUPT  FullINS solution and Zero Velocity Updates limit position drift.
~ h o NavDVL  FullINSsolution by ntegrating accelerations and DVL velocity.
i NavGNSSVel  FullINS solution using the GNSS velocity but not the position.
©j NavUSBL  FulINSsolutionusing USBLposition.

r Nav PPP Fixed Full INS solution using GNSS PPP with fixed ambiguities position type.

0 Note: If the INS is not yet fully aligned, the solution type is reported using a lowercase char. If the INS is
aligned, the solution type is reported using uppercase.

RUA
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3.3.4. PSBLI Message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1_PSBGI (01)

This message is a SBG Systems proprietary NMEA log that provides accelerations and rotation rates in the sensor
frame. It also includes accurate UTC time stamping.

Message format

SPSBGI, 003944.74,-0.08,0.07,0.00,-0.02,0.06,-9.72, *42<CR><LF>

Field Name Format Description

0 SPSBGI string Message ID - SBG Systems proprietary NMEA identifier
1 timeUTC hhmmss.sss Current UTC time

2 gyroX FFEfff X Rotation rate from -999.999°/s to +999.999°/s
3 gyroY FF.FfF Y Rotation rate from -999.999°/s to +399.999°/s
4 gyroZ FFEfff Z Rotation rate from -999.999°/s to +999.999°/s
5 accelX FALFFf X acceleration in m/s2 from -999.999 to +999.999
6 accely FFf.FfF Y acceleration in m/s2 from -999.999 to +999.999
7 accelZ FALFFf Z acceleration in m/s2 from -999.999 to +999.999
8 Check sum *cs Xor of all previous bytes except $

9 End of frame |<CR><LF> Carriage return and line feed

0 Note: Outputs measurements from the Inertial Measurement Unit directly. The measurements are not
compensated for sensor bias, earth rotation rate and gravity.
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Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA PSBGA (13)

This NMEA proprietary log provides UTC time of day, heading, roll, pitch, with associated status and standard

deviations.

Message format

SPSBGA,155513.685,V,13.684,-63.139,269.130,0.024,0.006,0.196,p, Vv, v*74<CR><LF>

Field Name Format Description

0 SPSBGA string Message ID - SBG Systems proprietary NMEA identifier

1 timeUTC hhmmss.sss | Current UTC time

2 utcStatus char UTC time validity indicator: ' = Invalid
‘v' = Valid with known leap second
'd' = Unknown leap second
Status is uppercase if UTC is synchronized with a PPS signal.

3 roll FFEFFF Roll angle in decimal degrees, positive port side up [-180; 180°].

4 pitch FFEFF Pitch in decimal degrees, positive bow up [-90; 90°]. [-90; 90°]

5 heading FFEFFf True Heading angle, in decimal degrees [0; 360°]

6 rollStd FfFFf Roll standard deviation in decimal degrees [0; 180°]

7 pitchStd FFEFFF Pitch standard deviation in decimal degrees [0; 180°]

8 headingStd frf.fff True Heading standard deviation in decimal degrees [0; 180°]

9 solType char EKF smart solution type, please check Smart Solution Type

10 rollPitchStatus | char Roll and Pitch validity flag: ~ ‘i" = Invalid (Standard deviation above threshold)
‘v’ = Optimal accuracy

" headingStatus | char Heading validity flag: Yi" = Invalid (Standard deviation above threshold)
‘v’ = Optimal accuracy

12 Check sum *cs Xor of all previous bytes except $

13 End of frame <CR><LF> Carriage return and line feed
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3.3.6. PSBGE Message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1_PSBGB (04)

This NMEA proprietary log provides UTC time of day, heading, roll, pitch, heave, angular rates, and body velocities
as well as standard deviations and status.

Message format

SPSBGB,1,000344.000,0,3.529,-12.821,6.122,0.101,0.098,10.117,0,0,0.004,0.050,2,0.772,0.004,-0.017,1.043
,4.476,0.171,866.025,0, *53<CR><LF>

Field Name Format Description
0 SPSBGB string Message ID - SBC Systems proprietary NMEA identifier
1 1 char Version of this message -1
2 timeUTC hhmmss.sss | Current UTC time
3 utcStatus char UTC time validity indicator: ‘0" = Invalid
‘" = Valid and PPS synchronized
‘2" = Valid but no PPS synchronized
'3' = Unknown leap second and PPS synchronized
'4' = Unknown leap second and no PPS synchronized
4 roll FFEFFf Roll angle in decimal degrees, positive port side up [-180; 180°].
5 pitch FFfFFf Pitch in decimal degrees, positive bow up [-30; 30°]. [-30; 90°]
6 heading fHfEfff True Heading angle, in decimal degrees [0; 360°]
7 rollStd FFEFFF Roll standard deviation in decimal degrees [0; 180°]
8 pitchStd FFEFFF Pitch standard deviation in decimal degrees [0; 180°]
9 headingStd FHEfff True Heading standard deviation in decimal degrees [0; 180°]
10 rollPitchStatus | char Roll and Pitch validity flag: ‘0’ = Invalid (Standard deviation above threshold)
"= Optimal accuracy
‘2" = Degraded accuracy, alignment in progress
n headingStatus char Heading validity flag: 0’ = Invalid (Standard deviation above threshold)
1" = Optimal accuracy
2' = Degraded accuracy, alignment in progress
12 heave FEFff Heave, in meters, positive down.
13 heaveStd frfff Heave standard deviation in meters. - Fixed to 5cm
14 heaveStatus char Heave status flag: ‘0’ = Invalid or initializing
1" = Valid and velocity aided
'2' = Valid, standalone
15 rateX fHEfff Compensated body X angular rate in °/s, positive port side up.
16 rateY FHEfff Compensated body Y angular rate in °/s, positive bow up.
17 rateZ ff.fef Compensated body Z angular rate in °/s, positive clockwise.
18 velocityX fHfEfff Velocity in X body axis in m/s, positive forward.
19 velocityY FHEfff Velacity in Y body axis in m/s, positive starboard.
20 velocityZ fHEfff Velocity in Z body axis in m/s, positive down.
21 velocityStd FAfFef Norm of X, Y and Z velocity standard deviation in m/s.
22 velocityStatus | char Velacity validity flag: ‘0’ = Invalid (Standard deviation above threshold)
1" = Optimal accuracy
‘2" = Degraded accuracy, alignment in progress
23 Check sum *cs Xor of all previous bytes except $
24 End of frame <CR><LF> Carriage return and line feed
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3.3.7 PRDID Message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1 PRDID (00)

This Teledyne RDI proprietary message outputs the vessel pitch, roll and true heading angles in degrees. It uses an
NMEA style formatting.

Message format

$SPRDID,-012.39,+002.14,366.91*7A<CR><LF>

Field Name Format Description

0 SPRDID string Message ID - Teledyne RDI proprietary NMEA identifier
1 Pitch Fff.ff Signed vessel pitch in degrees, positive bow up.

2 Roll FHEff Signed vessel roll in degrees, positive port up.

3 Heading inii Vessel true heading in degrees [0 - 360]

4 Check sum *cs Xor of all previous bytes except $

5 End of frame |<CR><LF> Carriage return and line feed
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3.3.8. PASHR Message

Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1_PASHR (02)

This message is a NMEA proprietary log that provides roll, pitch, heading and heave outputs.

Message format

SPASHR,, ,T,,,,,,,0,1*21<CR><LF>
SPASHR, 123816.80,312.95,T,-000.83,-000.42,-000.01,0.234,0.224,0.298,1, 0*09<CR><LF>

Field Name Format Description
0 SPASHR string Message ID - Proprietary NMEA identifier
1 timeUTC hhmmess.ss Current UTC time - empty if invalid
2 heading fffff Heading angle, in decimal degrees [0 - 360] - empty if invalid
3 T char True Heading
4 roll fffff Roll in decimal degrees. From [-180 - 180°] - empty if invalid
5 pitch idi Pitch in decimal degrees. From [-90 - 90°] - empty if invalid
6 heave FHEff Heave, in meters, positive down - empty if invalid
7 rollStd FHEff Roll angle standard deviation in decimal degrees - empty if invalid
8 pitchStd FFEff Pitch angle standard deviation in decimal degrees - empty if invalid
9 headingStd Ffff Heading angle standard deviation in decimal degrees - empty if invalid
10 posStatus char Paosition Quality status
0 = No position
1= All non-RTK fixed integer positions
2 = RTK fixed integer position
1 imuStatus char IMU & Sensor Status
0 = IMU is working correctly
1=1IMU sensor error
12 Check sum *cs Xor of all previous bytes except $
13 End of frame |<CR><LF> Carriage return and line feed
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3.3.9 WASSP Message
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1_WASSP (12)

This message is a NMEA proprietary log that provides roll, pitch, heading and heave outputs. It shares the same
definition as PASHR but with slight differences such as heave sign being positive up.

Message format

SPASHR, , ,T,,,,,,,0,1*21\<CR><LF>
SPASHR, 002258.15,320.99,T,+032.46,-008.15,-012.239,0.454,0.095,1.070,1, 0*39<CR><LF>

Field Name Format Description
0 SPASHR string Message ID - Proprietary NMEA identifier
1 timeUTC hhmmess.ss Current UTC time - empty if invalid
2 heading fffff Heading angle, in decimal degrees [0 - 360] - empty if invalid
3 T char True Heading
4 roll fffff Roll in decimal degrees. From [-180 - 180°] - empty if invalid
5 pitch idii Pitch in decimal degrees. From [-90 - 90°] - empty if invalid
6 heave FHEfff Heave, in meters, positive up - empty if invalid
7 rollStd FHEff Roll angle standard deviation in decimal degrees - empty if invalid
8 pitchStd FHEff Pitch angle standard deviation in decimal degrees - empty if invalid
9 headingStd Ffff Heading angle standard deviation in decimal degrees - empty if invalid
10 posStatus char Paosition Quality status
0 = No position
1= All non-RTK fixed integer positions
2 = RTK fixed integer position
1 imuStatus char IMU & Sensor Status
0 = IMU is working correctly
1=1IMU sensor error
12 Check sum *cs Xor of all previous bytes except $
13 End of frame |<CR><LF> Carriage return and line feed
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3.3.70. Ixblue PHINF

Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1 PHINF (05)

This Ixblue proprietary message outputs the general system status. It uses an NMEA style formatting.

Message format
SPHINF, 08030027*7B<CR><LE>

Field Name Format Description
0 SPHINF string Message ID - Ixblue proprietary NMEA identifier
1 Status hhhhhhhh Hexadecimal value of the INS status
2 Check sum *cs Xor of all previous bytes except $
3 End of frame |<CR><LF> Carriage return and line feed

STATUS definition

The OCTANS Status is a 32 bits word which acts as a built-in test and control of system. Different OCTANS modes
as well as optical and electrical sub-parts status are monitored in real time through dedicated flags. Each flagis a
bit which is set to “1” when the flag is ON and set to “0” when the flag is OFF.

As these status are defined for a different product than an SBG Systems AHRS or INS, some status couldn't be
directly translated.

Bit Name Description

0 IXBLUE_STAT_HEADING_UNVALID Set when the provided heading is invalid or still converging

1 IXBLUESTAT.ROLLUNVALID  Setwhenthe provided rollis invalid or still converging
2 IXBLUESTAT PITCH.UNVALID  Setwhenthe provided pitch is invalid or still converging
3 IXBLUESTAT HEAVEINT ~ Setwhenthe heave filter is in initialization phase (not fully accurate)
4 Reseved  Reseednotused
5 IXBLUESTATALIGNMENT ~ Setduringalignment phase (not fully accurate)
6 IXBLUESTAT.CONFIG.SAVED  Notimplemented
7 IXBLUE_STAT_COMPUTATION_OVERLOAD  Setwhenthe CPUisoverloaded
'8 IXBLUE STAT FOG XIANOMALY ~ Setwhenthe gyroscope X built in test has failed
9 IXBLUE_STAT_FOG_X2 ANOMALY  Setwhenthegyroscope V built in test has failed
10 IXBLUE_STAT FOG_ X3 ANOMALY ~ Setwhenthegyroscope Z built in test has failed
N IXBLUE_STAT FOGACQ_ERROR  Setwhenatleastone gyroscopeis outofrange
12 IXBLUESTATACCXLANOMALY — Setwhenthe accelerometer X built in test has failed
13 IXBLUESTATACC X2 ANOMALY  Setwhen the accelerometer Y built in test has failed
14 IXBLUE_STATACCX3_ANOMALY ~ SetwhentheaccelerometerZ builtin test has failed
15 IXBLUESTAT SENSOR ERROR  Setwhenatleastonesensorisfalingorisoutofrange
16 IXBLUE STAT SERIALIN.A ERROR  Setwhenerrorare detected on the serialport Ao~
17 IXBLUESTAT SERIALIN.B.ERROR  Setwhenerorare detectedon theseralportBrx
18 IXBLUESTAT SERIALIN.CERROR  Setwhenerorare detectedontheseralportCrx
19 IXBLUE_STAT OUTPUT_OVERLOADED  Setwhenatleastone serial outputis overloaded
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Bit Name Description

20 IXBLUE_STAT_SERIAL_OUT_A_FULL Set when the serial output A is overloaded

21 IXBLUESTAT SERIAL OUTBFULL  Setwhentheserial output Bis overloaded
22 IXBLUESTAT SERIALOUT_CFULL  Setwhentheserial output Cisoverloaded
23 IXBLUE_STAT SERIALOUT D.FULL  Notimplemented
24 IXBLUE STAT MANUAL LOG USED  Notimplemented
25 IXBLUE STAT MANUAL LAT USED  Notimplemented
27 IXBLUESTATHRPINVALID  Setifatleastone roll pitch and heading comporent is invalid
31 IXBLUE_STAT RESTART SYSTEM  Notimplemented

3.3.77. Ixblue PHTRO
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA_1_PHTRO (06)

This Ixblue proprietary message outputs the unit pitch and roll angles. It uses an NMEA style formatting.

Message format

$PHTRO, 0.03,P,0.22, T*56<CR><LF>
Field Name Format Description
0 SPHTRO string Message ID - Ixblue proprietary NMEA identifier
1 Pitch X.XX Pitch angle in degrees
3 Pitch sign a ‘M' for bow up and 'P' for bow down
4 Roll AV, Roll angle in degrees
5 Roll sign b 'B' for port down and 'T" for port up
6 Check sum *cs Xor of all previous bytes except
7 End of frame |<CR><LF> Carriage return and line feed

A
v

131/178 o SBG sysTEMS



Inertial Sensor Interface - Firmware Reference Manual SBGFWM.2 4

3.3.72. Ixblue PHLIN
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1_PHLIN (07)
This Ixblue proprietary message outputs surge, sway and heave. It uses an NMEA style formatting.

Message format

SPHTRO,0.03,P,0.22, T*56<CR><LF>

Field Name Format Description

0 SPHLIN string Message ID - Ixblue proprietary NMEA identifier
1 Surge X XXX Signed surge in meters (positive forward)

3 Sway VYYY Signed sway in meters (positive left)

4 Heave 2.227 Signed heave in meters (positive up)

5 Check sum *cs Xor of all previous bytes except

6 End of frame |<CR><LF> Carriage return and line feed

o Warning: Ixblue uses different conventions for ship motion measurements. In this frame, both sway and
heave values are reversed compared to SBG Systems conventions.
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3.3.73. Ixblue PHOCT
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1 PHOCT (08)

This Ixblue proprietary message outputs time, attitude, heading and ship motion data. It uses an NMEA style
formatting.

Message format

$PHOCT, 01,000201.000,E,00,356.592,E,+000.225,E,+00.039,E,+00.023,T,+00.023,+00.016,+00.003,+00.002, -
00.001,+00.000,+0001.96*04<CR><LF>

Field |Name Format Description

0 SPHOCT string Message ID - Ixblue proprietary NMEA identifier

1 01 string Pratocol version identifier

2 Time hhmmss.ss UTC Time, current time

3 UTC Status G UTC Time status: 'T'=Valid 'E'=Invalid

4 Latency AA INS latency for heading, roll, pitch (Not implemented, always set to 0)

5 True Heading HHH.HHH True heading in degree (from 000.000 to 359.999)

6 Heading Status N True Heading status: 'T'=Valid; 'E'=Invalid; 'I'=Initializing

7 Roll Angle RRR.RRR Roll in degree (positive if port side up); from -180.000 to +180.000

8 Roll Status L Roll status: 'T'=Valid 'E'=Invalid 'I'=Initializing

9 Pitch Angle PP.PPP Pitch degree (positive if bow down), from -90.000 to +90.000

10 Pitch Status K Pitch status: 'T'=Valid 'E'=Invalid 'I'=Initializing

1l Primary Heave FF.FFF Heave at Primary Lever arm in meters (positive up), from -99.999 to +39.999

12 Heave Status M Heave status (also used for surge, sway & speed) : T=Valid E=Invalid I=Initializing
13 Heave HH.HHH Heave at desired lever arm in meters (positive up), from -99.999 to +99.999

14 Surge 55.55S Surge with Lever arms applied in meters (positive forward), from -99.999 to +39.999
15 Sway WWWWW Sway at desired lever arm in meters (Positive left) from -99.999 to +99.999

16 Heave Speed 272.777 Heave speedat desired lever arm in m/s (Positive up) from -99.999 to +99.999
17 Surge Speed YYYYY Surge speed at desired lever arm in m/s positive forward, from -99.999 to +99.999
18 Sway Speed XX XXX Sway speed at desired lever arm in m/s (Positive left), from -99.999 to +39.999
19 Heading Rate 0000.00 Heading rate of turn in °/min (Positive clockwise) from -9999.99 to +9999.99

20 Check sum *cs Xor of all previous bytes except

21 End of frame <CR><LF> Carriage return and line feed

o Warning: Ixblue uses different conventions for ship motion measurements. In this frame, both sway and
heave values are reversed compared to SBG Systems conventions.
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3.3.74. Ixblue INDYN
Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1 INDYN (09)

This Ixblue proprietary message outputs position, heading, attitude, attitude rate and speed data. It uses an
NMEA style formatting.

Message format

$INDYN, 48.87949927,1.99962275,0.000,218.714,-0.909,0.291,-0.011,-0.073,-0.024,0.019*6A<CR><LF>

Field |Name Format Description

0 SINDYN string Message ID - Ixblue proprietary NMEA identifier

1 Latitude X XXXXXXXX INS latitude in degrees with 8 decimals

2 Longitude VYYYYYYYY INS longitude in degrees with 8 decimals

3 Altitude z.227 INS altitude above Mean Sea Level in meters positive upward

4 True Heading h.hhh True heading in degrees (from 0.000 to 359.999)

5 Roll angle r.rrr Roll angle in degrees positive for port side up (from -180.000 to +180.000)
6 Pitch angle p.ppp Pitch angle in degrees positive when bow down (from -90.000 to +90.000)
7 Heading rate 3.aaa Heading rate in °/s (positive when heading increases)

8 Roll rate b.bbb Roll rate in °/s (positive when roll increases)

9 Pitch rate c.ccc Pitch rate in °/s (positive when pitch increases)

10 Ground speed 5.555 Horizon speed in m/s (positive toward the bow)

20 Check sum *cs Xor of all previous bytes except

21 End of frame <CR><LF> Carriage return and line feed

0 Note: The roll, pitch and heading rates are not the same as the gyroscopes values. Gyroscopes values are
indeed expressed in body frame (X\Y,Z) and are not unbiased.

o Warning: In this message, Ixblue uses a different convention for orientation. The pitch angle is reversed
compared to SBG Systems conventions.
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3.3.75. Trimble GGK

Name in sbgECom convention (msg ID): SBG_ECOM_LOG_NMEA 1 GGK (10)

This Trimble proprietary message outputs time, position, and GNSS related quality indicators. It uses an NMEA

style formatting.

Message format

$PTNL,GGK,,,,,,,0,00,,,M*30<CR><LF>

$PTNL,GGK,161159.00,013020,4854.61758182,N,00210.08881241,E,1,07,8.3,EHT140.509,M*75<CR><LF>

Field | Name Format Description

0 SPTNL string Talker ID - Trimble proprietary NMEA identifier, always PTNL

1 GGK string Message ID - Trimble proprietary NMEA identifier, always GGK

2 Time hhmmss.ss UTC time of solution, hours must be two chars

3 Date mmddyy UTC date of solution, month must be two chars

4 Latitude ddmm.mmmmmmmm INS latitude in degrees from 0 to 90 and decimal minutes (8 decimal digits)

5 N/S a ‘N’ for Northern hemisphere latitude, ‘S’ for Southern hemisphere latitude

6 Longitude dddmm.mmmmmmmm | INS longitude in degrees from 0 to 180 and decimal minutes (8 decimal digits)
7 E/W a ‘E' for Eastern longitude, ‘W’ for Western longitude

8 Pos. Quality X Position guality indicator using INS standard deviation (see Quality indicators)
9 SV used XX Number of satellites used in solution 2 digits (latest received GNSS fix)

10 HDOP 7.2 Horizontal Dilution of Precision (1 decimal digit) (see Quality indicators)

1l Height EHTX.xxx Height above ellipsoid with 3 decimal digits and must start with EHT

12 Height Unit M Always M: Height above ellipsoid measured in meters

13 Check sum *cs Xor of all previous bytes except

14 End of frame | <CR><LF> Carriage return and line feed

o Note: The position quality and DOP are computed using the INS position estimated standard deviation. It
is not related to the GNSS solution directly.
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4. Third Party Logs description

In order to allow straightforward integration with third party hardware and software, SBG Systems inertial
navigation systems handle several third party logs such as TSS1, Simrad or even Ixblue protocals.

4. SBG_ECOM_CLASS_LOG_THIRD_PARTY_O
This class contains Third party output logs.

4.1.1. Third Party Logs Overview

Name (MSG ID) Description

SBGC_ECOM_THIRD_PARTY_TSS1(00) Latitude, Longitude, Altitude, Quality indicator
'SBG_ECOM_THIRD_PARTY.KVH(0)  KVHRoll Pitch and heading output
'SBG_ECOM THIRD_PARTY.PDO(02) Teledyne RDI PDO message
'SBG_ECOM_THIRD_PARTY_SIMRAD_1000 (03)  Konsberg EM1000 proprietary frame that outputs Roll, Pitch and Heading
'SBG_ECOM_THIRD_PARTY_SIMRAD_3000 (04)  Konsberg EM3000 proprietary frame that outputs Roll, Pitch and Heading
'SBG_ECOM THIRD PARTY SEAPATH B26 (05)  Konsberg Seapth Binary Log 26 used for MBES FM mode
'SBG_ECOM_THIRD_PARTY_DOLOG_HRP (05) ~ DOLOG Heading, Roll Pitch and HRP rates
'SBG_ECOM_THIRD_PARTY_AHRS 500(07)  Crossbow AHRS-500 attitude, rate, acceleration and status
'SBG_ECOM_THIRD_PARTY_ADA 01(08)  ADAspecific Data Packet with IMU/INS/Status data
'SBG_ECOM THIRD_PARTY_AT ITINS (03)  Cobham AVIATOR UAV 200 AT command
'SBG_ECOM_THIRD_PARTY_KONGSBERG_MB(10) Kongsberg multi-beam binary aidinglog
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4.1.2. Third Party Logs Availability

SBGFWM.2 4

The table below details the Third Party logs availability according to a specific product family and product type. For
example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main column 'ELLIPSE'. Each

available message is indicated with the e symbol.

ELLIPSE

High Performance INS

Name (Message ID)

A E N D

SBG_ECOM_THIRD_PARTY_TSS1(00)

SBG_ECOM_THIRD_PARTY_KONGSBERG_MB (10)

0 Note: If you have an EKINOX-M or APOGEE-M, please used the ‘A’ High Performance product type. If you
have an EKINOX-U or APOGEE-U, please use the ‘E’ type.
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4.13 7557
Name in sbgECom convention (Msg ID): SBG_ECOM_THIRD PARTY_ TSS1 (00)

Proprietary log used for marine survey applications that provides heave, roll, pitch, as well as sway and heave
accelerations.

This log is affected by the heave measurement point configured for each output interface. You can thus output a
TSS1 frame for the main heave measurement point on the Port A and an other TSS1 frame on the Port B that
measures the heave at the second monitoring point.

o Warning: The TSS1 frame uses different conventions for Heave measurements. In this frame, Sway is
when expressed positive left and heave is positive up.

Frame format

: XXAAAASMHHHHOMRRRRSMPPPP<CR><LE>

Field Description
Start character
XX Sway acceleration (hex value), in 3.835 cm/s2, with a range from zero to 9.81 m/s?
AAAA Vertical acceleration (hex value - 2's complement), in 0.0625 cm/s2, with a range of -20.48 to +20.48 m/s2
S Space character
M Space if positive; minus if negative
HHHH Heave measurement (ASCIl value), in centimeters, with a range of -99.99 to +99.99 meters
0 Status flag character (see table below)
M Space if positive; minus if negative
RRRR Roll, in units of 0.01 degrees (ex: 1000 = 10°), with a range of -99.99° to +99.99°
S Space character
M Space if positive; minus if negative
PPPP Pitch, in units of 0.01 degrees (ex: 1000 = 10°), with a range of -99.99° to +99.99°
<CR><LF> Carriage return, Line feed
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7557 status flags

This flag is used to output status on algorithms used to compute the heave data. The Inertial System can use
heading and velocity aiding data to improve the heave quality dramatically during ship maneuvers.

Value Description

U Unaided mode and stable measurements.

W Unaidedmode but unstable heave data.
G \Velocityaided mode and stable measurements.
e \Velocityaided mode but unstable data.
W Headingaided mode and stable measurements.
h Headingeided mode butunstable data.
F Bothvelocity and heading aided mode and stable measurements.
f  Bothvelocity and heading aided mode but unstable measurements.

Frame example

:1A4770 -0016H 0429 -0680<CR><LFE>

You can find below the explanation of each field:

e XX =1A, Sway acceleration, which is 0.9971 m.s"-2
(Ox71A (hex) = 26 (decimal), multiplied by 0.03835 m.s"-2 yields to 0.9971m.s"-2)
e AAAA = 4770, Heave acceleration, which is 11.43 m.s"-2
(0x4770 (hex) = 18288 (decimal), multiplied by 0.000625 m.s"-2 yields to 11.43 m.s"-2)
S = (space)
M = (minus), meaning following heave value is negative
HHHH = 0016, Heave value, which is 16 cm (-16 cm based on the M value)
Q =H, status flag, which is stable heading aided mode
M = (space), meaning following roll value is positive
RRRR = 0429, roll, which is 4.29°
S = (space)
M = (minus), meaning following pitch value is negative
PPPP = 0680, pitch, which is 6.80°

%
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4.14. KVH
Name in sbgECom convention (msg ID): SBG_ECOM_THIRD PARTY KVH (01)

This format is very basic and provides pitch, roll, heading, and heading rate.

%pitch,roll,heading, headingrate<CR><LFE>

Field Name Format Description
0 % string Sentence Identifier
1 pitch ddd Pitch angle in tenths of degrees. Divide by 10 to get pitchin °.

Positive when bow up

2 roll ddd Roll angle in tenths of degrees. Divide by 10 to get roll in °.
Positive when port side down - Warning; Opposite sign of usual SBG
Systems convention.

7 heading ddd Heading in tenths of degrees. From O to 3600.
8 End of frame <CR><LF> End of frame : carriage return and line feed.
Example frame

%10, -5, 3489<CR><LF>

4.1.5. Teledyne RO/ - PDO
Name in sbgECom convention (msg ID): SBG_ECOM THIRD PARTY PDO (02)

The PDO binary frame is a Teledyne RDI proprietary log that output DVL data such as bottom tracking, water
tracking and water profiling data. The INS can output this log only if valid PDO frames are sent by a DVL to the
INS. The PDO frame is not altered or completed by the INS and is just forwarded as it is.

This frame is very useful to store into the internal datalogger or output in real time water profiling data that can
be parsed with a third party software. Please refer to the Teledyne RDI documentations for a detailed PDO frame
definition.
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4.1.6. Simrad EM1000 & Simrad EM3000

Name in sbgECom convention (msg ID): SBG_ECOM _THIRD PARTY SIMRAD 1000 (03),
SBG_ECOM THIRD PARTY SIMRAD 3000 (04)

Proprietary binary log from Kongsberg used to input attitude and heave data to an echo sounder. The Simrad
attitude log provides roll, pitch, heading as well as heave measurements.

This log is affected by the heave measurement point configured for each output interface. You can thus output a
Simrad 1000/3000 frame for the main heave measurement point on the Port A and an other Simrad 1000/3000
frame on the Port B that measures the heave at the second monitoring point.

This binary log is 10 bytes long and all fields are stored in Little Endian (LSB first). Signed data uses the 2's
complement representation. A resolution of 0.01° is used for roll, pitch and heading angles and 1 cm for heave
measurements.

The only difference between Simrad 1000 and 3000 frames is the first byte that is used as a synchronization byte
for Simrad 1000 and as a status flag for Simrad 3000.

o Warning: The Simrad 1000/3000 frame uses different conventions for heave measurements. In this
frame, heave is positive up.

Frame format
Field Description Unit Format Size Offset
Sync Byte 1/ Status Sync Byte 1 = 0x00 or Status flag for EM3000 - uint8 1 0
Sync Byte 2 Sync Byte 2 = 0x90 - uint8 1 1
Roll Roll is positive with port side up +179.99° 0.01° int16 2 2
Pitch Pitch is positive with bow up +89.99° 0.01° int16 2 4
Heave Heave measurement positive up £99.99 meters tm int16 2 6
Heading Heading is positive clockwise [0 to 359.99°] 0.01° int16 2 8
Total size |10

Simrad 3000 status flags

This flag is used to output status on algarithms used to compute the orientation and heave data. This flag is only
available for the Simrad 3000 protocol. For Simrad 1000 outputs, the first byte is used as a synchronization byte
and is always set to 0x00.

Value Description
0x30 Valid measurements with full accuracy.
0x91 Valid measurements with reduced accuracy (unaided mode).
0xSA Invalid measurements, the device is aligning and/or the heave filter is not settled.
0xAQ Report an error with the motion sensor.
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4.1.7. Konsberg Seapth Binary Log 26

Name in sbgECom convention (msg ID): SBG_ECOM_THIRD PARTY_ SEAPATH B26 (05)

SBGFWM.2 4

Proprietary binary log from Kongsberg Seapth that provides INS position, velocity, attitude, heave and rotation
rates. It is used mainly with Konsberg MBES to support the FM mode.

This binary log is 52 bytes long and all fields are stored in Big Endian (MSB first). Signed data uses the 2's
complement representation.

Frarme format
Field Description Unit Format | Size | Offset
Header 1 First header value, always OxAA - uint8 1 0
Header 2 Second header value, always 0x55 - uint8 1 1
Time, Seconds UTC Time in seconds that dates INS data Second int32 4 2
Time, Fraction of Sec. UTC Time fraction of second that dates INS data 0.0001 second uint16 2 6
Latitude INS latitude, positive North of the Equator. 2°° =90 degrees | int32 4 8
Longitude INS longitude, positive East of Greenwich. 2°° =90 degrees | int32 4 12
Height INS altitude above ellipsoid. Centimeters int32 4 16
Real time heave Heave positive down. Centimeters int16 2 20
North velocity INS North velocity, positive North cm/s int16 2 22
East velocity INS East velocity, positive East cm/s int16 2 24
Down velocity INS Down velocity, positive Down cm/s int16 2 26
Roll Vessel roll angle, positive with port side up 2" =90 degrees int16 2 28
Pitch Vessel pitch angle, positive with bow up 2" =90 degrees int16 2 30
Heading Vessel true heading, positive clockwise [0 to 359.99°] 2" =90 degrees | uint16 2 32
Vessel X rate Vessel body X rotation rate, positive with port side up 2"=90°/s int16 2 34
Vessel Y rate Vessel body Y rotation rate, positive with bow up 2"=90°/s int16 2 36
Vessel Z rate Vessel bady Z rotation rate, positive clockwise 2"=90°/s int16 2 38
Delayed Heave Time, UTC Time in seconds that dates the delayed heave Second int32 4 40
Seconds information
Delayed Heave Time, UTC Time fraction of the second that dates the delayed 0.0001 second uint16 2 44
Fraction of Sec. heave information
Delayed Heave Delayed heave, positive down Centimeters int16 2 46
Status Word Device status bitmask - uint16 2 48
Checksum - uint16 2 50
Total size 52
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Time Format

The UTC time is divided in an integer seconds part and a fractional second part. The integer seconds part of time is
an UNIX time counted from 1970-01-01 UTC.

Checksum

Checksum is calculated as a 16-bit Block Cycle Redundancy Check of all bytes but not including the header and
checksum. The CRC algorithm is using the polynom 0x8408 with an initial value of OxFFFF.

Seapth Binary 26 Status Word

The Status Word consists of 16 single bit flags numbered from 0 to 15, where 0 position is the least significant bit.
If the bit is set (1 value), it means:

Bit Position

Description

0

Reduced horizontal position and velocity performance. Data is valid but INS is not aligned.

Invalid horizontal position and velocity data. As defined by user quality threshalds.

Reduced heave and vertical velocity performance. The heave is valid but not aided by INS.

Invalid heave and vertical velocity data. The heave filter is not converged yet or has diverged.

Reduced roll and pitch performance. Data is valid but the INS is not aligned.

Invalid roll and pitch data. As defined by user quality thresholds.

Reduced heading performance. Heading is valid but the INS is not aligned.

Invalid heading data. As defined by user quality thresholds.

0| Nl |luv D Ww N

Invalid delayed heave data. The delayed heave filter has not converged yet.

= Note: The user can define validity threshold for each measurement using the command
SBG_ECOM_CMD_VALIDITY_THRESHOLDS (38).
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4.1.8. DOLOG HRP message
Name in sbgECom convention (msg ID): SBG_ECOM _THIRD PARTY DOLOG_HRP (06)
Proprietary binary message providing Euler angles (roll, pitch, heading) and vehicle/body rotation rates.

This binary log is 16 bytes long and all fields are stored in Big Endian (MSB first). Signed data uses the 2's
complement representation.

Frarme format
Field Description Unit Format | Size | Offset

Header Start of sentence - always 0x02 - uint8 1 0
Status Status bitmask, please refer to table below for details - uint8 1 1
Heading Heading angle [0° to 359.99°] 2°=180° | uintl6 | 2 2
Roll Roll angle. positive when port side up [-30 to 89.99°] 2°=90° int16 2 4
Pitch Pitch angle. Positive when bow up [-30 to 89.99°] 2¥=90° int16 2 6
Z Rate Rate about the body/vehicle Z axis, positive clockwize [-45 to +44.99°/5] 2 =45°/s int16 2 8
X Rate Rate about the body/vehicle X axis, positive clockwize [-45 to +44.99°/5] 2®=45°/s | intl6 2 10
Y Rate Rate about the body/vehicle Y axis, positive clockwize [-45 to +44.99°/s] 2°=45°/s | intl6 2 12
Checksum Negative sum of all the bytes before checksum, ignoring overflow - uint8 1 14
Footer End of frame byte - always 0x03 - uint8 1 15

Total size 16

Status bitmask definition

The Status Word consists of an 8 bit integer with various single bit flags numbered from 0 to 7, where 0 position is
the least significant bit. If the bit is set (1 value), it means:

Bit Pasition Description
0 Set if the Heading, Pitch & Roll measurements are valid (based on user defined thresholds).
1 Not Used
2 Not Used
3 Not Used
4 Set if the device is aligned and ready to deliver full accuracy data
5 Set if an error has been detected on the IMU (accelerometers or gyroscopes)
6 Not Used
7 Not Used
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4.1.9. Crossbow AHRS-500 Data Packet
Name in sbgECom convention (Msg ID): SBG_ECOM_THIRD PARTY AHRS 500 (07)

This proprietary binary message provides a compatibility with Crossbow AHRS-500 series. This data packet
outputs the AHRS attitude (roll, pitch, yaw), the rotation rates, the accelerations as well as device status.

All values are stored in Big Endian (MSB first then LSB) and encoded on 16 bits signed integer in 2's complement
representation. The status indications have to be converted to comply with SBG Systems AHRS/INS technology so
please take care to test behavior differences.

Each data packet begins with a two-bytes header (OxAA 0x55) and a two-bytes checksum is used to ensure data
integrity.

The checksum is computed using the following guidelines:

e Sum all packet contents except the header and checksum bytes
e Mod the sum by OxFFFF to get the checksum

Frame format
Field Description Resolution | Unit | Format | Size | Offset

Header #1 First header char, always - OXAA - - uint8 1 0
Header #2 Second header char, always - 0x55 - - uint8 1 1
Roll Roll angle [-180 to 180°] 180/2" ° int16 2 2
Pitch Pitch angle [-90 to 90°] 180/2" ° int16 2 4
Heading Heading angle [-180 to 180°] 180/2" ° int16 2 6
Rate X X body rotation rate [-1200 to +1200°/s] 1200/2" | °/s | intl6 2 8
Rate Y Y body rotation rate [-1200 to +1200°/s]. 1200/2" | °/s int16 2 10
Rate Z Z body rotation rate [-1200 to +1200°/s] 1200/2" | °/s | intl6 2 12
Accel X X body acceleration [-15 to +15g] - With 1g = 9.80 m.s"-2 15/2" G int16 2 14
Accel Y Y body acceleration [-15 to +15g] - With 1g = 9.80 m.s"-2 15/2" G int16 2 16
Accel Z Z body acceleration [-15 to +15g] - With 1g = 9.80 m.s"-2 15/2" G int16 2 18
Model # Model number, always set to 226 - - uint16 2 20
Status BIT Device status, please refer to Table 50: Status BIT mask definition - - uint16 2 22
Checksum Sum all bytes except headers (OxAA, 0x55) and mod by OxFFFF - - uint16 2 24

Total size 26

0 Note: SBG Systems products and AHRS-500 are using the same North East Down frame definition. Euler
angles, rotation rates and accelerations are using the same conventions as sbgECom logs.
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Status BIT definitions

Several status BIT are returned to monitor the health of the product. A bit set to 1 means there is an error or a

performance degradation. A bit set to 0 is used to report normal / optimal operations.

Please keep in mind that Crossbow AHRS-500 status can't be directly transposed to SBG Systems products due to
architecture differences. As a result, in this table, we also describe the expected behavior and conversions done

between SBG Systems status and Crossbow ones.

SBGFWM.2 4

Bit Name Description
0 | Hard Failure 0: The unit is working correctly
1. A fatal error has been detected and the unit data shouldn’t be used
1 | Soft Failure Not implemented, always set to 0
2 |Reserved Reserved, always set to O
3 | Power Failure Not implemented, always set to 0
4 | Comm Error 0: Port A serial communication is correctly working with no saturation

1: Port A serial communication has errors or is saturated

5 | Reboot Detect Not implemented, always set to O
6 | Calibration Failure | 0: Sensor calibration table is valid and thus sensor data is valid
1. Sensor calibration table is corrupted and sensor data is invalid
7 | External Aiding 0: Receiving and using external air data to aid the AHRS/INS solution
1: External air data not present or not used in the AHRS/INS solution
8 | Coordinated Turn Not implemented, always set to 0
9 |Reserved Reserved, always set to O
10 | Algorithm Status | 0: Roll and Pitch are valid and device alignment is done
1: Solution not ready, alignment in progress or roll/pitch is invalid
11 | Mag Align Status 0: Heading is valid and aligned
1: Heading is not valid such as free drifting or not aligned yet
12 | Reserved Reserved, always set to 0
13 | Mag Calibration 0: Magnetometers are valid and used in the AHRS/INS solution
1: Magnetometers are not used in AHRS/INS solution and probably not well calibrated
14 | Reserved Reserved, always set to 0
15 | Remote Mag Not implemented, always set to 0

Table 50: Status BIT mask definition
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4.1.70. ADA Data Packet

Name in sbgECom convention (Msg ID): SBG_ECOM_THIRD PARTY ADA 01 (08)

SBGFWM.2 4

This proprietary binary message provides all INS, IMU and status data in one single compact frame. This message
uses only integers representations with specific scaling making processing time efficient for low end processing

platforms.

All values are stored in Big Endian (MSB first then LSB) and encoded on 16/32 bits signed integer in 2's
complement representation or unsigned integers.

The status indications are exactly the same as the ones defined in sbgECom log messages. The exact same

behavior is thus expected between standard sbgECom logs and this log.

Each data packet begins with a two-bytes header (OxAA 0x5A) and a two-bytes checksum is used to ensure data

integrity.

The checksum is computed using the following guidelines:

e Sum all packet contents except the header and checksum bytes

e Mod the sum by OxFFFF to get the checksum

Frame format
Field Description Resolution | Unit | Format | Size | Offset

Header #1 First header char, always - OXAA - - uint8 1 0
Header #2 Secand header char, always - OX5A - - uint8 1 1

Roll INS Roll angle [-180 to 180°] 180/2" ° int16 2 2

Pitch INS Pitch angle [-90 to 90°] 180/2" ° int16 2 4
Heading INS Heading angle [-180 to 180°] 180/2" ° int16 2 6
Rate X X body rotation rate [-1200 to +1200°/s] 1200/2" °/s | int16 2 8
Rate Y Y body rotation rate [-1200 to +1200°/s]. 1200/2" °/s | int16 2 10
Rate Z Z body rotation rate [-1200 to +1200°/s] 1200/2" °/s int16 2 12
Accel X X body acceleration [-15 to +15g] - With 1g = 9.80 m.s"-2 15/2° G int16 2 14
Accel Y VY body acceleration [-15 to +15g] - With 1g = 9.80 m.s"-2 15/2® G int16 2 16
Accel Z Z body acceleration [-15 to +15g] - With 1g = 9.80 m.s"-2 15/2° G int16 2 18
Temperature Internal INS temperature [-50 to +100°] 100/2" °C int16 2 20
Velocity N INS North Velocity [-1500 to +1500°/s] 1500/2® | m/s | int32 4 22
Velocity E INS East Velocity [-1500 to +1500°/s] 1500/2"" | m/s | int32 4 26
Velocity D INS Down Velocity [-1500 to +1500°/s] 1500/2®" | m/s | int32 4 30
Latitude INS Latitude positive North [-30 to +30°] 180/2” ° int32 4 34
Longitude INS Longitude positive East [-180 to +180°] 180/2% ° int32 4 38
Altitude INS Altitude above MSL positive upward [-100000 to +100000 m] 100000/2" | m int32 4 42
Roll Std INS Roll accuracy 1o standard deviation [0 to +180°] 180/2" ° uintl6 | 2 46
Pitch Std INS Pitch accuracy 1o standard deviation [0 to +180°] 180/2" ° uint16 2 48
Heading Std INS Heading accuracy 1o standard deviation [0 to +180°] 180/2" ° uint1e | 2 50
Velocity N Std. INS North Velocity accuracy 1o standard deviation [0 to +200 m/s] 100/2" m/s | uint16 2 52
Velocity E Std. INS East Velocity accuracy 1o standard deviation [0 to +200 m/s] 100/2" m/s | uintle | 2 54
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Field Description Resolution | Unit | Format | Size | Offset

Velocity D Std. | INS Down Velocity accuracy 1o standard deviation [0 to +200 m/s] 100/2" m/s | uintle | 2 56
Latitude Std. INS Latitude accuracy 1o standard deviation [0 to +3276 m] 0.05 uint16 2 58
Longitude Std. | INS Longitude accuracy 1o standard deviation [0 to +3276 m] 0.05 uint16 2 60
Altitude Std. INS Altitude accuracy 1o standard deviation [0 to +3276 m] 0.05 uint16 2 62
Time stamp Free running time since INS powered up - ps | uint32 4 64
General Status | See GENERAL_STATUS definition - - uint1e 2 68
Com Status See COM_STATUS definition - - uint32 | 4 70
Aiding Status See AIDING_STATUS definition - - uint32 4 74
Up Time INS system up time since power on in seconds - S uint32 4 78
IMU Status See IMU_STATUS definition - - uint16 2 82
Solution Status | See SOLUTION_STATUS definition - - uint32 4 84
Mag X X body magnetic field in Arbitrary Unit (AU) 1/2"° AU | int16 2 88
Mag VY Y body magnetic field in Arbitrary Unit (AU) 1/2%° AU int16 2 30
Mag Z Z body magnetic field in Arbitrary Unit (AU) 1/2° AU | int16 2 92
Reserved Reserved bytes for future use - - - 4 94
Checksum Sum all bytes except headers (OxAA, 0x5A) and mod by OxFFFF - - uint16 2 98

Total size 100
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4.1.71. Cobham AT_ITINS
Name in sbgECom convention (Msg ID): SBG_ECOM_THIRD PARTY AT ITINS (09)

This proprietary ASCII message provides all navigation and orientation data required by the AVIATOR UAV 200
Satcom terminal to ensure correct steering towards the satellite.

The message starts with AT_ITINS= and ends with a <CR><LF>. Each parameter is separated by a comma and the
full message length is always less or equals to 128 chars.

Exarmple

AT ITINS=48.9102,2.1677,66,112,2020-06-17/14:10:15,0,0,0,-1.6,0.2,0.1,127.3,126.3,0.1,0.2,0.0\r\n

Frame format

Field Description Decimal digits | Unit
AT_IT_INS= AT-Command header - -
latitude INS latitude positive North [-90 to +90] 4 °
longitude INS longitude positive East [-180 to +180] 4 °
baroAltitude Barometric altitude [-500 to +25000] 0
height INS altitude above ellipsoid [-500 to +25000] 0
UTC Time UTC Time as a string: yyyy-mm-dd/hh.mm.ss - -
velocityNorth | INS north velocity positive north [-500 to +500] 0 m/s
velocityEast INS east velocity positive east [-500 to +500] 0 m/s
gndSpeed INS ground 2D velocity [0 to +500] 0 m/s
trackAngle INS track course positive clockwise [-180 to +180] 1 °
roll INS roll angle positive right up [-180 to +180] 1 °
pitch INS pitch angle positive nose up [-180 to +180] 1 °
heading INS heading positive clockwise [-180 to +180] 1 °
magHeading Magnetic heading positive clockwise [-180 to +180] 1 °
rollRate Roll rate positive right up [-90 to +90] 1 °/s
pitchRate Pitch rate positive nose up [-90 to +30] 1 °/s
yawRate Yaw rate positive clockwise [-30 to +390] 1 °/s

0 Note 1: Roll, pitch, yaw rate are body rates equivalent to gyroscope X\Y,Z readings but compensated for
bias and earth rotations.

o Note 2: Invalid or not available fields are represented using a zero value.
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4.7.72. Konsberg Multibearm Binary Log (KMB)

Name in sbgECom convention (msg ID): SBG_ECOM_THIRD PARTY KONGSBERG_MB (10)

SBGFWM.2 4

Proprietary binary log from Kongsberg MBES to support FM mode by integrating INS and heave data. All fields are
stored in Little Endian (LSB first). Signed data uses the 2's complement representation.

Frame format
Field Description Unit Format | Size | Offset
Start ID 4 chars header set to #KMB - char 4 0
Datagram Length Message length set to 132 bytes - uint16 2 4
Datagram version Message version set to 1 - uint16 2 6
UTC seconds UTC Time in seconds since epoch 1970-01-01 seconds uint32 4 8
UTC nanoseconds UTC Time second decimal part in nanoseconds nanoseconds uint32 4 12
Status Word Status and quality as defined in KMB Status Word below - uint32 4 16
Latitude INS latitude, positive north. degree double | 8 20
Longitude INS longitude, positive east. degree double | 8 28
Ellipsoid Height INS height above ellipsoid, positive up. meter float 4 36
Roll INS roll angle, positive port side up. degree float 4 40
Pitch INS pitch angle, positive bow up. degree float 4 44
Heading INS true heading. degree float 4 48
Heave Real time heave, positive down. meter float 4 52
Roll rate Vessel roll rate positive port side up. °/s float 4 56
Pitch rate Vessel pitch rate, positive bow up. °/s float 4 60
Yaw rate Vessel yaw rate, paositive clockwise. °/s float 4 64
North Velocity INS north velocity. m/s float 4 68
East Velocity INS east velacity. m/s float 4 72
Down Velocity INS down velocity. m/s float 4 76
Latitude error INS estimated 1-sigma latitude error. meter float 4 80
Longitude error INS estimated 1-sigma longitude error. meter float 4 84
Height error INS estimated 1-sigma height error. meter float 4 88
Roll error INS estimated 1-sigma rall error. degree float 4 92
Pitch error INS estimated 1-sigma pitch error. degree float 4 96
Heading error INS estimated 1-sigma yaw error. degree float 4 100
Heave error INS estimated 1-sigma real time heave errar. meter float 4 104
North acceleration INS north acceleration (gravity free). m/s’ float 4 108
East acceleration INS east acceleration (gravity free). m/s’ float 4 12
Down acceleration INS down acceleration (gravity free). m/s’ float 4 16
Delayed Heave UTC s UTC time integer seconds for delayed heave data. seconds uint32 4 120
Delayed Heave UTC ns UTC time decimal second part for delayed heave data. nanoseconds uint32 4 124
Delayed heave Delayed heave value positive down. meter float 4 128
Total size 123
3
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Time Format

The UTC time is divided in an integer seconds part and a fractional second part. The integer seconds part of time is
an UNIX time counted from 1970-01-01 UTC.

KMB Status Word

The Status Word consists of 32 single bit flags numbered from O to 31, where O position is the least significant bit.
If the bit is set (1value), it means:

Bit Pasition Description
0 Invalid INS position and velocity data. As defined by user quality thresholds.
1 Invalid INS roll and pitch data. As defined by user quality thresholds.
2 Invalid INS heading data. As defined by user quality thresholds.
3 Invalid heave and vertical velocity data. The heave filter is not converged yet or has diverged.
4 Invalid INS acceleration data (NED). Same behavior as invalid INS position and velocity.
5 Invalid delayed heave data. The delayed heave filter has not converged yet.
16 Reduced INS position and velocity data. The data is valid but the INS is not aligned yet.
17 Reduced INS roll and pitch data. The data is valid but the INS is not aligned yet.
18 Reduced INS heading data. The data is valid but the INS is not aligned yet.
19 Reduced heave and vertical velocity data. The heave is valid but not aided by INS.
20 Reduced INS acceleration data (NED). Same behavior as reduced INS position and velocity.
21 Reduced delayed heave data. The delayed heave is valid but not aided by INS.

o Note: The user can define validity threshold for each measurement using the command
SBG_ECOM_CMD_VALIDITY_THRESHOLDS (38).
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5. Input protocols

Several external equipment can be connected to an Inertial Navigation System to enhance it's accuracy by
providing aiding information.

The most common aiding equipment for an INS is an external GNSS receiver. An external GNSS receiver will
typically provide aiding information using NMEA standard protocol. However, for best accuracy and robustness,
SBG Systems tries to support native binary protocols from leading third party equipment manufacturers.

In this section, you will find details about third party equipment and protocols support. Each product will support
different aiding equipment and protocols so please refer to the section Input Protocols Support below for input
protocols availability for your specific device.

5.1.1. Input Protocols Support

The table below details the support of Third Party equipment and protocals according to a specific product family
and product type. For example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main
column 'ELLIPSE'. Each available message is indicated with the e symbol.

ELLIPSE High Performance INS

Name (Message ID) | A E N D A E N D
sbgECom Input Protocol ° ° °
‘NMEAPrOtocol e o o | e e o o]
‘UBXprotocol « e |
‘Novatel Binary Protocol | e o e | e o e o]
‘Septentrio SBF binary protocol | o« o e | e o o o
Trimble GSOF binary protocol | « o o o]
Teledyne RDI PDO protocol | « o o o]
Teledyne RDI PD6 protocol | e o e | e o e o]
Crossbow AHRS-500 AirData | « o o |

0 Note: If you have an EKINOX-M or APOGEE-M, please used the ‘A’ High Performance product type. If you

have an EKINOX-U or APOGEE-U, please use the ‘E’ type.

5.1.2. sbgECom Input Protocol

Some aiding information such as external velocity or altitude (airdata), can be sent to the INS using the specific
binary sbgECom protocol.

The shgECom protocol is compact and secured and as such is ideal to inject in real time aiding information. The
following sbgECom logs are accepted by the device according to aiding assignment configuration:

e SBG_ECOM_LOG_AIR_DATA (36) is used by the AirData module to inject an external barometric altitude as
well as true airspeed (please refer to Operating Handbooks for more information)
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5.1.3. NMEA Protocol
This protocol is used as GPS aiding data in a read only mode.
Currently several sentences are required for proper operation:

GGA is used to handle position aiding

GST is used for position accuracy

RMC is used to handle velocity input

HDT is used to get true heading from dual antenna systems
GSVis used to get the list of satellites in view

ZDA is used for UTC synchronization and it is usually sent at 1Hz

0 Note: Please refer to the NMEA GNSS Integration Operating Handbook for more details.
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5.14. UBX protocol

The Ublox UBX binary protocol can be used to provide best performance when connecting an external Ublox
GPS/GNSS receiver to the INS. UBlox receivers are miniature and low cost GPS receivers so this protocol is only
supported for ELLIPSE series.

The following messages are handled:

e NAV PVT is used to handle the full Position, Velocity and Time solution (required)
e NAV SAT is used to get advanced signal tracking details such as constellations in use (optional).

5.1.5. Novatel Binary Protocol

The Novatel protocol (binary form) can be used to provide best performance when connecting an external Novatel
GNSS receiver to the INS.

Currently several sentences are handled using Novatel Binary protocol:

BESTPQOS is used to handle position aiding.
PSRXYZ is used to handle Doppler velocity with associated accuracy.
HEADING is used to get true heading from dual antenna systems.

TIME is used for UTC synchronization and is usually sent at 1 Hz

The following messages should be sent as well for raw data output (post-processing):
The required configuration for this purpose is the following:

RANGECMPB ontime 1
RAWEPHEMB onchanged
GLOEPHEMERISB onchanged
HEADINGB onnew

“ Note: Please refer to the Novatel GNSS Integration Operating Handbook for more details.
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5.1.6. Septentrio SBF binary protocol

The INS implements Septentrio SBF binary protocol for GPS data aiding input. The following messages are used
for Septentrio — INS integration:

PVTGeodetic: For position and velocity input
PosCovGeodetic: For position advanced error management
VelCovGeodetic: For velocity advanced error management
AttEuler: Orientation for dual antenna systems
AttCovEuler: Qrientation accuracy

ReceiverTime: Timing data

xPPSOffset: Timing data

RawData for post processing

“ Note: Please refer to the Septentrio GNSS Integration Operating Handbook for more details.

5.1.7 Trimble CSOF binary protocol

The Trimble General Serial Output Format (GSOF) can provide all needed information for the INS to compute a real
time navigation solution. For post processing, the device supports RT-27 frame parsing and storage.

The following GSOF messages are supported:

Time: For the time of the navigation solution

LLH: For the latitude, longitude and altitude above ellipsoid
Velocity: For the 3D velocity information

UTC: For UTC time information

Attitude: For dual antenna based heading

All SV Detail: For space vehicle information

“ Note: Please refer to the Trimble GNSS Integration Operating Handbook for more details.

5.1.8. Teledyne RDI PDO protocol

The PDO binary frame is a Teledyne RDI proprietary log that output DVL data such as bottom tracking, water
tracking and water profiling data.

It is accepted as input for DVL aiding purpose.

5.1.9. Teledyne RDI PD6 protocol

The PD6 ascii frame is a Teledyne RDI proprietary log that output DVL data such as bottom tracking and water
tracking.

It is accepted as input for DVL aiding purpose.
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5.1.10. Teledyne RO/ Wayfinder protocol

The Wayfinder is a Teledyne RDI proprietary protocol for the new miniature DVL. It supports bottom tracking
velocity information.

It is accepted as input for DVL aiding purpose.

5.171. Crossbow AHRS-500 Air Data

SBG Systems INS can accept Air Data aiding information such as true airspeed and barometric altitude to enhance
the INS performance in case of GNSS outages. It also greatly improves the pitch accuracy for high performance
aircraft if no GNSS aiding is available.

The AHRS-500 defines an external aiding packet used to input an external GNSS, airspeed and barometric altitude
to the INS. However, currently, only the airspeed and barometric altitude information are supported and used to
improve the AHRS / INS solution.

The external aiding packet should be sent at least at 1 Hz to be used by the device. You can use higher update
rates and up to 5 Hz but make sure the serial interface is not saturated.

Frarme format
Field Description Resolution | Unit | Format | Size | Offset

Header #1 First header char, always - OXAA - - uint8 1 0

Header #2 Second header char, always - 0x55 - - uint8 1 1

CGNSS Latitude Not used, leave OXFFFFFFFF : - int32 4 2

CNSS Longitude | Not used, leave OxFFFFFFFF ) - int32 4 6

GNSS Altitude Not used, leave OXFFFFFFFF ) - int32 4 10

GNSS Ground Not used, leave OxFFFF ’ - uint16 2 14

Speed

CGNSS Track Not used, leave OxFFFF ) - int16 2 16

GNSS Vertical Not used, leave OxFFFF ’ - int16 2 18

Velocity

True Airspeed True Airspeed in the range of 0 - 2048 knots. 2048/2® | knots | uint16 2 20

Invalid indicated by a value of OxFFFF.
Baro Altitude Pressure Altitude in the range of £131072ft. 131072/27 | feet | int32 4 22
Resolution is 17 bits. Invalid indicated by a value of OXFFFFFFFF.

Baro Vertical Not used, leave OxFFFF ’ - int16 2 26

Velocity

Magnetic Not used, leave OXFFFF - - int16 2 28

Variation

Checksum Sum all bytes except headers (OxAA, 0x55) and mod by OxFFFF - - uint16 2 30
Total size 32
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6. CAN protocol specifications

6.1. Introduction

The CAN protocol implements almost all information returned by the shgECom serial protocol. Even if the two
protocals are not the same, they share as much definitions and data structures as possible.

6.2. Conventions and principles

6.2.1 Status and enum definitions

For example, all status, enum, bitmask used in the CAN messages are the same as the ones used in the sbgECom
serial protocol. For the sake of simplicity and maintainability, please refer to sbgECom serial logs to get status,
bitmask and enums definitions.

6.2.2. Value scaling and units

To ensure maximum compatibility with third-party CAN software, each parameter can be transformed using a
straightforward offset and scale factor.

For instance, if a parameter has a scale factor of 10-210-2, it implies that the value returned by the device should
be multiplied by 10-210-2 (or divided by 100) to convert it to the correct unit specified in the message.

6.2.3. Message ldentification

Every CAN message is assigned a unique identifier, which is encoded using 11 bits for a CAN 2.0A standard
message, or 29 bits for a CAN 2.0B extended message.

For standard CAN messages, the message ID ranges from 0x000 to 0x7FF, allowing for 2,048 unique identifiers. In
contrast, extended CAN messages can utilize IDs up to Ox1FFFFFF, offering over 536 million possible unigue
identifiers.

To prevent compatibility issues with other devices, all CAN message IDs are, by default, disabled. It is crucial, when
configuring CAN message outputs, to carefully select IDs to avoid collisions with IDs used by other devices on the
same network.

6.3. Output Logs

6.3.1. CAN Messages Overview

The following list, provides a quick overview of all available CAN messages. It briefly describes which parameters
are contained in each CAN message.

Name (log ID) Description

SBG_ECAN_MSG_STATUS_01 (0x100) Ceneral status such as clock, com aiding, solution, heave
SBGC_ECAN_MSG_STATUS_02 (0x101)
SBG_ECAN_MSG_STATUS_03 (0x102)

SBG_ECAN_MSG _UTC 0 (0x110) Provides UTC time reference
SBG_ECAN_MSG_UTC_1 (0x1M)
SBG_ECAN_MSG_IMU_INFQ (0x120) Includes IMU status, acc., gyro, temp delta speeds and delta angles values

SBG_ECAN_MSG_IMU_ACCEL (0x121)
SBG_ECAN_MSG_IMU_GYRO (0x122)
SBG_ECAN_MSG_IMU_DELTA_VEL (0x123)
SBG_ECAN_MSG_IMU_DELTA_ANGLE (0x124)
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Name (log ID) Description

SBG_ECAN_MSG_EKF_INFO (0x130) Includes roll, pitch, yaw, or quaternion output and their accuracies on each axis
SBG_ECAN_MSG_EKF_QUAT (0x131)

SBG_ECAN_MSG_EKF_EULER (0x132)

SBG_ECAN_MSG_EKF_ORIENTATION_ACC (0x133)

SBG_ECAN_MSG_EKF_POS (0x134) Position and velocities computed by the INS Kalman Filter,
SBG_ECAN_MSG_EKF_ALTITUDE (0x135) The positions are expressed in LLA and the velocities in either NED or INS body
SBG_ECAN_MSG_EKF_POS_ACC (0x136) frame.

SBG_ECAN_MSG_EKF_VEL_NED (0x137) Estimated standard deviation are also provided.

SBG_ECAN_MSG_EKF_VEL_NED_ACC (0x138)
SBG_ECAN_MSG_EKF_VEL_BODY (0x139)

SBG_ECAN_MSG_AUTO_TRACK_SLIP_CURV (0x220) These outputs are related to automotive applications with information such as
slip angle or curvature radius.

SBG_ECAN_MSG_SHIP_MOTION_INFO (0x140) Real time ship motion parameters such as surge, sway and heave
SBG_ECAN_MSG_SHIP_MQOTION_Q (0x141)
SBG_ECAN_MSG_SHIP_MOTION_1 (0x145)
SBG_ECAN_MSG_SHIP_MOQTION_2 (0x149)

SBG_ECAN_MSG_SHIP_MOTION_HP_INFO (0x14A) Delayed heave measurements.
SBG_ECAN_MSG_SHIP_MOQOTION_HP_0 (0x14B)
SBG_ECAN_MSG_SHIP_MQOTION_HP_1(0x14C)
SBG_ECAN_MSG_SHIP_MOQOTION_HP_2 (0x14D)

SBG_ECAN_MSG_MAG_0 (0x150) Magnetic data with associated accelerometer on each axis
SBG_ECAN_MSG_MAG_1(0x151)
SBG_ECAN_MSG_MAG_2 (0x152)

SBG_ECAN_MSG_0ODO_INFO (0x160) Provides odometer velocity
SBG_ECAN_MSG_0ODO_VEL (0x161)

SBG_ECAN_MSG_AIR_DATA_INFO (0x162) Barometric pressure & altitude
SBG_ECAN_MSG_AIR_DATA_ALTITUDE (0x163) True airspeed from a pitot tube
SBG_ECAN_MSG_AIR_DATA_AIRSPEED (0x164)

SBG_ECAN_MSG_DEPTH_INFO (0x166) Subsea water pressure and depth below surface
SBG_ECAN_MSG _DEPTH_ALTITUDE (0x167)

SBG_ECAN_MSG_GPS1_VEL_INFO (0x170) Velocity and course from primary GNSS receiver

SBG_ECAN_MSG_GPS1_VEL (0x171)
SBG_ECAN_MSG_GPS1_VEL_ACC (0x172)
SBG_ECAN_MSG_GPS1_COURSE (0x173)

SBG_ECAN_MSG_GPS1_POS_INFO (0x174) Positions from primary GNSS receiver
SBG_ECAN_MSG_GPS1_POS (0x175)

SBG_ECAN_MSG_GPS1_POS_ALT (0x176)

SBG_ECAN_MSG_GPS1_POS_ACC (0x177)

SBG_ECAN_MSG_GPS1_HDT_INFOQ (0x178) True heading from primary dual antenna GNSS receiver
SBG_ECAN_MSG_GPS1_HDT (0x179)
SBG_ECAN_MSG_GPS2_VEL_INFO (0x180) Velocity and course from secondary GNSS receiver

SBG_ECAN_MSG_GPS2_VEL (0x181)
SBG_ECAN_MSG_GPS2_VEL_ACC (0x182)
SBG_ECAN_MSG_GPS2_COURSE (0x183)

SBG_ECAN_MSG_GPS2_POS_INFO (0x184) Positions from secondary GNSS receiver
SBG_ECAN_MSG_GPS2_POS (0x185)

SBG_ECAN_MSG_GPS2 _POS_ALT (0x186)

SBG_ECAN_MSG_GPS2 POS_ACC (0x187)

SBG_ECAN_MSG_GPS2 _HDT_INFO (0x188) True heading from secondary dual antenna GNSS receiver
SBG_ECAN_MSG_GPS2 _HDT (0x189)

SBG_ECAN_MSG_EVENT_INFO_A (0x200) Event marker sent when a signal is detected on Sync In A pin
SBG_ECAN_MSG_EVENT_TIME_A (0x201)
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Name (log ID) Description

SBG_ECAN_MSG_EVENT_INFO_B (0x202
SBG_ECAN_MSG_EVENT_TIME_B (0x203

SBG_ECAN_MSG_EVENT_INFO_C (0x204
SBG_ECAN_MSG_EVENT_TIME_C (0x205

SBG_ECAN_MSG_EVENT_INFO_D (0x206
SBG_ECAN_MSG_EVENT_TIME_D (0x207

SBG_ECAN_MSG_EVENT_INFO_E (0x207) Event marker sent when a signal is detected on Sync In E pin
SBGC_ECAN_MSG_EVENT_TIME_E (0x209)

Event marker sent when a signal is detected on Sync In B pin
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6.3.2. Messages Availability

SBGFWM.2 4

The table below details a CAN message availability according to a specific product family and product type. For
example, if you have an ELLIPSE-E-G4A2-B1, you should refer to the column 'E' in the main column 'ELLIPSE'. Each

available message is indicated with the e symbol.

Name (Message ID)

ELLIPSE High Performance INS

E N

SBG_ECAN_MSG_STATUS_01(0x100)
SBG_ECAN_MSG_STATUS_02 (0x101)
SBG_ECAN_MSG_STATUS_03 (0x102)

SBG_ECAN_MSG_UTC_O (0x10)
SBG_ECAN_MSG_UTC_1(0x1m)

SBG_ECAN_MSG_IMU_INFO (0x120)
SBG_ECAN_MSG_IMU_ACCEL (0x121)
SBG_ECAN_MSG_IMU_GYRO (0x122)
SBG_ECAN_MSG_IMU_DELTA_VEL (0x123)
SBG_ECAN_MSG_IMU_DELTA_ANGLE (0x124)

SBG_ECAN_MSG_EKF_INFO (0x130)
SBG_ECAN_MSG_EKF_QUAT (0x131)
SBG_ECAN_MSG_EKF_EULER (0x132)
SBG_ECAN_MSG_EKF_ORIENTATION_ACC (0x133)

SBG_ECAN_MSG_EKF_PQS (0x134)
SBG_ECAN_MSG_EKF_ALTITUDE (0x135)
SBG_ECAN_MSG_EKF_POS_ACC (0x136)
SBG_ECAN_MSG_EKF_VEL_NED (0x137)
SBG_ECAN_MSG_EKF_VEL_NED_ACC (0x138)
SBG_ECAN_MSG_EKF_VEL_BODY (0x139)

SBG_ECAN_MSG_SHIP_MQOTION_INFO (0x140)
SBG_ECAN_MSG_SHIP_MQOTION_O (0x141)
SBG_ECAN_MSG_SHIP_MQOTION_1 (0x145)
SBG_ECAN_MSG_SHIP_MOTION_2 (0x149)

SBG_ECAN_MSG_SHIP_MQOTION_HP_INFO (0x14A)
SBG_ECAN_MSG_SHIP_MQOTION_HP_Q (0x14B)
SBG_ECAN_MSG_SHIP_MQOTION_HP_1 (0x14C)
SBG_ECAN_MSG_SHIP_MQOTION_HP_2 (0x14D)

SBG_ECAN_MSG_MAG_0 (0x150)
SBG_ECAN_MSG_MAG_1 (0x151)
SBG_ECAN_MSG_MAG_2 (0x152)

SBG_ECAN_MSG_ODO_INFO (0x160)
SBG_ECAN_MSG_ODO_VEL (0x161)

SBG_ECAN_MSG_AIR_DATA_INFO (0x162)
SBG_ECAN_MSG_AIR_DATA_ALTITUDE (0x163)
SBG_ECAN_MSG_AIR_DATA_AIRSPEED (0x164)

SBG_ECAN_MSG_DEPTH_INFO (0x166)
SBG_ECAN_MSG_DEPTH_ALTITUDE (0x167)

SBG_ECAN_MSG_GPS1_VEL_INFO (0x170)
SBG_ECAN_MSG_GPS1_VEL (0x171)
SBG_ECAN_MSG_GPS1_VEL_ACC (0x172)
SBG_ECAN_MSG_GPS1_COURSE (0x173)

SBG_ECAN_MSG_GPS1_POS_INFO (0x174)
SBG_ECAN_MSG_GPS1_POS (0x175)
SBG_ECAN_MSG_GPS1_POS_ALT (0x176)
SBG_ECAN_MSG_GPS1_POS_ACC (0x177)
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ELLIPSE High Perfarmance INS
Name (Message ID) A E N D A E N D

SBG_ECAN_MSG_GPS1_HDT_INFO (0x178)
SBG_ECAN_MSG_GPS1_HOT (0x179)

SBG_ECAN_MSG_GPS2_VEL_INFO (0x180)
SBG_ECAN_MSG_GPS2_VEL (0x181)
SBG_ECAN_MSG_GPS2_VEL_ACC (0x182)
SBG_ECAN_MSG_CPS2_COURSE (0x183)

SBG_ECAN_MSG_GPS2_POS_INFO (0x184)
SBG_ECAN_MSG_CPS2_POS (0x185)
SBG_ECAN_MSG_CPS2_POS_ALT (0x186)
SBG_ECAN_MSG_GPS2_POS_ACC (0x187)

SBG_ECAN_MSG_GPS2_HDT_INFO (0x188)
SBG_ECAN_MSG_GPS2_HDT (0x189)

SBG_ECAN_MSG_EVENT_INFO_A (0x200
SBG_ECAN_MSG_EVENT_TIME_A (0x201

SBG_ECAN_MSG_EVENT_INFO_B (0x202
SBG_ECAN_MSG_EVENT_TIME_B (0x203

SBG_ECAN_MSG_EVENT_INFO_C (Ox204
SBG_ECAN_MSG_EVENT_TIME_C (0x205

SBGC_ECAN_MSG_EVENT_INFO_D (0x206
SBGC_ECAN_MSG_EVENT_TIME_D (0x207

SBG_ECAN_MSG_EVENT_INFO_E (0x207)
SBG_ECAN_MSG_EVENT_TIME_E (0x209)

= =

—
@L =

-
[
[ ]
[ ]
[ ]
[ ]

—

P
—

0 Note: If you have an EKINOX-M or APOGEE-M, please used the ‘A" High Performance product type. If you
have an EKINOX-U or APOGEE-U, please use the ‘E’ type.
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6.3.3. General Status output

These outputs combine all system status data, divided into six categories: General, Clock, Communications,
Aiding, Solution and Heave. This log is useful for advanced status information.

Message name (ID) SBG_ECAN MSG_STATUS_01 (0x100)
Field Description Scaling | Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up. 1 Hs uint32 4 0
GENERAL_STATUS General status bit-mask. - - uint16 2 4
CLOCK_STATUS Clock status bit-mask. - - uint16 2 6
Total size 8
Message name (ID) SBG_ECAN_MSG_STATUS_02 (0x101)
Field Description Scaling | Unit | Format | Size | Offset
COM_STATUS Com status bit-mask. - - uint32 4 0
AIDING_STATUS Aiding status bit-mask. - - uint32 4 4
Total size 8
Message name (ID) SBG_ECAN_MSG_STATUS_03 (0x102)
Field Description Scaling | Unit | Format | Size | Offset
SOLUTION_STATUS Solution status bit-mask. - - uint32 4 0
HEAVE_STATUS Heave status bit-mask. - - uint16 2 4
Total size 6

STATUS definition

Please refer to the sbgECom serial log GENERAL_STATUS definition, CLOCK_STATUS definition, COM_STATUS
definition, AIDING_STATUS definition, SOLUTION_STATUS definition and HEAVE_STATUS definition.

A
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6.34. UTC time output

Provides UTC time reference. This frame also provides a time correspondence between the device TIME_STAMP
value and the actual UTC Time. You thus have to use this frame if you would like to time stamp all data to an
absolute UTC or GPS time reference.

Message name (ID) SBG_ECAN_MSG_UTC_O (0x110)
Field Description Scaling | Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up. 1 Hs uint32 4 0
GPS_TOW GPS Time of week. 1 ms | uint32 4 4
Total size 8
Message name (ID) SBG_ECAN_MSG_UTC_1 (0x111)
Field Description Scaling | Unit | Format | Size | Offset
YEAR Year within the century (e.g. 10" means 2010) 1 - uint8 1 0
MONTH Month in Year [1...12] 1 - uint8 1 1
DAY Day in Month [1... 31] 1 - uint8 1 2
HOUR Hourinday [0 ... 23] 1 - uints 1 3
MIN Minute in hour [0 ... 59] 1 - uint8 1 4
SEC Second in minute [0 ... 60] 1 S uint8 1 5
Note 60 is when a leap second is added.
MICRO_SEC Microsecond within the current second 100 s uint16 2 6
Total size 8

A
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6.3.5. Inertial Data output

These CAN logs output the IMU calibrated accelerometers and gyroscopes values as well as delta angles and delta
velocities that are computed using 1kHz coning and sculling integrals.

Message name (ID) SBG_ECAN_MSG_IMU_INFO (0x120)
Field Description Scaling | Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up. 1 s uint32 4 0
IMU_STATUS IMU Status bit-mask. - - uint1e 2 4
TEMPERATURE IMU Temperature. 107 °C int16 2 6
Total size 8
IMU_STATUS definition
Please refer to the sbgECom serial log IMU_STATUS definition.
Message name (ID) SBG_ECAN_MSG_IMU_ACCEL (0x121)
Field Description Scaling | Unit | Format | Size | Offset
ACCEL_X Acceleration X 107 m.s? | intl6 2 0
ACCEL_Y Acceleration Y 107 m.s? | int16 2 2
ACCEL_Z Acceleration Z 107 m.s? | int16 2 4
Total size 6
Message name (ID) SBG_FCAN_MSG_IMU_GYRO (0x122)
Field Description Scaling | Unit | Format | Size | Offset
GYRO_X Rate of turn X 107 rad.s™| int16 2 0
GYRO_Y Rate of turn'Y 107 rad.s’| int16 2 2
GYRO_Z Rate of turn Z 107 rad.s’| int16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_IMU_DELTA_VEL (0x123)
Field Description Scaling | Unit | Format | Size | Offset
DELTA_VEL_X Delta velocity X 107 m.s™? int16 2 0
DELTA_VEL_Y Delta velocity Y 107 m.s? | intl6 2 2
DELTA_VEL Z Delta velocity Z 107 m.s? | int16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_IMU_DELTA_ANGLE (0x124)
Field Description Scaling | Unit | Format | Size | Offset
DELTA_ANGLE X Coning integration X 107 rad.s’| int16 2 0
DELTA_ANGLE_Y Coning integration Y 107 rad.s’| int16 2 2
DELTA_ANGLE_Z Coning integration Z 10° rad.s’| int16 2 4
Total size 6
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6.3.6. EKF output

SBGFWM.2 4

These logs output all parameters computed by the device Extended Kalman Filter such as the 3D attitude, velocity
and inertially aided position.

6.3.6.1. General EKF info

Message name (ID)

SBG_ECAN_MSCG_EKF_INFQ (0x130)

Field Description Scaling | Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up. 1 HS uint32 4 0
Total size 4

6.3.6.2. Orientation data

The EFK computed orientation data can be output using different representations. The 3D orientation can be
represented using a normalized quaternion (g0, g1, g2, g3) or using so called Euler angles.

Message name (ID)

SBG_ECAN_MSG_EKF_QUAT (0x131)

Field Description Scaling | Unit | Format | Size | Offset
Qo Orientation quaternion, g0 component. 1/32767 - int16 2 0
Q1 Orientation quaternion, g1 component. 1/32767 - int16 2
Q2 Orientation quaternion, g2 component. 1/32767 - int16 2 4
Q3 Orientation quaternion, g3 component. 1/32767 - int16 2 6
Total size 8
Message name (ID) SBG_ECAN_MSG_EKF_EULER (0x132)
Field Description Scaling | Unit | Format | Size | Offset
ROLL Roll angle [-T to +1] 10 rad int16 2 0
PITCH Pitch angle [-1t/2 to +11/2] 10" rad int16 2 2
YAW Yaw angle [-1t to +T] 10 rad int16 2 4
Total Size 6
Message name (ID) SBG_ECAN_MSG_EKF_ORIENTATION_ACC (0x133)
Field Description Scaling | Unit | Format | Size | Offset
ROLL_ACC 10 Roll angle accuracy [0 to +T] 10 rad | uintl6 2 0
PITCH_ACC 10 Pitch angle accuracy [0 to +1t/2] 10 rad | uint16 2 2
YAW_ACC 10 Yaw angle accuracy [0 to +1] 10" rad uint16 2 4
Total size 6
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6.3.6.3. Position data

SBGFWM.2 4

Inertially aided position data consists of a latitude, longitude and altitude expressed in the WGS84 datum.

Estimated standard deviations are also returned by the Kalman Filter.

Message name (ID)

SBG_ECAN_MSG_EKF_POS (0x134)

Field Description Scaling | Unit | Format | Size | Offset
LATITUDE Latitude angle, positive north. 107 ° int32 4 0
LONCGITUDE Longitude angle, positive east. 107 ° int32 4 4
Total size 8
Message name (ID) SBG_ECAN_MSG_EKF_ALTITUDE (0x135)
Field Description Scaling | Unit | Format | Size | Offset
ALTITUDE Altitude above Mean Sea Level. 107 m int32 4 0
UNDULATION Altitude difference between the geoid and the Ellipsoid. 0.005 m int16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_EKF_POS_ACC (0x136)
Field Description Scaling | Unit | Format | Size | Offset
LATITUDE_ACC 1o Latitude accuracy. 107 m uint16 2 0
LONGITUDE_ACC 1o Longitude accuracy. 107 m uint16 2 2
ALTITUDE_ACC 1o Vertical Position accuracy. 107 m uint16 2 4
Total size 6
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6.3.6.4. Velocity Data

Inertially aided velocity measurements that are either expressed in North, East, Down frame or in the INS body

axis XY, Z. Estimated standard deviations are also returned by the Kalman Filter.

Message name (ID) SBG_ECAN_MSG_EKF_VEL_NED (0x137)
Field Description Scaling | Unit | Format | Size | Offset
VELOCITY_N Velocity in North direction. 107 m.s’ | int16 2 0
VELOCITY_E Velocity in East direction. 107 m.s’ | int16 2 2
VELOCITY_D Velocity in Down direction. 10 m.s’ | int16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_EKF_VEL_NED_ACC (0x138)
Field Description Scaling | Unit | Format | Size | Offset
VELOCITY_ACC_N 10 Velocity in North direction accuracy. 107 m.s’ | uint16 2 0
VELOCITY_ACC_E 10 Velocity in East direction accuracy. 107 m.s” | uint16 2 2
VELOCITY_ACC.D 10 Velocity in Down direction accuracy. 107 m.s’ | uint16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_EKF_VEL_BODY (0x139)
Field Description Scaling | Unit | Format | Size | Offset
VELOCITY_X Velocity in body/INS X direction. 107 m.s’ int16 2 0
VELOCITY_Y Velocity in body/INS Y direction. 107 m.s’ | int16 2 2
VELOCITY_Z Velocity in body/INS Z direction. 107 m.s’ | int16 2 4
Total size 6
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6.3.7 Automotive Outputs

All the messages in this section have been especially designed for automotive applications.

Message name (ID) SBG_ECAN_MSG_AUTO_TRACK_SLIP_CURV (0x220)

Field Description Scaling | Unit | Format | Size | Offset

ANGLE_TRACK Track course angle/direction of travel [-1t to +T] 10* rad int16 2 0

ANGLE_SLIP Vehicle slip angle [-1t to +Tt] 10" rad int16 2 2

CURVATURE_RADIUS Curvature radius in meters based on down rotation rate 107 m uint16 2 4

AUTO_STATUS Status bitmasks as AUTO_STATUS definition - - uint8 1 6
Total size 7

AUTO_STATUS definition

This field must be checked in order to know which data is valid or not.

Bit Name Description

0 SBCG_ECOM_AUTO_TRACK_VALID Set to 1if the track angle is valid
1 SBGECOM AUTOSLP.VALD Settoliftheslipangleisvalid
2 SBG.ECOM_AUTO_CURVATUREVALID Settolifthe curvature radius isvalid

A
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6.3.8. Heave, Surge, Sway

Ship Motion data represents 3D displacement, velocities and accelerations for a vessel. In addition to heave, surge
and sway measurements, main heave period as well as 3D velocities and accelerations can be output by the
device.

Some devices can output both real time and delayed heave values, these two outputs share the exact same
message format.

Message name (ID) SBG_ECAN_MSG_SHIP_MQOTION_INFO (0x140), SBG_ECAN_MSC_SHIP_MOTION_HP_INFO (0x14A)

Field Description Scaling | Unit | Format | Size | Offset

TIME_STAMP Time since sensor is powered up. 1 HS uint32 4 0

PERIOD Main heave period. 107 S uint16 2 4

HEAVE_STATUS Ship motion status - - uint1e 2 6
Total size 8

HEAVE_STATUS definition

Please refer to the sbgECom serial log HEAVE_STATUS definition.

Message name (ID) SBG_ECAN_MSG_SHIP_MOTION_O (0x141), SBG_ECAN_MSG_SHIP_MQOTION_HP_0 (0Ox14B)

Field Description Scaling | Unit | Format | Size | Offset

SURGE Surge motion (positive forward). 107 m int16 2 0

SWAY Sway motion (positive right). 107 m int16 2 2

HEAVE Heave motion (positive down). 107 m int16 2 4
Total size 6

Message name (ID) SBG_ECAN_MSG_SHIP_MOTION_1 (0x145), SBG_ECAN_MSG_SHIP_MOTION_HP_1 (0x14C)
Field Description Scaling | Unit | Format | Size | Offset
ACCEL_X Longitudinal acceleration (positive forward). 107 m.s” int16 2 0
ACCEL_Y Lateral acceleration (positive right). 107 m.s? | int16 2 2
ACCEL Z Vertical acceleration (positive down). 10 m.s” int16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_SHIP_MOTION_2 (0x149), SBG_ECAN_MSG_SHIP_MOTION_HP_2 (0x14D)
Field Description Scaling | Unit | Format | Size | Offset
VEL X Longitudinal velocity (positive forward). 10 m.s” int16 2 0
VEL_Y Lateral velocity (positive right). 107 m.s’ int16 2 2
VEL Z Vertical velocity (positive down). 10 m.s’ int16 2 4
Total size 6
169/178 3% SBG svsTEMS




Inertial Sensor Interface - Firmware Reference Manual SBGFWM.2 4

6.3.9 Magnetometer output

Fully calibrated and normalized magnetometers values in arbitrary units as well as associated accelerometer
measurement. If well calibrated, the norm of the magnetic vector should equal 1.

Message name (ID) SBG_ECAN_MSG_MAG_0 (0x150)

Field Description Scaling Unit | Format | Size | Offset

TIME_STAMP Time since sensor is powered up. 1 Hs uint32 4 0

MAG_STATUS Magnetometer status bit-mask. - - uint16 2 4
Total size 6

MACG_STATUS definition

Please refer to the shgECom serial log MAG_STATUS definition.

Message name (ID) SBG_ECAN_MSG_MAG_1 (0x151)

Field Description Scaling | Unit | Format | Size | Offset

MAG_X Magnetometer output, X axis. 10° a.u. int16 2 0

MAG_Y Magnetometer output, Y axis. 107 a.u. int16 2 2

MAG_Z Magnetometer output, Z axis. 107 a.u. int16 2 4
Total size 6

Message name (ID) SBG_ECAN_MSG_MAG_2 (0x152)

Field Description Scaling Unit | Format | Size | Offset

ACC_X Accelerometer output, X axis. 107 m.s? int16 2 0

ACCLY Accelerometer output, Y axis. 107 m.s™? int16 2 2

ACC_Z Accelerometer output, Z axis. 107 m.s? int16 2 4
Total size 6
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6.3.70. Odorneter output

SBGFWM.2 4

Odometer status information, time since reset and raw velocity using detected odometer pulses. The time stamp

field is not necessary aligned with main loop as it dates the actual odometer data.

Message name (ID) SBG_ECAN_MSG_ODO_INFO (0x160)

Field Description Scaling Unit | Format | Size | Offset

TIME_STAMP Time since sensor is powered up. 1 s uint32 4 0

ODO_STATUS Odometer velocity status bit-mask. - - uint16 2 4
Total size 6

0D0_STATUS definition

Please refer to the shgECom serial log ODO_VEL_STATUS definition.

Message name (ID) SBG_ECAN_MSG_ODO_VEL (0x161)

Field Description Scaling Unit | Format | Size | Offset

VELOCITY Velocity in odometer direction. 107 m.s’ | intl6 2 0
Total size 2
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6.3.71. AirData output

Outputs related to the AirData module such as barometric pressure, altitude, true airspeed, ...

Message name (ID) SBG_ECAN_MSG_AIR_DATA_INFO (0x162)

Field Description Scaling Unit | Format | Size | Offset

TIME_STAMP Time since sensor is powered up - s uint32 4 0

AIR_DATA_STATUS Airdata module and sensor status - - uint8 1 4

AIR_TEMPERATURE Outside air temperature 107 °C int16 2 5
Total size 7

AIR_DATA_STATUS definition

Please refer to the sbgECom serial log AIRDATA_STATUS definition.

Message name (ID) SBG_ECAN_MSG_AIR_DATA ALTITUDE (0x163)

Field Description Scaling Unit | Format | Size | Offset

PRESSURE_ABS Absolute barometric pressure 10° Pa uint32 4 0

ALTITUDE Barometric altitude computed positive upward. 107 m int32 4 4
Total size 8

Message name (ID) SBG_ECAN_MSG_AIR_DATA_AIRSPEED (0x164)

Field Description Scaling Unit | Format | Size | Offset

PRESSURE_DIFF Differential pressure measured by a pitot tube 107 Pa int32 4 0

AIRSPEED True airspeed positive forward 107 m.s’ int16 2 4
Total size 6
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6.3.12. Depth Sensor output

Outputs related to the subsea Depth sensor module.

SBGFWM.2 4

Message name (ID)

SBG_ECAN_MSG_DEPTH_INFO (0Ox166)

Field

Description Scaling Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up 1 s uint32 4 0
DEPTH_STATUS Depth module and sensor status - - uint8 1 4
Total size 5
DEPTH_STATUS definition
Please refer to the shgECom serial log DEPTH_STATUS definition.
Message name (ID) SBG_ECAN_MSG_DEPTH_ALTITUDE (0x167)
Field Description Scaling Unit | Format | Size | Offset
PRESSURE_ABS Absolute water pressure 107 Pa uint32 4 0
DEPTH Altitude from depth sensor positive upward. 10° m int32 4 4
Total size 8
\rl
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6.3.73. GN55 7and 2 outputs

6.3.13.1. GNSS Velocity

SBGFWM.2.4

These logs return the GNSS velocity, velocity accuracy, course and status as computed by the primary or secondary
GNSS receiver. The time stamp is not aligned on main loop but instead of that, it dates the actual GNSS velocity

data.

Message name (ID)

SBG_ECAN_MSG_GPS1_VEL_INFO (0x170), SBG_ECAN_MSG_GPS2_VEL_INFO (0x180)

Field Description Scaling | Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up. 1 HS uint32 4 0
GPS_VEL_STATUS GPS velocity fix and status bit-mask. - - uint32 4 4
Total size 8
CPS_VEL_STATUS definition
Please refer to the sbgECom serial log GPS_VEL_STATUS definition.
Message name (ID) SBG_ECAN_MSG_GPS1_VEL (0x171), SBG_ECAN_MSG_GPS2_VEL (0x181)
Field Description Scaling Unit | Format | Size | Offset
VEL_N Velocity in North direction. 107 m.s’ int16 2 0
VEL_E Velocity in East direction. 107 m.s’ int16 2 2
VEL_D Velocity in Down direction. 107 m.s’ int16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_GPS1_VEL_ACC (0x172) , SBG_ECAN_MSG_GPS2_VEL_ACC (0x182)
Field Description Scaling | Unit | Format | Size | Offset
VEL_ACC_N 10 Accuracy in North direction. 107 m.s’ | uint16 2 0
VEL_ACC_E 10 Accuracy in East direction. 107 m.s’ | uint16 2 2
VEL_ACC.D 10 Accuracy in Down direction. 107 m.s’ | uint16 2 4
Total size 6
Message name (ID) SBG_ECAN_MSG_GPS1_COURSE (0x173), SBG_ECAN_MSG_GPS2_COURSE (0x183)
Field Description Scaling | Unit | Format | Size | Offset
COURSE True direction of motion over ground (0 to 360°). 107 ° uint16 2 0
COURSE_ACC 1o course accuracy. 107 ° uint1e 2 2
Total size 4
\I'l
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6.3.13.2. GNSS Position

These logs return the GNSS position, position accuracy and status as computed by the primary or secondary GNSS
receiver. The time stamp is not aligned on main loop but instead of that, it dates the actual GNSS positioning

data.

Message name (ID) SBG_ECAN_MSG_GPS1_POS_INFO (0x174), SBG_ECAN_MSG_GPS2_POS_INFO (0x184)

Field Description Scaling | Unit | Format | Size | Offset

TIME_STAMP Time since sensor is powered up. 1 S uint32 4 0

GPS_POS_STATUS GPS position fix and status bit-mask. - - uint32 4 4
Total size 8

GPS5_POS5_STATUS definition

Please refer to the shgECom serial log GPS_POS_STATUS definition.

Message name (ID) SBG_ECAN_MSG_GPS1_POS (0x175), SBG_ECAN_MSG_GPS2_POS (0x185)

Field Description Scaling | Unit | Format | Size | Offset

LATITUDE Latitude, positive North. 107 ° int32 4 0

LONGITUDE Longitude, positive East. 107 ° int32 4 4
Total size 8

Message name (ID) SBG_ECAN_MSG_GPS1_POS_ALT (0x176), SBG_ECAN_MSG_GPS2_POS_ALT (0x186)

Field Description Scaling | Unit | Format | Size | Offset

ALTITUDE Altitude Above Mean Sea Level. 10° m int32 4 0

UNDULATION Altitude difference between the geoid and the Ellipsoid. 0.005 m int16 2 4

NUM_SV Number of space vehicles used in solution - - uint8 1 6

DIFF_CORR_AGE Age of differential corrections (Set to OxFF if not available) 1 S uint8 1 7
Total size 8

Message name (ID) SBG_ECAN_MSG_GPS1_POS_ACC (0x177), SBG_ECAN_MSG_GPS2_POS_ACC (0x187)

Field Description Scaling | Unit | Format | Size | Offset

LAT_ACC 10 Latitude Accuracy. 107 m uint16 2 0

LONG_ACC 1o Longitude Accuracy. 107 m uint16 2 2

ALT_ACC 1o Altitude Accuracy. 107 m uint16 2 4

BASE_STATION_ID ID of the base station used (Set to OxFFFF if not available) - - uint16 2 6
Total size 8
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6.3.13.3. GNSS True Heading

SBGFWM.2 4

These logs return the GNSS true heading and pitch solutions as well as status as computed by the primary or
secondary dual antenna GNSS receiver. The time stamp is not aligned on main loop but instead of that, it dates

the actual GNSS true heading data.

Message name (ID) SBG_ECAN_MSG_GPS1_HDT_INFO (0x178), SBG_ECAN_MSGC_GPS2_HDT_INFO (0x188)

Field Description Scaling | Unit | Format | Size | Offset

TIME_STAMP Time since sensor is powered up. 1 s uint32 4 0

GPS_HDT_STATUS GPS True Heading status. - - uint16 2 4
Total size 6

GPS_HDT_STATUS definition

Please refer to the shgECom serial log GPS_HDT_STATUS definition.

Message name (ID) SBG_ECAN_MSG_GPS1_HDT (0x179), SBG_ECAN_MSG_GPS2_HDT (0x189)

Field Description Scaling | Unit | Format | Size | Offset

TRUE_HEADING True heading angle (0 to 360°). 107 ° uint16 2 0

TRUE_HEADING_ACC 10 True heading estimated accuracy (0 to 360°). 107 ° uint16 2 2

PITCH Pitch angle from the master to the rover. 107 ° int16 2 4

PITCH_ACC 1o pitch estimated accuracy. 107 ° uint16 2 6
Total size 8
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6.3.74. Event Markers

All SBG Systems Inertial Systems can detect events markers at up to 1 kHz on synchronization input signals such
as Sync A, Sync B, Sync C, Sync D and Sync E. For each input synchronization signal, the device can output a binary
log that returns the time of each received event during the last past 5 milliseconds (the maximum output rate is
200 Hz).

The TIME_STAMP field dates the first event that has been received during the last 5 ms. Other events received
during the same time slot (5ms) are dated using a time offset to reduce the log size.

Exarmple

If three events are received during the last 5 ms, each event will be dated using the following rules:

First received event time is directly stored in TIME_STAMP
e Second received event time is TIME_STAMP + TIME_OFFSET_0O
e Third received event time is TIME_STAMP + TIME_OFFSET_1

The other time offset fields will be set to 0 and the EVENT_STATUS flag will reflect which time offset fields are
valid.

SBG_ECAN_MSG_EVENT_INFO_A (0x200), SBG_ECAN_MSG_EVENT_INFO_B (0x202),
SBG_ECAN_MSG_EVENT_INFO_C (0x204), SBG_ECAN_MSG_EVENT_INFO_D (0x206),
Message name (ID) SBG_ECAN_MSG_EVENT_INFO_E (0x207),
Field Description Scaling | Unit | Format | Size | Offset
TIME_STAMP Time since sensor is powered up. 1 HS uint32 4 0
EVENT_STATUS Status bit-mask. - - uint1e 2 4
Total size 6
EVENT_STATUS definition
Please refer to the sbgECom serial log EVENT_STATUS definition.
SBC_ECAN_MSG_EVENT_TIME_A (0x201), SBC_ECAN_MSG_EVENT_TIME_B (0x203),
SBC_ECAN_MSG_EVENT_TIME_C (0x205), SBG_ECAN_MSG_EVENT_TIME_D (0x207),
Message name (ID) SBG_ECAN_MSG_EVENT_TIME_E (0x209)
Field Description Scaling | Unit | Format | Size | Offset
TIME_OFFSET_0 Time offset for the second received event. 1 s uint16 2 0
TIME_OFFSET_1 Time offset for the third received event. 1 ys uint1e 2 2
TIME_OFFSET_2 Time offset for the fourth received event. 1 s uint16 2 4
TIME_OFFSET_3 Time offset for the fifth received event. 1 us uint16 2 6
Total size 8

0 Note: The device can support events markers at up to 1kHz. If too much events are sent, it may overload
the internal CPU leading to decreased performance and reliability.

o Warning: Never leave an activated Sync In signal unconnected as noise on the line may trigger spurious
events at very high rates.

A
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7. Support

Our goal is to provide the best experience to our customers. If you have any question, comment or problem with
the use of your product, we would be glad to help you, so feel free to contact us:

EMEA: Americas:

SBG Systems S.A.S. SBG Systems North America, Inc
1avenue Eiffel 5932 Bolsa Avenue, Suite #103
78420 Carriéres-sur-Seine Huntington Beach, CA 92649
FRANCE USA

Phone: +33180 884370 Phone: +1(657) 549-5807
support@shg-systems.com support@shg-systems.com

%
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