
1 

LORD MANUAL                                  

3DM-GX4Ê-25 
Data Communications Protocol   

 

 

 

 

 

 

 

 

 

 

 

08 Fall 



 

 

2 
 

3DM-GX4®-25  Data Communications Protocol    

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
 

©2014 LORD Corporation 

MicroStrain® Sensing Systems 

459 Hurricane Lane 

Suite 102 

Williston, VT 05495 

United States of America 

Phone: 802-862-6629 

Fax: 802-863-4093 

 

www.microstrain.com 

sensing_support@LORD.com 

 

REVISED: December 23, 2014 



 

 

3 
 

3DM-GX4®-25  Data Communications Protocol    

  

Table of Contents  
LORD MANUAL ........................................................................................................................................................................... 1 

3DM-GX4ϰ-25 ............................................................................................................................................................................. 1 

DATA COMMUNICATIONS PROTOCOL ........................................................................................................................................ 1 

TABLE OF CONTENTS .................................................................................................................................................................. 3 

3DM-GX4 API.............................................................................................................................................................................. 7 

API INTRODUCTION ............................................................................................................................................................................. 7 

COMMAND AND DATA SUMMARY ............................................................................................................................................. 8 

COMMANDS ....................................................................................................................................................................................... 8 

Base Command Set (0x01).......................................................................................................................................................... 8 

3DM Command Set (0x0C) ......................................................................................................................................................... 8 

Estimation Filter Command Set (0x0D) ...................................................................................................................................... 8 

System Command Set (0x7F) ...................................................................................................................................................... 9 

DATA .............................................................................................................................................................................................. 10 

IMU Data Set (set 0x80) ........................................................................................................................................................... 10 

Filter Data Set (set 0x82) .......................................................................................................................................................... 10 

BASIC PROGRAMMING ............................................................................................................................................................. 11 

MIP PACKET OVERVIEW ..................................................................................................................................................................... 11 

COMMAND OVERVIEW ....................................................................................................................................................................... 13 

9ȄŀƳǇƭŜ άtƛƴƎέ /ƻƳƳŀƴŘ tŀŎƪŜǘΥ .......................................................................................................................................... 13 

9ȄŀƳǇƭŜ άtƛƴƎέ wŜǇƭȅ tŀŎƪŜǘΥ .................................................................................................................................................. 13 

DATA OVERVIEW ............................................................................................................................................................................... 14 

Example Data Packet: .............................................................................................................................................................. 14 

EXAMPLE SETUP SEQUENCE ................................................................................................................................................................. 16 

Continuous Data Example Command Sequence....................................................................................................................... 16 

Polling Data Example Sequence ............................................................................................................................................... 20 

PARSING INCOMING PACKETS .............................................................................................................................................................. 22 

MULTIPLE RATE DATA ........................................................................................................................................................................ 23 

DATA SYNCHRONICITY ........................................................................................................................................................................ 24 

COMMUNICATIONS BANDWIDTH MANAGEMENT ..................................................................................................................................... 25 

UART Bandwidth Calculation ................................................................................................................................................... 25 

USB vs. UART ............................................................................................................................................................................ 26 

COMMAND REFERENCE ............................................................................................................................................................ 27 

BASE COMMANDS ............................................................................................................................................................................. 27 

Ping (0x01, 0x01) ...................................................................................................................................................................... 27 

Set To Idle (0x01, 0x02) ............................................................................................................................................................ 28 

Resume (0x01, 0x06) ................................................................................................................................................................ 29 

Get Device Information (0x01, 0x03) ........................................................................................................................................ 30 

Get Device Descriptor Sets (0x01, 0x04) ................................................................................................................................... 31 

Device Built-In Test (0x01, 0x05) ........................................................................................................................................... 32 



 

 

4 
 

3DM-GX4®-25  Data Communications Protocol    

  
GPS Time Update (0x01, 0x72) ................................................................................................................................................. 32 

Device Reset (0x01, 0x7E) ......................................................................................................................................................... 34 

3DM COMMANDS ............................................................................................................................................................................ 35 

Poll IMU Data (0x0C, 0x01) ...................................................................................................................................................... 35 

Poll Estimation Filter Data (0x0C, 0x03) ................................................................................................................................... 37 

Get IMU Data Base Rate (0x0C, 0x06) ...................................................................................................................................... 39 

Get Estimation Filter Data Base Rate (0x0C, 0x0B) .................................................................................................................. 39 

IMU Message Format (0x0C, 0x08) .......................................................................................................................................... 41 

Estimation Filter Message Format (0x0C, 0x0A) ...................................................................................................................... 43 

Enable/Disable Continuous Data Stream (0x0C, 0x11) ............................................................................................................ 45 

Device Startup Settings (0x0C, 0x30) ........................................................................................................................................ 47 

IMU Hard Iron Offset (0x0C, 0x3A) ........................................................................................................................................... 47 

IMU Soft Iron Matrix (0x0C, 0x3B) ........................................................................................................................................... 49 

Accel Bias (0x0C, 0x37) ............................................................................................................................................................. 51 

Gyro Bias (0x0C, 0x38).............................................................................................................................................................. 52 

Capture Gyro Bias (0x0C, 0x39) ................................................................................................................................................ 53 

Coning and Sculling Enable (0x0C, 0x3E) .................................................................................................................................. 54 

UART BAUD Rate (0x0C, 0x40) ................................................................................................................................................. 55 

Complementary Filter Settings (0x0C, 0x51) ............................................................................................................................ 56 

Low-Pass Filter Settings (0x0C, 0x50) ....................................................................................................................................... 58 

Device Status (0x0C, 0x64) ....................................................................................................................................................... 60 

ESTIMATION FILTER COMMANDS .......................................................................................................................................................... 62 

Reset Filter (0x0D, 0x01) .......................................................................................................................................................... 62 

Set Initial Attitude (0x0D, 0x02) ............................................................................................................................................... 63 

Set Initial Heading (0x0D, 0x03) ............................................................................................................................................... 64 

Set Initial Attitude with Magnetometer (0x0D, 0x04) .............................................................................................................. 65 

Tare Orientation (0x0D, 0x21) .................................................................................................................................................. 66 

Sensor to Vehicle Frame Transformation (0x0D, 0x11) ............................................................................................................ 67 

Estimation Control Flags (0x0D, 0x14) ..................................................................................................................................... 68 

Heading Update Control (0x0D, 0x18) ..................................................................................................................................... 70 

Auto-Initialization Control (0x0D, 0x19) ................................................................................................................................... 71 

Gyroscope Noise Standard Deviation (0x0D, 0x1B) .................................................................................................................. 72 

Gyroscope Bias Model Parameters (0x0D, 0x1D) ..................................................................................................................... 73 

Accelerometer Noise Standard Deviation (0x0D, 0x1A) ........................................................................................................... 74 

Magnetometer Noise Standard Deviation (0x0D, 0x42) .......................................................................................................... 76 

Enable/Disable Measurements (0x0D, 0x41) ........................................................................................................................... 78 

Declination Source (0x0D, 0x43) .............................................................................................................................................. 79 

External Heading Update (0x0D, 0x17) .................................................................................................................................... 81 

External Heading Update with Timestamp (0x0D, 0x1F) ......................................................................................................... 82 

Zero Angular Rate Update Control (0x0D, 0x20) ...................................................................................................................... 83 

Commanded Zero-Angular Rate Update  (0x0D, 0x23) ............................................................................................................ 84 

Accelerometer Magnitude Error Adaptive Measurement (0x0D, 0x44) ................................................................................... 85 

Magnetometer Magnitude Error Adaptive Measurement (0x0D, 0x45) .................................................................................. 87 

Magnetometer Dip Angle Error Adaptive Measurement (0x0D, 0x46) .................................................................................... 89 

Set Reference Position (0x0D, 0x26) ......................................................................................................................................... 91 

SYSTEM COMMANDS .................................................................................................................................................................... 92 



 

 

5 
 

3DM-GX4®-25  Data Communications Protocol    

  
Communication Mode (0x7F, 0x10) ......................................................................................................................................... 92 

ERROR CODES ................................................................................................................................................................................... 94 

DATA REFERENCE ..................................................................................................................................................................... 95 

IMU DATA....................................................................................................................................................................................... 95 

Scaled Accelerometer Vector  (0x80, 0x04) .............................................................................................................................. 95 

Scaled Gyro Vector  (0x80, 0x05) .............................................................................................................................................. 95 

Scaled Magnetometer Vector(0x80, 0x06) ............................................................................................................................... 96 

Scaled Ambient Pressure (0x80, 0x17) ..................................................................................................................................... 96 

Delta Theta Vector (0x80, 0x07) ............................................................................................................................................... 96 

Delta Velocity Vector (0x80, 0x08) ........................................................................................................................................... 96 

CF Orientation Matrix (0x80, 0x09) .......................................................................................................................................... 97 

CF Quaternion (0x80, 0x0A) ..................................................................................................................................................... 98 

CF Euler Angles (0x80, 0x0C) .................................................................................................................................................... 99 

CF Stabilized Mag Vector (North) (0x80, 0x10) ........................................................................................................................ 99 

CF Stabilized Accel Vector (Up) (0x80, 0x11) .......................................................................................................................... 100 

GPS Correlation Timestamp (0x80, 0x12) ............................................................................................................................... 101 

ESTIMATION FILTER DATA ................................................................................................................................................................. 102 

Estimation Filter Status (0x82, 0x10)...................................................................................................................................... 102 

GPS Timestamp (0x82, 0x11) .................................................................................................................................................. 103 

Estimated Orientation, Quaternion (0x82, 0x03) ................................................................................................................... 103 

Estimated Orientation, Matrix  (0x82, 0x04) .......................................................................................................................... 105 

Estimated Orientation, Euler Angles (0x82, 0x05) .................................................................................................................. 106 

Estimated Gyro Bias (0x82, 0x06)........................................................................................................................................... 106 

Estimated Attitude Uncertainty, Euler Angles (0x82, 0x0A) ................................................................................................... 107 

Estimated Attitude Uncertainty, Quaternion Elements (0x82, 0x12) ..................................................................................... 108 

Estimated Gyro Bias Uncertainty (0x82, 0x0B) ....................................................................................................................... 109 

Estimated Linear Acceleration (0x82, 0x0D) .......................................................................................................................... 109 

Estimated Angular Rate (0x82, 0x0E) ..................................................................................................................................... 110 

WGS84 Local Gravity Magnitude (0x82, 0x0F) ....................................................................................................................... 110 

Estimated Gravity Vector (0x82, 0x13) ................................................................................................................................... 111 

Heading Update Source State (0x82, 0x14) ............................................................................................................................ 111 

Magnetic Model Solution (0x82, 0x15) .................................................................................................................................. 112 

Pressure Altitude (0x82, 0x21) ............................................................................................................................................... 112 

MIP PACKET REFERENCE ......................................................................................................................................................... 114 

STRUCTURE .................................................................................................................................................................................... 114 

Payload Length Range ............................................................................................................................................................ 114 

Checksum Range .................................................................................................................................................................... 115 

16-bit Fletcher Checksum Algorithm (C language) ................................................................................................................. 115 

ADVANCED PROGRAMMING .................................................................................................................................................. 116 

MULTIPLE COMMANDS IN A SINGLE PACKET ......................................................................................................................................... 116 

DIRECT MODES ............................................................................................................................................................................... 117 

INTERNAL DIAGNOSTIC FUNCTIONS ..................................................................................................................................................... 117 

3DM-GX4-25 Internal Diagnostic Commands ........................................................................................................................ 117 

HANDLING HIGH RATE DATA ............................................................................................................................................................. 118 



 

 

6 
 

3DM-GX4®-25  Data Communications Protocol    

  
Runaway latency .................................................................................................................................................................... 118 

Dropped packets .................................................................................................................................................................... 118 

CREATING FIXED DATA PACKET FORMAT .............................................................................................................................................. 118 

ADVANCED PROGRAMMING MODELS .................................................................................................................................................. 120 

  



 

 

7 
 

3DM-GX4®-25  Data Communications Protocol    

  

3DM-GX4 API 
API Introduction  
The 3DM-GX4 programming interface is comprised of a compact set of setup and control commands and a very 

flexible user-configurable data output format.  The commands and data are divided into 4 command sets and 2 data 

sets corresponding to the internal architecture of the device.  The four ŎƻƳƳŀƴŘ ǎŜǘǎ Ŏƻƴǎƛǎǘ ƻŦ ŀ ǎŜǘ ƻŦ ά.ŀǎŜέ 

commands (a set that is common across many types of devices), a set of unified ά3DMέ (3D Motion) commands that 

are specific to the MicroStrain inertial product liƴŜŀ ǎŜǘ ƻŦ ά9ǎǘƛƳŀǘƛƻƴ CƛƭǘŜǊέ ŎƻƳƳŀƴŘǎ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ 

aƛŎǊƻ{ǘǊŀƛƴ ƴŀǾƛƎŀǘƛƻƴ ŀƴŘ ŀŘǾŀƴŎŜŘ !Iw{ ŘŜǾƛŎŜǎΣ ŀƴŘ ŀ ǎŜǘ ƻŦ ά{ȅǎǘŜƳέ ŎƻƳƳŀƴŘǎ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ ǎŜƴǎƻǊ 

systems comprised of more than one internal sensor block.  The data set represent the types of data that the 3DM-

GX4 ƛǎ ŎŀǇŀōƭŜ ƻŦ ǇǊƻŘǳŎƛƴƎΥ άIMUέ (Inertial Measurement Unit) ŀƴŘ άEstimation Filterέ data. 

  Base commands  Ping, Idle, Resume, Get ID Strings, etc. 
  3DM commands  Poll IMU Data, Poll GPS Data, etc. 

Estimation Filter commands Reset Estimation Filter, etc. 
System commands  Switch Communications Mode, etc. 

 
IMU data   Acceleration Vector, Gyro Vector, Euler Angles, etc. 

  Estimation Filter data  Attitude, Acceleration Estimates, etc. 
  
The protocol is packet based.  All commands, replies, and data are sent and received as fields in a message packet.  

The packets have a descriptor type field based on their contents, so it is easy to identify if a packet contains 

commands, replies, or IMU data. 
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Command and Data Summary  
Below is a summary of the commands and data available in the programming interface.  Commands and data are 

denoted by two values.  The first value denotes the άŘŜǎŎǊƛǇǘƻǊ setέ that the command or data belongs to (Base 

command, 3DM command, IMU data, or GPS data) and the second value denotes the unique command or data 

άdescriptorέ in that set. 

Commands 

Base Command Set (0x01)  

¶ Ping (0x01, 0x01) 

¶ Set To Idle (0x01, 0x02) 

¶ Get Device Information (0x01, 0x03) 

¶ Get Device Descriptor Sets (0x01, 0x04) 

¶ Device Built-In Test (BIT) (0x01, 0x05) 

¶ Resume (0x01, 0x06) 

¶ GPS Time Update (0x01, 0x72) 

¶ Device Reset (0x01, 0x7E) 

3DM Command Set (0x0C) 

¶ Poll IMU Data (0x0C, 0x01) 

¶ Poll Estimation Filter Data (0x0C, 0x03) 

¶ Get IMU Data Base Rate (0x0C, 0x06) 

¶ Get Estimation Filter Data Base Rate (0x0C, 0x0B) 

¶ IMU Message Format (0x0C, 0x08) 

¶ Estimation Filter Message Format (0x0C, 0x0A) 

¶ Enable/Disable Device Continuous Data Stream (0x0C, 0x11) 

¶ Device Startup Settings (0x0C, 0x30) 

¶ IMU Hard Iron Offset (0x0C, 0x3A) 

¶ IMU Soft Iron Matrix (0x0C, 0x3B) 

¶ Accel Bias (0x0C, 0x37) 
¶ Gyro Bias (0x0C, 0x38) 
¶ Capture Gyro Bias (0x0C, 0x39) 
¶ Coning and Sculling Enable (0x0C, 0x3E) 
¶ Change UART BAUD rate (0x0C, 0x40) 

¶ Advanced Low-Pass Filter Settings (0x0C, 0x50) 

¶ Complementary Filter Settings (0x0C, 0x51) 

¶ Device Status* (0x0C, 0x64) 
 

Estimation Filter Command Set (0x0 D) 

 

¶ Reset Filter  (0x0D, 0x01) 

¶ Set Initial Attitude  (0x0D, 0x02) 

¶ Set Initial Heading  (0x0D, 0x03) 
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¶ Set Initial Heading with Magnetometer  (0x0D, 0x04) 

¶ Tare Orientation  (0x0D, 0x21) 

¶ Sensor to Vehicle Frame Transformation  (0x0D, 0x11) 
¶ Estimation Control  (0x0D, 0x14) 

¶ Heading Update Control  (0x0D, 0x18) 

¶ Auto-Initialization Control  (0x0D, 0x19) 

¶ Gyroscope White Noise Standard Deviation  (0x0D, 0x1B) 

¶ Gyroscope Bias Model Parameters  (0x0D, 0x1D) 

¶ Enable Measurement  (0x0D, 0x41) 

¶ Accelerometer Noise  (0x0D, 0x1A) 

¶ Magnetometer Noise  (0x0D, 0x42) 

¶ Declination Source  (0x0D, 0x43) 

¶ Accel Magnitude Error Adaptive Measurement Control  (0x0D, 0x44) 

¶ Magnetometer Magnitude Error Adaptive Measurement Control (0x0D, 0x45) 

¶ Magnetometer Dip Angle Error Adaptive Measurement Control  (0x0D, 0x46) 

¶ External Heading Update  (0x0D, 0x17) 

¶ External Heading Update with Timestamp  (0x0D, 0x1F) 

¶ Angular Zero-Rate Update Control  (0x0D, 0x20) 

¶ Commanded Zero-Angular Rate Update  (0x0D, 0x23) 

¶ Set Reference Position  (0x0D, 0x26) 
 

 

System Command Set (0x7F) 

¶ Communication Mode*  (0x7F, 0x10) 

 
*Advanced Commands 
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Data 

IMU Data Set (set 0x80)  

¶ Scaled Accelerometer Vector (0x80, 0x04) 

¶ Scaled Gyro Vector (0x80, 0x05) 

¶ Scaled Magnetometer Vector (0x80, 0x06) 
¶ Scaled Ambient Pressure (0x80, 0x17) 

¶ Delta Theta Vector (0x80, 0x07) 

¶ Delta Velocity Vector (0x80, 0x08) 

¶ CF Orientation Matrix (0x80, 0x09) 
¶ CF Quaternion (0x80, 0x0A) 

¶ CF Euler Angles (0x80, 0x0C) 

¶ CF Stabilized Mag Vector (North) (0x80, 0x10) 

¶ CF Stabilized Accel Vector (Up) (0x80, 0x11) 

¶ IMU GPS Correlated Timestamp (0x80, 0x12) 
 

Filter Data Set (set 0x82)  

 

¶ Filter Status (0x82, 0x10) 

¶ Filter GPS Timestamp (0x82, 0x11) 

¶ Estimated Quaternion (0x82, 0x03) 

¶ Estimated Orientation Matrix (0x82, 0x04) 

¶ Estimated Euler Angles (0x82, 0x05) 

¶ Estimated Gyro Bias (0x82, 0x06) 

¶ Estimated Attitude Uncertainty (Euler Angles) (0x82, 0x0A) 

¶ Estimated Attitude Uncertainty (Quaternion Elements) (0x82, 0x12) 

¶ Estimated Gyro Bias Uncertainty (0x82, 0x0B) 

¶ Estimated Linear Acceleration (0x82, 0x0D) 

¶ Estimated Angular Rate (0x82, 0x0E) 

¶ WGS84 Local Gravity Magnitude (0x82, 0x0F) 

¶ Estimated Gravity Vector (0x82, 0x13) 

¶ Heading Update Source State (0x82, 0x14) 

¶ Magnetic Model Solution (0x82, 0x15) 
¶ Pressure Altitude (0x82, 0x21) 
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Basic Programming  
The 3DM-GX4-25 is designed to stream IMU and Estimation Filter data packets over a common interface as 

efficiently as possible.  To this end, programming the device consists of a configuration stage where the data 

messages and data rates are configured.  The configuration stage is followed by a data streaming stage where the 

program starts the incoming data packet stream.    

  

 

 

 

 

In this section there is an overview of the packet, an overview of command and reply packets, an overview of how 

an incoming data packet is constructed, and then an example setup command sequence that can be used directly 

with the 3DM-GX4-25 either through a COM utility or as a template for software development. 

MIP Packet Overview  
This is an overview of the 3DM-GX4-2р ǇŀŎƪŜǘ ǎǘǊǳŎǘǳǊŜΦ  ¢ƘŜ ǇŀŎƪŜǘ ǎǘǊǳŎǘǳǊŜ ǳǎŜŘ ƛǎ ǘƘŜ aƛŎǊƻ{ǘǊŀƛƴ άaLtέ ǇŀŎƪŜǘΦ  

A reference to the general packet structure is presented in the MIP Packet Reference section.  An overview of the 

packet is presented here.   

¢ƘŜ aLt ǇŀŎƪŜǘ άǿǊŀǇǇŜǊέ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ŦƻǳǊ ōȅǘŜ ƘŜŀŘŜǊ ŀƴŘ ǘǿƻ ōȅǘŜ ŎƘŜŎƪǎǳƳ ŦƻƻǘŜǊΥ 

 

 

 

 

 

 

 

Header Packet Payload Checksum 

SYNC1 
ñuò 

SYNC2 
ñeò 

Descriptor 
Set byte 

Payload 
Length byte 

Field Length 
byte 

Field Descriptor 
byte 

Field Data MSB LSB 

0x75 0x65 0x80 0x0E 0x0E 0x03 0x3E 7A 63 A0 
0xBB 8E 3B 29 
0x7F E5 BF 7F 

0x83 0xE1 

 

GX4-25 

 

GX4-45 

IMU 
 

Payload Length byte.  This specifies the length of the 
packet payload.  The packet payload may contain one or 
more fields and thus this byte also represents the sum of 
the lengths of all the fields in the payload. 

 

 
 

 

Payload Length byte.  This specifies the length of the 
packet payload.  The packet payload may contain one 
or more fields and thus this byte also represents the 
sum of the lengths of all the fields in 

Descriptor Set.  Descriptors are grouped into different 
sets.  The value 0x80 identifies this packet as an AHRS 
data packet.  Fields in this packet will be from the AHRS 
data descriptor set. 

 

 
 

 

Descriptor Set.  Descriptors are grouped into different 
sets.  The value 0x80 identifies this packet as an IMU 
data packet.  Fields in this packet will be from the IMU 
data de 

3ÔÁÒÔ ÏÆ 0ÁÃËÅÔ ɉ3/0Ɋ ȰÓÙÎÃȱ ÂÙÔÅÓȢ  4ÈÅÓÅ ÁÒÅ ÔÈÅ ÓÁÍÅ 
for every MIP packet and are used to identify the start of 
the packet. 

 

 
 

 

 2 byte Fletcher checksum of all the bytes in the packet. 
 

 

 

Extended 

Kalman 

Filter 
 

Cmd/Reply Packets 
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The packet payload section contains one or more fields.  Fields have a length byte, descriptor byte, and data.  The  

diagram below shows a packet payload with a single field.   

 

 

 

 

 

 

 

 

 

 

Below is an example of a packet payload with two fields (gyro vector and mag vector).  Note the payload length byte 

of 0x1C which is the sum of the two field length bytes 0x0E + 0x0E:  

Header Packet Payload Checksum 

SYNC1 
ñuò 

SYNC2 
ñeò 

Descriptor 
Set byte 

Payload 
Length byte 

Field Length 
byte 

Field Descriptor 
byte 

Field Data MSB LSB 

0x75 0x65 0x80 0x0E 0x0E 0x06 0x3E 7A 63 A0 
0xBB 8E 3B 29 
0x7F E5 BF 7F 

0x86 0x08 

Header Packet Payload (2 fields) Checksum 

SYNC1 
άǳέ 

SYNC2 
άŜέ 

Descript
or Set  

Payload 
Length  

Field1 
Len 

Field1 
Descriptor 

Field1 Data Field2 
Len 

Field2 
Descriptor 

Field2 Data MSB LSB 

0x75 0x65 0x80 0x1C 0x0E 0x05 0x3E 7A 63 A0 
0xBB 8E 3B 29 
0x7F E5 BF 7F 

0x0E 0x06 0x3E 7A 63 A0 
0xBB 8E 3B 29 
0x7F E5 BF 7F 

0xB1 0x1E 

Field Length byte.  This represents a count of all 
the bytes in the field including the length byte, 
descriptor byte and field data.  

 
 

 

 

Field Length byte.  This represents a count of 
all the bytes in the field including the length 
byte, descriptor byte and 

Descriptor byte.  This byte identifies the contents 
of the field data.  This descriptor indicates that the 
data is a mag vector (set: 0x80, descriptor: 0x06) 

 

 
 

 

Descriptor byte.  This byte identifies the 
contents of the field data.  This descriptor 
indicates that the data is a mag vector (set: 
0x80, des 

Field data.  The length of the data is Field Length ς 
2.  This data is 12 bytes long (14 ς 2) and 
represents the floating point magnetometer 
vector value from the AHRS data set. 

 

) 

 

Field data.  The length of the data is Field 
Length ï 2.  This data is 12 bytes long (14 ï 2) 
and represents the floating point 
magnetometer vector value from the  
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Command Overview  
The basic command sequence begins with the host sending a command to the device.  A command packet contains 

a field with the command value and any command arguments.    

The device responds by sending a reply packet.  The reply contains at minimum an ACK/NACK field.  If any additional 

data is included in a reply, it appears as a second field in the packet.   

%ØÁÍÐÌÅ Ȱ0ÉÎÇȱ #ÏÍÍÁÎÄ 0ÁÃËÅÔȡ 

.Ŝƭƻǿ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀ άtƛƴƎέ ŎƻƳƳŀƴŘ ǇŀŎƪŜǘ ŦǊƻƳ ǘƘŜ .ŀǎŜ ŎƻƳƳŀƴŘ ǎŜǘΦ  ! άtƛƴƎέ ŎƻƳƳŀƴŘ Ƙŀǎ ƴƻ 

arguments.  Its function is to determine if a device is present and responsive: 

Copy-Paste version: ñ7565 0102 0201 E0C6ò 
 

¢ƘŜ ǇŀŎƪŜǘ ƘŜŀŘŜǊ Ƙŀǎ ǘƘŜ άǳŜέ ǎǘŀǊǘƛƴƎ ǎȅƴŎ ōȅǘŜǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ŀƭƭ MIP packets.  The descriptor set byte (0x01) 

identifies the data as being from the Base command set.  The length of the payload portion is 2 bytes.  The payload 

portion of the packet consists of one field.  The field starts with the length of the field which is followed by the 

descriptor byte (0x01) of the field.  The field descriptor value is the command value.  Here the descriptor identifies 

the ŎƻƳƳŀƴŘ ŀǎ ǘƘŜ άtƛƴƎέ ŎƻƳƳŀƴŘ ŦǊƻƳ ǘƘŜ .ŀǎŜ ŎƻƳƳŀƴŘ ŘŜǎŎǊƛǇǘƻǊ ǎŜǘΦ  ¢ƘŜǊŜ ŀǊŜ ƴƻ ǇŀǊŀƳŜǘŜǊǎ ŀǎǎƻŎƛŀǘŜŘ 

with the ping command, so the field data is empty. The checksum is a two byte Fletcher checksum (see the MIP 

Packet Reference for instructions on how to compute a Fletcher two byte checksum). 

%ØÁÍÐÌÅ Ȱ0ÉÎÇȱ 2ÅÐÌÙ 0ÁÃËÅt: 

¢ƘŜ άtƛƴƎέ ŎƻƳƳŀƴŘ ǿƛƭƭ ƎŜƴŜǊŀǘŜ ŀ ǊŜǇƭȅ ǇŀŎƪŜǘ ŦǊƻƳ ǘƘŜ ŘŜǾƛŎŜΦ  ¢ƘŜ ǊŜǇƭȅ ǇŀŎƪŜǘ ǿƛƭƭ Ŏƻƴǘŀƛƴ ŀƴ !/Yκb!/Y ŦƛŜƭŘΦ  

The ACK/NACK field Ŏƻƴǘŀƛƴǎ ŀƴ άŜŎƘƻέ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘ ōȅǘŜ Ǉƭǳǎ ŀƴ ŜǊǊƻǊ ŎƻŘŜΦ   !ƴ ŜǊǊƻǊ ŎƻŘŜ ƻŦ л ƛǎ ŀƴ ά!/Yέ ŀƴŘ 

a non-zero error code ƛǎ ŀ άb!/YέΥ 

Copy-Paste version: ñ7565 0104 04F1 0100 D56Aò 
 

¢ƘŜ ǇŀŎƪŜǘ ƘŜŀŘŜǊ Ƙŀǎ ǘƘŜ άǳŜέ ǎǘŀǊǘƛƴƎ ǎȅƴŎ ōȅǘŜǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ŀƭƭ MIP packets.  The descriptor set byte (0x01) 

identifies the payload fields as being from the Base command set.  The length of the payload portion is 4 bytes.  The 

payload portion of the packet consists of one field.  The field starts with the length of the field which is followed by 

the descriptor byte (0xF1) of the field.  The field descriptor bȅǘŜ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ǊŜǇƭȅ ŀǎ ǘƘŜ ά!/Yκb!/Yέ ŦǊƻƳ ǘƘŜ 

.ŀǎŜ ŎƻƳƳŀƴŘ ŘŜǎŎǊƛǇǘƻǊ ǎŜǘΦ  ¢ƘŜ ŦƛŜƭŘ Řŀǘŀ Ŏƻƴǎƛǎǘǎ ƻŦ ŀƴ άŜŎƘƻέ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎƻƳƳŀƴŘ όлȄлмύ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ 

error code for the command (0x00).  In this case the error is zero, so the field representǎ ŀƴ ά!/YέΦ  Some examples 

Header Packet Payload Checksum 

SYNC1 
ñuò 

SYNC2 
ñeò 

Descriptor 
Set byte 

Payload 
Length byte 

Field Length 
byte 

Field Descriptor 
byte 

Field Data MSB LSB 

0x75 0x65 0x01 0x02 0x02 0x01 N/A 0xE0 0xC6 

Header Packet Payload Checksum 

SYNC1 
ñuò 

SYNC2 
ñeò 

Descriptor 
Set byte 

Payload 
Length byte 

Field Length 
byte 

Field Descriptor 
byte 

Field Data: 2 bytes MSB LSB 

0x75 0x65 0x01 0x04 0x04 0xF1 Command echo: 0x01 
Error code: 0x00 

0xD5 0x6A 
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of non-zero ŜǊǊƻǊ ŎƻŘŜǎ ǘƘŀǘ ƳƛƎƘǘ ōŜ ǎŜƴǘ ŀǊŜ άǘƛƳŜƻǳǘέΣ άƴƻǘ ƛƳǇƭŜƳŜƴǘŜŘέΣ ŀƴŘ άƛƴǾŀƭƛŘ ǇŀǊŀƳŜǘŜǊ ƛƴ ŎƻƳƳŀƴŘέ.   

The checksum is a two byte Fletcher checksum (see the MIP Packet Reference for instructions on how to compute a 

Fletcher two byte checksum). 

 
The ACK/NACK descriptor value (0xF1) is the same in all descriptor sets.  The value belongs to a set of reserved global 
descriptor values. 
 
The reply packet may have additional fields that contain information in reply to the command.  For example, 

requesting Device Status will result in a reply packet that contains two fields in the packet payload: an ACK/NACK 

field and a device status information field. 

 

Data Overview  
Data packets are generated by the device.  When the device is powered up, it may be configured to immediately 

ǎǘǊŜŀƳ Řŀǘŀ ǇŀŎƪŜǘǎ ƻǳǘ ǘƻ ǘƘŜ Ƙƻǎǘ ƻǊ ƛǘ Ƴŀȅ ōŜ άƛŘƭŜέ ŀƴŘ ǿŀƛǘƛƴƎ ŦƻǊ ŀ ŎƻƳƳŀƴŘ ǘƻ ŜƛǘƘŜǊ ǎǘŀǊǘ Ŏƻƴǘƛƴǳƻǳǎ Řŀǘŀ ƻǊ 

ǘƻ ƎŜǘ Řŀǘŀ ōȅ άǇƻƭƭƛƴƎέ όƻƴŜ Řŀǘŀ ǇŀŎƪŜǘ ǇŜǊ ǊŜǉǳŜǎǘύΦ  9ƛǘƘŜǊ ǿŀȅΣ ǘƘŜ Řŀǘŀ ǇŀŎƪŜǘ ƛǎ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƘŜ ŘŜǾƛŎŜ ƛƴ ǘƘŜ 

same way.   

Example Data Packet: 

Below is an example of a MIP data packet which has one field that contains the scaled accelerometer vector. 
 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴΥ άтрср улл9 л9лп о9т! со!л ..у9 о.нф тC9р .CтC фн/лέ 
 

¢ƘŜ ǇŀŎƪŜǘ ƘŜŀŘŜǊ Ƙŀǎ ǘƘŜ άǳŜέ ǎǘŀǊǘƛƴƎ ǎȅƴŎ ōȅǘŜǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ŀƭƭ aLt ǇŀŎƪŜǘǎΦ  ¢ƘŜ ŘŜǎŎǊƛǇǘƻǊ ǎŜǘ ōȅǘŜ όлȄулύ 

identifies the payload field as being from the IMU data set.  The length of the packet payload portion is 14 bytes 

(0x0E).  The payload portion of the packet starts with the length of the field.  The field descriptor byte (0x04) 

identifies the field data as the scaled accelerometer vector from the IMU data descriptor set.  The field data itself is 

three single precision floating point values of 4 bytes each (total of 12 bytes) representing the X, Y, and Z axis values 

of the vector.  The checksum is a two byte Fletcher checksum (see the MIP Packet Reference for instructions on how 

to compute a Fletcher two byte checksum). 

 
The format of the field data is fully and unambiguously specified by the descriptor.  In this example, the field 

descriptor (0x04) specifies that the field data holds an array of three single precision IEEE-754 floating point 

numbers in big-ŜƴŘƛŀƴ ōȅǘŜ ƻǊŘŜǊ ŀƴŘ ǘƘŀǘ ǘƘŜ ǾŀƭǳŜǎ ǊŜǇǊŜǎŜƴǘ ǳƴƛǘǎ ƻŦ άƎΩǎέ ŀƴŘ ǘƘŜ ƻǊŘŜǊ ƻŦ ǘƘŜ ǾŀƭǳŜǎ ƛǎ ·Σ ¸Σ ½ 

vector order.  Any other specification would require a different descriptor (see the Data Reference section of this 

manual). 

Header Packet Payload Checksum 

SYNC1 
ñuò 

SYNC2 
ñeò 

Descriptor 
Set byte 

Payload 
Length byte 

Field Length 
byte 

Field Descriptor 
byte 

Field Data: Accel vector 
(12 bytes, 3 float ï X, Y, Z) 

MSB LSB 

0x75 0x65 0x80 0x0E 0x0E 0x04 0x3E 7A 63 A0 
0xBB 8E 3B 29 
0x7F E5 BF 7F 

0x92 0xC0 
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Each packet can contain any combination of data quantities from the same data descriptor set (any combination of 
IMU data OR and combination of Estimation Filter dataς you cannot combine IMU data and Estimation Filter data in 
the same packet).   
 
Data polling commands generate two individual reply packets: An ACK/NACK packet and a data packet.  
Enable/Disable continuous data commands generate an ACK/NACK packet followed by the continuous stream of 
data packets. 
 
The IMU and Estimation Filter data packets can be set up so that each data quantity is sent at a different rate.  For 
example, you can setup continuous data to send the accelerometer vector at 100Hz and the magnetometer vector at 
5Hz.   This means that packets will be sent at 100Hz and each one will have the accelerometer vector but only every 
20th packet will have the magnetometer vector.  This helps reduce bandwidth and buffering requirements.  An 
example of this is given in the IMU Message Format command. 
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Example Setup Sequence 

Setup involves a series of command/reply pairs. The example below demonstrates actual setup sequences that you 

can send directly to the 3DM-GX4-25 either programmatically or by using a COM utility.  In most cases only minor 

alterations will be needed to adapt these examples for your application. 

Continuous Data Example Command Sequence 

Most applications will operate with the 3DM-GX4-25 sending a continuous data stream.  In the following example, 

the IMU data format is set, followed by the Estimation Filter data format.  To reduce the amount of streaming data, 

if present during the configuration, the device is placed into the idle state while performing the device initialization; 

when configuration is complete, the required data streams are enabled to bring the device out of idle mode.  Finally, 

the configuration is saved so that it will be loaded on subsequent power-ups, eliminating the need to perform the 

configuration again. 

Step 1: Put the Device in Idle Mode (Disabling the IMUand Estimation Filter data -streams)  

{ŜƴŘ ǘƘŜ άSet To Idleέ ŎƻƳƳŀƴŘ ǘƻ Ǉǳǘ ǘƘŜ ŘŜǾƛŎŜ ƛƴ ǘƘŜ ƛŘƭŜ ǎǘŀǘŜ όǊŜǇƭȅ ƛǎ !/Yκb!/YύΦ  This is not required but 

reduces the parsing burden during initialization and makes visual confirmation of the commands easier: 

 

Step 1 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Cmd 
Desc. 

Field  
Data 

MSB LSB 

Command 
Set to Idle 

0x75 0x65 0x01 0x02 0x02 0x02 N/A 0xE1 0xC7 

Reply  
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Cmd echo: 0x02 
Error code: 0x00 

0xD6 0x6C 

Copy-Paste version of the command:  ñ7565 0102 0202 E1C7ò 

 

Step 2: Configure the IMU data-stream format  

{ŜƴŘ ŀ άSet IMU Message Formatέ ŎƻƳƳŀƴŘ όǊŜǇƭȅ ƛǎ !/Yκb!/YύΦ  ¢Ƙƛǎ ŜȄŀƳǇƭŜ ǊŜǉǳŜǎǘǎ ǎŎŀƭŜŘ ƎȅǊƻΣ ǎŎŀƭŜŘ 

accelerometer, and GPS Correlation Timestamp information at 1000 Hz (1000Hz base rate, with a rate decimation of 

1 on the 3DM-GX4-25 = 1000 Hz.)  This will result in a single IMU data packet sent at 1000 Hz containing the scaled 

gyro field followed by the scaled accelerometer field followed by the IMU GPS Correlation Timestamp.  This is a very 

typical configuration for a base level of inertial data.  If different rates were requested, then each packet would only 

contain the data quantities that fall in the same decimation frame (see the Multiple Rate Data section).  If the 

stream was not disabled in the previous step, the IMU data would begin stream immediately.   

Please note, this command will not append the requested descriptors to the current IMU data-stream configuration, 

it will overwrite it completely. 
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Step 2 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Cmd 
Desc. 

Field  
Data 

MSB LSB 

Command 
New IMU  
   Message Format 

0x75 0x65 0x0C 0x0D 0x0D 0x08 Function: 0x01 
Desc count: 0x03 

1st Descriptor: 
0x04 
Rate Dec: 0x0001 

2nd 
Descriptor:0x05 
Rate Dec: 0x0001 

3rd 
Descriptor:0x12 
Rate Dec: 0x0001 

0x2A 0x35 

Reply  
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Cmd echo: 0x08 
Error code: 0x00 

0xE7 0xBA 

Copy-Paste version of the command:  ñ7565 0C0D 0D08 0103 0400 0105 00011200 012A 35ò 

 

Step 3: Configure the Estimation Filter data -stream format  

The following configuration command requests the Estimated Euler Angle, Estimated Linear Acceleration, and 

Estimated Angular Rate 100 Hz (500Hz base rate, with a rate decimation of 5 = 100 Hz.)  This will result in a single 

Estimation Filter packet sent at 100 Hz containing the requested fields in the requested order.  If different rates 

were requested, the each packet would only contain the data quantities that fall in the same data rate frame (see 

the Multiple Rate Data section).  If the stream was not disabled in the previous step, the Estimation Filter data would 

begin stream immediately.   

Please note, this command will not append the requested descriptors to the current Estimation Filter data-stream 

configuration, it will overwrite it completely. 

 

Step 3 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Cmd 
Desc. 

Field  
Data 

MSB LSB 

Command 
New Estimation 
   Filter Message  
   Format 

0x75 0x65 0x0C 0x10 0x10 0x0A Function: 0x01 
Desc Count: 0x03 
 
EF Euler: 0x05 
Rate dec: 0x0005 
 
EF Accel: 0x0D 
Rate dec: 0x0005 
 
EF Ang Rate: 0x0E 
Rate dec: 0x0005 

0x3F 0x31 

Reply  
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Cmd echo: 0x0A 
Error code: 0x00 

0xE9 0xBE 

Copy-Paste version of the command:  ñ7565 0C0D 0D0A 0103 0500 050D 0005 0E00 053D AAò 
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Step 4: Save the IMU and Estimation Filter  MIP Message format 

¢ƻ ǎŀǾŜ ǘƘŜ La¦ ŀƴŘ 9ǎǘƛƳŀǘƛƻƴ CƛƭǘŜǊ aLt aŜǎǎŀƎŜ ŦƻǊƳŀǘΣ ǳǎŜ ǘƘŜ ά{ŀǾŜέ ŦǳƴŎǘƛƻƴ ǎŜƭŜŎǘƻǊ όлȄлоύ ƛƴ ǘƘŜ La¦ ŀƴŘ 

9ǎǘƛƳŀǘƛƻƴ CƛƭǘŜǊ aŜǎǎŀƎŜ CƻǊƳŀǘ ŎƻƳƳŀƴŘǎΦ  .Ŝƭƻǿ ǿŜΩǾŜ ŎƻƳōƛƴŜŘ ǘƘŜ ǘǿƻ ŎƻƳƳŀƴŘǎ as two fields in the same 

packet.  Notice that the two reply ACKs comes in one packet also.  Alternatively, they could be sent as separate 

packets. 

 

Step 4 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Cmd 
Desc. 

Field  
Data 

MSB LSB 

Command field 1 
  Save Current IMU 
Message Format 

0x75 0x65 0x0C 0x08 0x04 0x08 Function: 0x03 
Desc count: 0x00 

  

Command field 2 
  Save Current 
Estimation Filter 
Message Format 

    0x04 0x0A Function: 0x03 
Desc count: 0x00 

0x0E 0x31 

Reply field 1 
   ACK/NACK 

0x75 0x65 0x0C 0x08 0x04 0xF1 Cmd echo: 0x08 
Error code: 0x00 

  

Reply field 2 
  ACK/NACK 

    0x04 0xF1 Cmd echo: 0x0A 
Error code: 0x00 

0xEA 0x71 

Copy-Paste version of the command:  ñ7565 0C08 0408 0300 040A 0300 0E31ò 

 

Step 5: Enable the IMU and Estimation Filter data-streams 

{ŜƴŘ ŀƴ άEnable/Disable Continuous Streamέ ŎƻƳƳŀƴŘ ǘƻ ŜƴŀōƭŜ ǘƘŜ La¦ ŀƴŘ 9ǎǘƛƳŀǘƛƻƴ CƛƭǘŜǊ Ŏƻƴǘƛƴǳƻǳǎ ǎǘǊŜŀƳǎ 

(reply is ACK).  These streams may have already been enabled by default; this step is to confirm they are enabled.  

These streams will begin streaming data immediately.   

Step 5 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Cmd 
Desc. 

Field  
Data 

MSB LSB 

Command field 1 
Enable Continuous 
IMU Message 

0x75 0x65 0x0C 0x0A 0x05 0x11 Fctn: 0x01 
IMU: 0x01 
ON: 0x01 

  

Command field 2 
Enable Continuous 
Estimation Filter 
Message 

    0x05 0x11 Fctn: 0x01 

Estimation Filter: 
0x03 
ON: 0x01 

0x24 0xCC 

Reply field 1 
   ACK/NACK 

0x75 0x65 0x0C 0x08 0x04 0xF1 Cmd echo: 0x11 
Error code: 0x00 
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Reply field 2 
  ACK/NACK 

    0x04 0xF1 Cmd echo: 0x11 
Error code: 0x00 

0xFA 0xB5 

Copy-Paste version of the command:  ñ7565 0C0A 0511 0101 0105 1101 0301 24 CCò 

 

Step 6 (Optional): Resume the Device  

{ŜƴŘƛƴƎ ǘƘŜ άResumeέ ŎƻƳƳŀƴŘ ƛǎ ŀƴƻǘƘŜǊ ƳŜǘƘƻŘ ƻŦ ǊŜ-enabling transmission of enabled data streams (reply is 

ACK/NACK).   

 

Step 6 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Cmd 
Desc. 

Field  
Data 

MSB LSB 

Command 
Resume 

0x75 0x65 0x01 0x02 0x02 0x06 N/A 0xE5 0xCB 

Reply  
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Cmd echo: 0x06 
Error code: 0x00 

0xDA 0x74 

Copy-Paste version of the command:  ñ7565 0102 0206 E5CBò 
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Polling Data Example Sequence 

Polling for data is less efficient than processing a continuous data stream, but may be more appropriate for certain 

applications.  The main difference from the continuous data example is the inclusion of the Poll data commands in 

the data loop: 

Step 1: Put the Device in Idle Mode (Disabling the IMU, GPS, and Estimation Filter data-streams)  

Same as continuous streaming.  See above. 

Step 2: Configure the IMU data-stream format  

Same as continuous streaming.  See above. 

Step 3: Configure the Estimation Filter data -stream format  

Same as continuous streaming.  See above. 

Step 4: Save the IMU and Estimation Filter  MIP Message format 

Same as continuous streaming.  See above. 

Step 5: Resume the Device  

Same as continuous streaming step 6.  See above. 

Step 6: Send individual data polling commands  

Send individual Poll IMU Data and Poll Estimation Filter Data commands in your data collection loop.  After the 

ACK/NACK is sent by the device, a single data packet will be sent according to the settings in the previous steps.  

Note that the ACK/NACK has the same descriptor set value as the command, but the data packet has the descriptor 

set value for the type of data (IMU or Estimation Filter): 

 

Step 7 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Cmd 
Desc. 

Field  
Data 

MSB LSB 

Command 
   Poll IMU Data 

0x75 0x65 0x0C 0x04 0x04 0x01 Option: 0x00 
Desc Count: 0x00 

0xEF 0xDA 

Reply  
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Cmd echo: 0x01 
Error code: 0x00 

0xE0 0xAC 

IMU Data Packet  
field 1 (Gyro Vector) 

0x75 0x65 0x80 0x1C 0x0E 0x04 0x3E 7A 63 A0 
0xBB 8E 3B 29 
0x7F E5 BF 7F 

  

IMU Data Packet  
field 2(Accel Vector) 

    0x0E 0x03 0x3E 7A 63 A0 
0xBB 8E 3B 29 
0x7F E5 BF 7F 

0xAD 0xDC 

Copy-Paste version of the command:  άтрср л/лп лплм лллл9C 5!έ 
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You may specify the format of the data packet on a per-polling-command basis rather than using the pre-set data 
format (see the Poll IMU Data and Poll Estimation Filter Data sections) 
 
The polling command has an option to suppress the ACK/NACK in order to keep the incoming stream clear of 
anything except data packets.  Set the option byte to 0x01 for this feature. 
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Parsing Incoming Packets  
Setup is usually the easy part of programming the 3DM-GX4-25.  Once you start continuous data streaming, parsing 

and processing the incoming data packet stream will become the primary focus.  The stream of data from the IMU 

and Kalman Filter (Estimation Filter) are usually the dominant source of data since they come in the fastest.  Polling 

for data may seem to be a logical solution to controlling the data flow, and this may be appropriate for some 

applications, but if your application requires the precise delivery of inertial data, it is often necessary to have the 

data stream drive the process rather than having the host try to control the data stream through polling. 

 

 

 

 

 

 

¢ƘŜ άŘŜǎŎǊƛǇǘƻǊ ǎŜǘέ ǉǳŀƭƛŦƛŜǊ ƛƴ ǘƘŜ aLt ǇŀŎƪŜǘ ƘŜŀŘŜǊ ƛǎ ŀ feature that greatly aids the management of the 

incoming packet stream by making it easy to sort the packets into logical sub-streams and route those streams to 

appropriate handlers.  The first step is to parse the incoming character stream into packets. 

It is important to take an organized approach to parsing continuous data.  The basic strategy is this: parse the 

ƛƴŎƻƳƛƴƎ ǎǘǊŜŀƳ ƻŦ ŎƘŀǊŀŎǘŜǊǎ ŦƻǊ ǘƘŜ ǇŀŎƪŜǘ ǎǘŀǊǘƛƴƎ ǎŜǉǳŜƴŎŜ άǳŜέ ŀƴŘ ǘƘŜƴ ǿŀƛǘ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ǇŀŎƪŜǘ ǘƻ ŎƻƳŜ ƛƴ 

based on the packet length byǘŜ ǿƘƛŎƘ ŀǊǊƛǾŜǎ ŀŦǘŜǊ ǘƘŜ άǳŜέ ŀƴŘ ŘŜǎŎǊƛǇǘƻǊ ǎŜǘ ōȅǘŜΦ  aŀƪŜ ǎǳǊŜ ȅƻǳ ƘŀǾŜ ŀ ǘƛƳŜƻǳǘ 

ƻƴ ȅƻǳǊ ǿŀƛǘ ƭƻƻǇ ƛƴ ŎŀǎŜ ȅƻǳǊ ǎǘǊŜŀƳ ƛǎ ƻǳǘ ƻŦ ǎȅƴŎ ŀƴŘ ǘƘŜ ǎǘŀǊǘƛƴƎ άǳŜέ ǎŜǉǳŜƴŎŜ ǿƛƴŘǎ ǳǇ ōŜƛƴƎ ŀ άƎƘƻǎǘέ 

sequence.  If you timeout, restart the parsing with the firsǘ ŎƘŀǊŀŎǘŜǊ ŀŦǘŜǊ ǘƘŜ ƎƘƻǎǘ άǳŜέΦ  hƴŎŜ ǘƘŜ ǎǘǊŜŀƳ ƛǎ ƛƴ 

sync, it is rare that you will hit a timeout unless you have an unreliable communications link.  After verifying the 

ŎƘŜŎƪǎǳƳΣ ŜȄŀƳƛƴŜ ǘƘŜ άŘŜǎŎǊƛǇǘƻǊ ǎŜǘέ ŦƛŜƭŘ ƛƴ ǘƘŜ ƘŜŀŘŜǊ ƻŦ ǘƘŜ ǇŀŎƪŜǘΦ  ¢Ƙƛǎ ǘŜlls you immediately how to handle 

the packet.   

Based on the value of the descriptor set field in the packet header, pass the packet to either a command handler (if 

it is a Base command or 3DM command descriptor set) or a data handler (if it is an IMU or Estimation Filter data set).   

Since you know beforehand that the IMU and Estimation Filter data packets will be coming in fastest, you can tune 

your code to buffer or handle these packets at a high priority.  Again, you can tune your code to buffer or handle 

these slower packets appropriately.  Replies to commands generally happen sequentially after a command so the 

incidence of these is under program control. 

For multithreaded applications, it is often useful to use queues to buffer packets bound for different packet handler 

threads.  The depth of the queue can be tuned so that no packets are dropped while waiting for their associated 

threads to process the packets in the queue.  See Advanced Programming Models section for more information on 

this topic. 

 

GX4-25 

IMU 
 

Extended 

Kalman 

Filter 
 

Data Packets 



 

 

23 
 

3DM-GX4®-25  Data Communications Protocol    

  
Once you have sorted the different packets and sent them to the proper packet handler, the packet handler may 

parse the packet payload fields and handle each of the fields as appropriate for the application.  For simple 

applications, it is perfectly acceptable to have a single handler for all packet types.  Likewise, it is perfectly 

acceptable for a single parser to handle both the packet type and the fields in the packet.  The ability to sort the 

packets by type is just an option that simplifies the implementation of more sophisticated applications.   

Multiple Rate Data  
The message format commands (IMU Message Format and Estimation Filter Message Format) allow you to set 

different data rates for different data quantities.  This is a very useful feature especially for IMU data because some 

data, such as accelerometer and gyroscope data, usually requires higher data rates (>100Hz) than other IMU data 

such as Magnetometer (20Hz typical) data.  The ability to send data at different rates reduces the parsing load on 

the user program and decreases the bandwidth requirements of the communications channel.   

Multiple rate data is scheduled on a common sampling rate clock.  This means that if there is more than one data 

rate scheduled, the schedules coincide periodically.  For example, if you request Accelerometer data at 100Hz and 

Magnetometer data at 50Hz, the magnetometer schedule coincides with the Accelerometer schedule 50% of the 

time.  When the schedules coincide, then the two data quantities are delivered in the same packet.  In other words, 

in this example, you will receive data packets at 100Hz and every packet will have an accelerometer data field and 

EVERY OTHER packet will also include a magnetometer data field: 

Packet 1 Packet 2 Packet 3 Packet 4 Packet 5 Packet 6 Packet 7 Packet 8 é. 

Accel Accel 
Mag 

Accel Accel 
Mag 

Accel Accel 
Mag 

Accel Accel 
Mag 

Accel 

 

If a timestamp is included at 100Hz, then the timestamp will also be included in every packet in this example.  It is 

important to note that the data in a packet with a timestamp is always synchronous with the timestamp.  This 

assures that multiple rate data is always synchronous. 

Packet 1 Packet 2 Packet 3 Packet 4 Packet 5 Packet 6 é. 

Accel 
Timestamp 

Accel 
Mag 

Timestamp 

Accel 
Timestamp 

Accel 
Mag 

Timestamp 

Accel 
Timestamp 

Accel 
Mag 

Timestamp 

Accel 
Timestamp 
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Data Synchronicity  
Because the MIP packet allows multiple data fields to be in a single packet, it may be assumed that a single 

timestamp field in the packet applies to all the data in the packet.  In other words, it may be assumed that all the 

data fields in the packet were sampled at the same time.  

IMU and Estimation Filter data are generated independently by three systems with different clocks.  The importance 

of time is different in each system and the data they produce.  The IMU data requires precise microsecond 

resolution and perfectly regular intervals in its timestamps.  The Kalman Filter resides on a separate processor and 

must derive its timing information from the IMU data. 

The time base difference is one of the factors that necessitate separation of the IMU and Estimation Filter data into 

separate packets. Conversely, the common time base of the different data quantities within one system is what 

allows grouping multiple data quantities into a single packet with a common timestamp.  In other words, IMU data is 

always grouped with a timestamp generated from the IMU time base, and Estimatiopn Filter data is always grouped 

with a timestamp from the Estimation Filter time base, etc. 

All data streams (IMU and Estimation Filter) on the 3DM-GX4-2р ƻǳǘǇǳǘ ŀ άDt{ ¢ƛƳŜέ-formatted timestamp.  This 

allows a precise common time base for all data.  Due to the differences in clocks on each device, the period between 

two consecutive timestamp values may not be constant; this occurs because periodic corrections are applied to the 

IMU and Estimation Filter timestamps when the GPS Time Update Command is applied. 
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Communications Bandwidth Management  
Because of the large amount and variety of data that is available from the 3DM-GX4-25, it is quite easy to overdrive 

the bandwidth of the communications channel.  This can result in dropped packets.  The 3DM-GX4-25 does not do 

analysis of the bandwidth requirements for any given output data configuration, it will simply drop a packet if its 

internal serial buffer is being filled faster than it is being emptied.  It is up to the programmer to analyze the size of 

the data packets requested and the available bandwidth of the communications channel.  Often the best way to 

determine this is empirically by trying different settings and watching for dropped packets.  Below are some 

guidelines on how to determine maximum bandwidth for your application. 

UART Bandwidth Calculation  

Below is an equation for the maximum theoretical UART BAUD rate for a given message configuration.   Although it 

is possible to calculate the approximate bandwidth required for a given setup, there is no guarantee that the system 

can support that setup due to internal processing delays.  The best approach is to try a setting based on an initial 

estimate and watch for dropped packets.  If there are dropped packets, increase the BAUD rate, reduce the data 

rate, or decrease the size or number of packets. 

 

Where 

 
which becomes 

 
 

Example: 

For an IMU message format of Accelerometer Vector (14 byte data field) + Internal Timestamp (6 byte data field), 
both at 100 Hz, the theoretical minimum BAUD rate would be: 
 

 
In practice, if you set the BAUD rate to 115200 the packets come through without any packet drops.  If you set the 
BAUD rate to the next available lower rate of 19200, which is lower than the calculated minimum, you get regular 
packet drops.   The only way to determine a packet drop is by observing a timestamp in sequential packets.   The 
interval should not change from packet to packet.  If it does change then packets were dropped.   
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USB vs. UART  

The 3DM-GX4-25 has a dual communication interface: USB or UART. There is an important difference between USB 

ŀƴŘ ¦!w¢ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ Řŀǘŀ ōŀƴŘǿƛŘǘƘΦ ¢ƘŜ ¦{. άǾƛǊǘǳŀƭ /ha ǇƻǊǘέ ǘƘŀǘ ǘƘŜ о5a-GX4-25 

implements runs at ¦{. άŦǳƭƭ-ǎǇŜŜŘέ ǎŜǘǘƛƴƎ ƻŦ мнaōǎ όƳŜƎŀōƛǘǎ ǇŜǊ ǎŜŎƻƴŘύΦ IƻǿŜǾŜǊΣ ¦{. ƛǎ ŀ ǇƻƭƭŜŘ ƳŀǎǘŜǊ-slave 

system and so the slave (3DM-GX4-25) can only communicate when polled by the master. This results in inconsistent 

data streaming ς that is, the data comes in spurts rather than at a constant rate and, although rare, sometimes data 

can be dropped if the host processor fails to poll the USB device in a timely manner.  

With the UART the opposite is true. The 3DM-GX4-25 operates without UART handshaking which means it streams 

data out at a very consistent rate without stopping. Since the host processor has no handshake method of pausing 

the stream, it must instead make sure that it can process the incoming packet stream non-stop without dropping 

packets.  

In practice, USB and UART communications behave similarly on a Windows based PC, however, UART is the 

preferred communications system if consistent, deterministic communications timing behavior is required. USB is 

preferred if you require more data than is possible over the UART and you can tolerate the possibility of variable 

latency in the data delivery and very occasional packet drops due to host system delays in servicing the USB port. 

 

  



 

 

27 
 

3DM-GX4®-25  Data Communications Protocol    

  

Command Reference 

Base Commands 
The Base command set is common to many MicroStrain devices.  With the Base command set it is possible to 

identify many properties and do basic functions on a device even if you do not recognize its specialized functionality 

or data.  The commands work the same way on all devices that implement this set. 

Ping (0x01 , 0x01)  

Description {ŜƴŘ ŀ άtƛƴƎέ ŎƻƳƳŀƴŘ 

Notes Device responds with ACK/NACK packet if present. 

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x01 N/A 

Reply 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, non-zero:NACK) 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
   Ping 

0x75 0x65 0x01 0x02 0x02 0x01  0xE0 0xC6 

Reply 
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Command echo: 
0x01 

Error code: 0x00 

0xD5 0x6A 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0102 0201 E0C6έ 
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Set To Idle (0x01 , 0x02)  

Description Place device into idle mode. 

Notes 

Command has no parameters.  Device responds with ACK if successfully placed in idle 
mode.  This command will suspend streaming (if enabled) or wake the device from 
sleep (if sleeping) to allow it to respond to status and setup commands.  You may 
restore the device mode by issuing the Resume command.   

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x02 N/A 

Reply 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, non-zero:NACK) 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Set To Idle 

0x75 0x65 0x01 0x02 0x02 0x02  0xE1 0xC7 

Reply 
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Command echo: 
0x02 

Error code: 0x00 

0xD6 0x6C 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0102 0202 E1C7έ 
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Resume (0x01 , 0x06) 

Description 
Place device back into the mode it was in before issuing the Set To Idle command.  If 
the Set To Idle command was not issued, then the device is placed in default mode. 

Notes 
Command has no parameters.  Device responds with ACK if stream successfully 
enabled. 

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x06 N/A 

Reply 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0: ACK, non-zero: NACK) 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Set To Idle 

0x75 0x65 0x01 0x02 0x02 0x06  0xE5 0xCB 

Reply 
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Command echo: 
0x06 

Error code: 0x00 

0xDA 0x74 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср лмлн лнлс 9р/.έ 
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Get Device Information (0x01, 0x 03)  

Description Get the device ID strings and firmware version  

Notes Reply Ƙŀǎ ǘǿƻ ŦƛŜƭŘǎΥ ά!/Yκb!/Yέ ŀƴŘ ά5ŜǾƛŎŜ LƴŦƻ CƛŜƭŘέ 

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x03 N/A 

Replyfield 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0: ACK, non-zero: NACK) 

Reply field 2 
Device Info Field 

0x52     0x81 Binary 
Offset 

Description Data Type Units 

0 Firmware 
Version 

U16 N/A 

2 Model Name String(16) N/A 

18 Model 
Number 

String(16) N/A 

34 Serial 
Number 

String(16) N/A 

50 Lot Number String(16) N/A 

66 Device 
Options 

String(16) N/A 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 Desc Set 
Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Get Device Info 

0x75 0x65 0x01 0x02 0x02 0x03  0xE2 0xC8 

ReplyField 1 
   ACK/NACK 

0x75 0x65 0x01 0x58 0x04 0xF1 Command echo: 
0x03 

Error code: 0x00 

  

Reply Field 2 
   Device Info Field 

    0x54 0x81 FW Version: 0x03F1 
ñ      3DM- GX4- 25ò 

ñ       6234- 4220ò 

ñ      6243- 00009ò 

ñ           I042Yò 

ñ      5g, 300dpsò 

0x## 0x## 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0102 0203 E2C8έ 
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Get Device Descriptor Sets (0x01, 0x 04)  

Description Get the set of descriptors that this device supports  

Notes 
Reply Ƙŀǎ ǘǿƻ ŦƛŜƭŘǎΥ ά!/Yκb!/Yέ ŀƴŘ άDescriptorsέ.  The άDescriptorsέ field is an array 
of 16 bit values.  The MSB specifies the descriptor set and the LSB specifies the 
descriptor. 

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x04 N/A 

Replyfield 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0: ACK, non-zero: NACK) 

Reply field 2 
Array of Descriptors 

2 x <Number of  
descriptors> + 
2 

0x82 Binary 
Offset 

Description Data Type 

0 MSB:  Descriptor Set  
LSB:   Descriptor 

U16 

1 MSB:  Descriptor Set  
LSB:   Descriptor 

U16 

Χ 
 

<etc> 
 

Χ 
 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 Desc Set 
Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Get Device Info 

0x75 0x65 0x01 0x02 0x02 0x04  0xE3 0xC9 

ReplyField 1 
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Command echo: 
0x04 

Error code: 0x00 

  

Reply Field 2 
Array of Descriptors 

    <n*2> 0x82 0x0101 
0x0102 
0x0103 
Χ 

0x0C01 
0x0C02 
Χ 

nth descriptor: 
0x0C72 

0x## 0x## 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср лмлн лнл4 E3C9έ 
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Device Built -In Test  (0x01, 0x 05) 

Description 

Run the device Built-In Test (BIT).  The Built-In Test command always returns a 32 bit 
value.  A value of 0 means that all tests passed.  A non-zero value indicates that not all 
tests passed.  The failure flags are device dependent.  The flags for the 3DM-GX4-25 
are defined below. 

Notes 

 

3DM-GX4-25 BIT Error Flags: 

Byte Byte 1 (LSB) Byte 2  Byte 3  Byte 4 (MSB) 

Device Processor Board Sensor Board Reserved Kalman Filter 

Bit 1 (LSB) WDT Reset 
(Latching, Reset 
after first 
commanded BIT) 

IMU 

Communication 

Fault 

Reserved Solution Fault 

Bit 2 Reserved Magnetometer Fault 
(if applicable) 

Reserved Reserved 

Bit 3 Reserved Pressure Sensor 
Fault (if applicable) 

Reserved Reserved 

Bit 4 Reserved Reserved Reserved Reserved 

Bit 5 Reserved Reserved Reserved Reserved 

Bit 6 Reserved Reserved Reserved Reserved 

Bit 7 Reserved Reserved Reserved Reserved 

Bit 8 (MSB) Reserved Reserved Reserved Reserved 
 

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x05 N/A 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, non-zero: NACK) 

Reply field 2 
BIT Error Flags 

0x06 0x83 U32 ς  BIT Error Flags 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 Desc Set 
Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Built-In Test 

0x75 0x65 0x01 0x02 0x02 0x05 N/A 0xE4 0xCA 

Reply field 1 
   ACK/NACK 

0x75 0x65 0x01 0x0A 0x04 0xF1 Echo cmd:0x05 
Error code: 0x00 

  

Reply  field 2 
   BIT Error Flags 

    0x06 0x83 BIT Error Flags: 
0x00000000 

0x68 0x7D 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0102 0205 E4CAέ 
 

GPS Time Update (0x01 , 0x72) 
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Description This message updates the internal GPS Time as reported in the Filter Timestamp. 

Notes 

This command enables synchronization of IMU/AHRS Timestamps with an external 
GPS receiver.   When combined with a PPS input applied to pin 7 of the i/o connector, 
the GPS Correlation Timestamp in the inertial data output is synchronized with the 
external GPS clock.  It is recommended that this update command be sent once per 
second.  See the GPS Correlation Timestamp for more information. 
 
Possible function selector values: 
 

0x01 ς Apply new settings 
0x02 ς Read back current settings. 

 0x06 ς Apply new settings with no ACK/NACK Reply 
 
Possible field selector values:  
 

0x01 ς GPS Week Number. 
0x02 ς GPS Seconds.   
  

Field Format Field Length          Field Descriptor Field Data 

Command  
0x08     0x72 U8 ς Function Selector 

U8 ς GPS Time Field Selector 
U32 ς New Time Value 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0: ACK, non-zero: NACK) 

Reply field 2 
(function = 2 
selector = 1) 

0x06 0x84 U32 ς Current GPS Week Value 

Reply field 2 
(function = 2 
selector = 2) 

0x06 0x85 U32 ς Current GPS Seconds Value 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
   GPS Time Update 

0x75 0x65 0x01 0x08 0x08 0x72 
Fctn(Apply):0x01 
Field (Week): 0x01 
Val:0x00000698 

0xFD 0x32 

Reply  
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Cmd echo: 0x72 
Error code: 0x00 

0x46 0x4C 
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Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср лмлу лут2 0101 0000 0698 FD32έ 

 

 

Device Reset (0x01, 0x7E) 

Description Resets the 3DM-GX4. 

Notes Device responds with ACK if it recognizes the command and then immediately resets.    

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x7E N/A 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0: ACK, non-zero: NACK) 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
   Set Reset 

0x75 0x65 0x01 0x02 0x02 0x7E N/A 0x5D 0x43 

Reply  
   ACK/NACK 

0x75 0x65 0x01 0x04 0x04 0xF1 Command echo: 
0x7E 

Error code: 0x00 

0x52 0x64 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср лмлн лнт9 р5поέ 
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3DM Commands 
The 3DM command set is common to the MicroStrain Inertial sensors that support the MIP packet protocol.  

Because of the unified set of commands, it is easy to migrate code from one inertial sensor to another.   

Poll IMU Data (0x0 C, 0x01) 

Description Poll the 3DM-GX4 for an IMU message with the specified format 

Notes 

 
This function polls for an IMU message using the provided format.  The resulting 
message will maintain the order of descriptors sent in the command and any 
unrecognized descriptors are ignored.  If the format is not provided, the device will 
attempt to use the stored format (set with the Set IMU Message Format command.)  If 
no format is provided and there is no stored format, the device will respond with a 
NACK.  The reply packet contains an ACK/NACK field.  The polled data packet is sent 
separately as an AHRS Data packet.   
 
Possible Option Selector Values: 
 

0x00 ς Normal ACK/NACK Reply. 
0x01 ς Suppress the ACK/NACK reply. 
 

Field Format Field Length          Field Descriptor Field Data 

Command  
4 + 3*N 0x01 U8 ς Option Selector 

U8 ς Number of  Descriptors (N),  
N*(U8 ς Descriptor, U16 Reserved) 

Reply 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Examples 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 Desc Set 
Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
   Poll AHRS data (use 
stored format) 

0x75 0x65 0x0C 0x04 0x04 0x01 Option: 0x00 
Desc count: 0x00 

0xEF 0xDA 

Command 
   Poll AHRS data (use 
specified format) 

0x75 0x65 0x0C 0x0A 0x0A 0x01 Option: 0x00 
Desc count: 0x02 
1st Descriptor: 0x04 
Reserved: 0x0000 
2nd Descriptor:0x05 
Reserved: 0x0000 

0x06 0x27 

Reply 
   ACK/NACK (Data 
packet is sent 
separately if ACK) 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x01 
Error code:0x00 

0xE0 0xAC 

Copy-Paste versions of the commands: 
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Stored formatΥ ά7565 0C04 0401 0000 EFDAέ 

{ǇŜŎƛŦƛŜŘ ŦƻǊƳŀǘΥ άтрср л/л! л!лм лллн л400 0005 0000 0627έ 
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Poll Estimation Filter  Data (0x0 C, 0x03) 

Description Poll the device for a Estimation Filter message with the specified format 

Notes 

 
This function polls for a Estimation Filter message using the provided format.  The 
resulting message will maintain the order of descriptors sent in the command and any 
unrecognized descriptors are ignored.  If the format is not provided, the device will 
attempt to use the stored format (set with the Set Estimation Filter Message Format 
command.)  If no format is provided and there is no stored format, the device will 
respond with a NACK.   The reply packet contains an ACK/NACK field.  The polled data 
packet is sent separately as a Estimation Filter Data packet.   
 
Possible Option Selector Values: 
 

0x00 ς Normal ACK/NACK Reply. 
0x01 ς Suppress the ACK/NACK reply. 

Field Format Field Length          Field Descriptor Field Data 

Command  
4 + 3*N 0x03 U8 ς Option Selector 

U8 ς Number of  Descriptors (N),  
N*(U8 ς Descriptor, U16 Reserved) 

Reply 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Examples 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
   Poll Estimation 
Filter data (use 
stored format) 

0x75 0x65 0x0C 0x04 0x04 0x03 Option: 0x00 
Desc count: 0x00 

0xF1 0xE0 

Command 
   Poll Estimation 
Filter data (use 
specified format) 

0x75 0x65 0x0C 0x0A 0x0A 0x03 Option: 0x00 
Desc count: 0x02 
1st Descriptor: 0x01 
Reserved: 0x0000 
2nd Descriptor:0x02 
Reserved: 0x0000 

0x02 0x1E 

Reply 
   ACK/NACK (Data 
packet is sent 
separately if ACK) 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x03 
Error code:0x00 

0xE2 0xB0 

Copy-Paste versions of the commands: 
{ǘƻǊŜŘ ŦƻǊƳŀǘΥ άтрср л/лп лпло лллл Cм9лέ 
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{ǇŜŎƛŦƛŜŘ ŦƻǊƳŀǘΥ άтрср л/л! л!ло лллн лмлл лллн лллл лнм9έ 
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Get IMU Data Base Rate (0x0C, 0x06)  

Description Get the base rate for the IMU data in Hz. 

Notes 
Returns the value used for data rate calculations.  See the IMU Message Format 
command.   
 

Field Format 
Field 
Length          

Field 
Descriptor 

Field Data 

Command  0x02     0x06 none 

Reply field 1 
  ACK/NACK Field 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
Communications 
Mode  

0x04 0x83 U16 - IMU data base rate (Hz) 

Example 

MIP Packet Header Command/Reply Fields 
Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field 
Data 

MSB LSB 

Command 
Get Communications 
Mode 

0x75 0x65 0x0C 0x02 0x02 0x06  0xF0 0xF7 

Reply field 1 
  ACK/NACK 

0x75 0x65 0x0C 0x08 0x04 0xF1 Echo cmd: 0x06 
Error code: 0x00 

  

Reply field 2  
Communication 
Mode 

    0x04 0x83 Rate decimation 
base:  0x0064 
 

0xD4 0x6B 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л/лн лнлс CлCтέ 

Get Estimation Filter  Data Base Rate (0x0C, 0x0B) 

Description Get the base rate for the Estimation Filter data in Hz. 

Notes 
Returns the value used for data rate calculations.  See the Estimation Filter Message 
Format command.   

Field Format 
Field 
Length          

Field 
Descriptor 

Field Data 

Command  0x02     0x0B none 

Reply field 1 
  ACK/NACK Field 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
Estimation Filter 

0x04 0x8A U16 ς Filter data base rate (Hz) 
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Base Rate  

Example 

MIP Packet Header Command/Reply Fields 
Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field 
Data 

MSB LSB 

Command 
Get Base Rate 

0x75 0x65 0x0C 0x02 0x02 0x0B  0xF5 0xFC 

Reply field 1 
  ACK/NACK 

0x75 0x65 0x0C 0x08 0x04 0xF1 Echo cmd: 0x0B 
Error code: 0x00 

  

Reply field 2  
Estimation Filter 
Base Rate 

    0x04 0x8A Base rate (Hz):  
0x0064 
 

0xE0 0x9E 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л/лн лнлB F5FCέ 
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IMU Message Format (0x0C, 0x08) 

Description 

Set, read, or save the format of the IMU message packet.  This command sets the 
format for the IMU data packet when in standard mode.  The resulting data messages 
will maintain the order of descriptors sent in the command.  The command has a 
function selector and a descriptor array as parameters. 

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 

 
The rate decimation field is calculated as follows for IMU messages:   
 
                 Data Rate = 1000 Hz / Rate Decimation 
 
The GX4 checks that all descriptors are valid prior to executing this command.  If any of 
the descriptors are invalid for the IMU descriptor set, a NACK will be returned and the 
message format will be unchanged.  The descriptor array only needs to be provided if 
the function selector is = 1 (Use new settings).  For all other functions it may be empty 
(Number of Descriptors = 0). 
 

Field Format Field Length          Field Descriptor Field Data 

Command  
4 + 3*N     0x08 U8 - Function Selector 

U8 ς Number of  Descriptors (N),  
N*(U8 ς Descriptor, U16 ς Rate Decimation) 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

3 + 3*N 0x80 U8 ς Number of  Descriptors (N),  
N*(U8 ς Descriptor, U16 ς Rate Decimation) 

Examples 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
IMU Message 
Format (use new 
settings) 

0x75 0x65 0x0C 0x0A 0x0A 0x08 Function: 0x01 
Desc count: 0x02 
1st Descriptor: 0x04 
Rate Dec: 0x000A 
2nd Descriptor:0x05 

0x22 0xA0 
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Rate Dec: 0x000A 

Reply  
   ACK/NACK  

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x08 
Error code:0x00 

0xE7 0xBA 

Command 
IMU Message 
Format (read back 
current settings) 

0x75 0x65 0x0C 0x04 0x04 0x08 Function: 0x02 
Desc count: 0x00 

0xF8 0xF3 

Reply field 1 
   ACK/NACK  

0x75 0x65 0x0C 0x0D 0x04 0xF1 Echo cmd:0x08 
Error code:0x00 

  

Reply field 2 
   Current IMU 
Message Format 

    0x09 0x80 Desc count: 0x02 
1st Descriptor: 0x03 
Rate Dec: 0x000A 
2nd Descriptor:0x04 
Rate Dec: 0x000A 

0x98 0x0F 

Copy-Paste version of the commands: 
Use New {ŜǘǘƛƴƎǎΥέтрср л/л! л!лу лмлн лплл л!лр ллл! нн!лέ 

wŜŀŘ /ǳǊǊŜƴǘ {ŜǘǘƛƴƎǎΥ άтрср л/лп лплу лнлл CуCоά 
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Estimation Filter  Message Format (0x0C, 0x0A) 

Description 

Set, read, or save the format of the Estimation Filter message packet.  This function 
sets the format for the Estimation Filter MIP data packet when in standard mode.  The 
resulting message will maintain the order of descriptors sent in the command.  The 
command has a function selector and a descriptor array as parameters. 

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 
 

The rate decimation field is calculated as follows for Estimation Filter messages:   
 
Data Rate = 1000 Hz / Rate Decimation 
 
The device checks that all descriptors are valid prior to executing this command.  If any 
of the descriptors are invalid for the Estimation Filter data descriptor set, a NACK will 
be returned and the message format will be unchanged.  The descriptor array only 
needs to be provided if the function selector is = 1 (Use new settings).  For all other 
functions it may be empty (Number of Descriptors = 0). 
 

Field Format Field Length          Field Descriptor Field Data 

Command  
4 + 3*N     0x0A U8 - Function Selector 

U8 ς Number of  Descriptors (N),  
N*(U8 ς Descriptor, U16 ς Rate Decimation) 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

3 + 3*N 0x82 U8 ς Number of  Descriptors (N),  
N*(U8 ς Descriptor, U16 ς Rate Decimation) 

Examples 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Estimation Filter 
Message Format  
(use new settings) 

0x75 0x65 0x0C 0x0A 0x0A 0x0A Function: 0x01 
Desc count: 0x02 
1st Descriptor: 0x01 
Data rate: 0x0001 
2nd Descriptor:0x02 
Data rate: 0x0001 

0x0C 0x6A 
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Reply  
   ACK/NACK  

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x0A 
Error code:0x00 

0xE9 0xBE 

Command 
Estimation Filter 
Message Format 
(read back current 
settings) 

0x75 0x65 0x0C 0x04 0x04 0x0A Function: 0x02 
Desc count: 0x00 

0xFA 0xF9 

Reply field 1 
   ACK/NACK  

0x75 0x65 0x0C 0x0D 0x04 0xF1 Echo cmd:0x0A 
Error code:0x00 

  

Reply field 2 
   Current 
Message Format 

    0x09 0x82 Desc count: 0x02 
1st Descriptor: 0x01 
Data rate: 0x0001 
2nd Descriptor:0x02 
Datarate: 0x0001 

0x84 0xED 

Copy-Paste version of the commands: 
¦ǎŜ bŜǿ {ŜǘǘƛƴƎǎΥ έтрср л/л! л!л! лмлн лмлл лмлн л/с!έ 
wŜŀŘ /ǳǊǊŜƴǘ {ŜǘǘƛƴƎǎΥ άтрср л/лп лпл! лнлл C!Cфά  
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Enable/Disab le Continuous Data Stream (0x0C, 0x11)  

Description 

Control the streaming of IMU and Estimation Filter data.  If disabled, the data from the 
selected device is not continuously transmitted.  Upon enabling, the most current data 
will be transmitted (i.e. no stale data is transmitted.)  The default for the device is all 
streams enabled.  For all functions except 0x01 (use new setting), the new enable flag 
value is ignored. 

Notes 

Possible function selector values: 
 

0x01 ς Apply new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Load factory default settings 

 
The device selector can be:  
 

0x01 ς IMU  
0x03 ς Estimation Filter  

 
The enable flag can be either:  
 

0x00 ς disable the selected stream. 
0x01 ς enable the selected stream. (default) 

 

Field Format Field Length          Field Descriptor Field Data 

Command  
0x05 0x11 U8 ς Function Selector 

U8 ς Device Selector 
U8 ς New Enable Flag 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x04     0x85 U8 ς Device Selector 
U8 ς Current Device Enable Flag 

Examples 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 Desc Set 
Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
IMU Stream ON 

0x75 0x65 0x0C 0x05 0x05 0x11 Function(Apply):0x01 
Device (IMU): 0x01 
Stream (ON): 0x01 

0x04 0x1A 

Command 
   IMU Stream OFF 

0x75 0x65 0x0C 0x05 0x05 0x11 Function(Apply):0x01 
Device (IMU): 0x01 
Stream (OFF): 0x00 

0x03 0x19 

Reply  
   ACK/NACK  

0x75 0x65 0x0C 0x05 0x05 0xF1 Echo cmd:0x11 
Error code:0x00 

0xEF 0xCA 
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Copy-Paste version of the 1st ŎƻƳƳŀƴŘΥ έтрср л/лр лрмм лмлм лмлп м!έ 
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Device Startup Settings  (0x0C, 0x30) 

Description Save, Load, or Reset to Default the values for all device settings.   

Notes 

Possible function selector values: 
 

0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Load factory default settings 

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x30 U8 ςFunction Selector 

Reply 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Startup Settings 
(Save All) 

0x75 0x65 0x0C 0x03 0x03 0x30 Fctn(Save):0x03 
 

0x1F 0x45 

Reply 
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x30 
Error code:0x00 

0x0F 0x0A 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л/ло лоол ломC прέ 
 

IMU Hard Iron Offset (0x0C, 0x3A)  

Description 
This command will read or write values to the magnetometer Hard Iron Offset Vector.  
For all functions except 0x01 and 0x06 (apply new settings), the new vector value is 
ignored.  The offset value is subtracted from the scaled Mag value prior to output. 

Notes 

Possible function selector values: 
 

0x01 ς Apply new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Load factory default settings 
0x06 ς Apply new settings with no ACK/NACK Reply 

 

Notes Default values: 
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Hard Iron Offset:  [0,0,0]  

Field Format Field Length          Field Descriptor Field Data 

Command  

0x0F     0x3A U8 ς Function Selector 
float ς X Hard Iron Offset 
float ς Y Hard Iron Offset 
float ς Z Hard Iron Offset 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x0E 0x9C float ς current X Hard Iron Offset 
float ς current Y Hard Iron Offset 
float ς current Z Hard Iron Offset 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Hard Iron Offset 

0x75 0x65 0x0C 0x0F 0x0F 0x3A Fctn(Apply):0x01 
Offset Vector: 
0x00000000 
0x00000000 
0x00000000 

0x3F 0x9F 

Reply field 1 
  ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd: 0x3A 
Error code: 0x00 

0x19 0x1E 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0C0F 0F3A 0100 0000 0000 0000 0000 0000 003F 9Fέ 
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IMU Soft Iron Matrix (0x0C, 0x3B)  

Description 

This command will read or write values to the magnetometer Soft Iron Compensation 

Matrix.  The values for this matrix are determined empirically by external software 

algorithms based on calibration data taken after the device is installed in its 

ŀǇǇƭƛŎŀǘƛƻƴΦ   ¢ƘŜǎŜ ǾŀƭǳŜǎ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ŀƴŘ ǎŜǘ ōȅ ǳǎƛƴƎ ǘƘŜ aƛŎǊƻ{ǘǊŀƛƴ άMIP Iron 

/ŀƭƛōǊŀǘƛƻƴέ ŀǇǇƭƛŎŀǘƛƻƴΦ  ¢ƘŜ ƳŀǘǊƛȄ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǎŎŀƭŜŘ ƳŀƎƴŜǘƻƳeter vector 

prior to output. 

Notes 

Possible function selector values: 
 

0x01 ς Apply new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Load factory default settings 
0x06 ς Apply new settings with no ACK/NACK Reply 
 

Default values: 
 

Soft Iron Compensation Matrix (identity matrix; row order):  [1,0,0][0,1,0][0,0,1] 

Field Format Field Length          Field Descriptor Field Data 

Command  

0x27     0x3B U8 ς Function Selector 
float ς m1,1 float ς m1,2 float ς m1,3 
float ς m2,1 float ς m2,2 float ς m2,3 
float ς m3,1 float ς m3,2 float ς m3,3 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x26 0x9D float ς m1,1 float ς m1,2 float ς m1,3 
float ς m2,1 float ς m2,2 float ς m2,3 
float ς m3,1 float ς m3,2 float ς m3,3 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Soft Iron Matrix 

0x75 0x65 0x0C 0x27 0x27 0x3B Fctn(Apply):0x01 
Comp Matrix: 
0x3F800000 
0x00000000 
0x00000000 
0x00000000 

0xAD 0x59 
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0x3F800000 
0x00000000 
0x00000000 
0x00000000 
0x3F800000 

Reply field 1 
  ACK/NACK 

0x75 0x65 0x0C 0x12 0x04 0xF1 Echo cmd: 0x3B 
Error code: 0x00 

0x1A 0x20 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0C27 273B 013F 8000 0000 0000 0000 0000 0000 0000 003F 8000 0000 
0000 0000 0000 0000 0000 003F 8000 00AD 59έ 

 

 

  



 

 

51 
 

3DM-GX4®-25  Data Communications Protocol    

  
Accel Bias (0x0C, 0x37) 

Advanced 

Description 
Set  or read the current value of the IMU Accelerometer Bias Vector.  For all functions 
except 0x01 and 0x06 (apply new settings), the new vector value is ignored.  The bias 
value is subtracted from the scaled accelerometer value prior to output. 

Notes 

Possible function selector values: 
 

0x01 ς Apply new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Load factory default settings 
0x06 ς Apply new settings with no ACK/NACK Reply 

 

Field Format Field Length          Field Descriptor Field Data 

Command  

0x0F 0x37 U8 ς Function Selector 
float ς X Accel Bias Value 
float ς Y Accel Bias Value 
float ς Z Accel Bias Value 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x0E 0x9A float ς current X Accel Bias Value 
float ς current Y Accel Bias Value 
float ς current Z Accel Bias Value 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Accel Bias 

0x75 0x65 0x0C 0x0F 0x0F 0x37 Fctn(Apply):0x01 
Field (Bias): 
0x00000000 
0x00000000 
0x00000000 

0x3C 0x75 

Reply  
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x37 
Error code:0x00 

0x16 0x18 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0C0F 0F37 0100 0000 0000 0000 0000 0000 003C 75έ 
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Gyro Bias (0x0C, 0x38) 

Advanced 

Description 
Set or read the current value of the IMU Gyro Bias Vector.  For all functions except 
0x01 and 0x06 (apply new settings), the new vector value is ignored.  The bias value is 
subtracted from the scaled Gyro value prior to output. 

Notes 

Possible function selector values: 
 

0x01 ς Apply new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Load factory default settings 
0x06 ς Apply new settings with no ACK/NACK Reply 

 

Field Format Field Length          Field Descriptor Field Data 

Command  

0x0F 0x38 U8 ς Function Selector 
float ς X Gyro Bias Value 
float ς Y Gyro Bias Value 
float ς Z Gyro Bias Value 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x0E 0x9B float ς current X Gyro Bias Value 
float ς current Y Gyro Bias Value 
float ς current Z Gyro Bias Value 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Gyro Bias 

0x75 0x65 0x0C 0x0F 0x0F 0x38 Fctn(Apply):0x01 
Field (Bias): 
0x00000000 
0x00000000 
0x00000000 

0x3D 0x83 

Reply  
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x38 
Error code:0x00 

0x17 0x1A 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0C0F 0F38 0100 0000 0000 0000 0000 0000 003D 83έ 
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Capture Gyro Bias (0x0C, 0x39)  

Description 

This command will cause the IMU to sample its gyro sensors for the specified number 
of milliseconds. The resulting data will be used estimate its gyro bias error. The 
estimated gyro bias error will be automatically written to the Gyro Bias vector. The 
bias vector is not saved as a startup value. If you wish to save this vector, use the Gyro 
Bias command. 

Notes 

Possible Sampling Time values:  1000 to 30000 milliseconds. (1 to 30 sec) 
 
Note: The IMU must be stationary during the execution of the Capture Gyro Bias 
Operation. 

Field Format Field Length          Field Descriptor Field Data 

Command  0x04  0x39 U16 ς Sampling Time (milliseconds) 

Reply  
   ACK/NACK 

0x04  0xF1  
 

U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not 0:NACK) 

Reply field 2 
(function = 2) 

0x0E  
 

0x9B float ς current X Gyro Bias Value 
float ς current Y Gyro Bias Value 
float ς current Z Gyro Bias Value 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
 

0x75  
 

0x65 0x0C 0x04 0x04 0x39 Sampling Time:                             
0x2710 

0x5E  0xE0 

Reply field 1 
   ACK/NACK 

0x75  
 

0x65 0x0C 0x12 0x04 0xF1 Echo cmd:  
0x39 
Error code:  
0x00 

  

Reply field 2 
Bias Vector 

    0x0E 0x9B Field (Bias): 
0x00000000 
0x00000000 
0x00000000 

0xCF 0x19 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л/лп лпоф нтмл р99лέ 
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3DM-GX4®-25  Data Communications Protocol    

  
Coning and Sculling Enable (0x0C, 0x3E) 

Description 
Set, read, or save the Coning and Sculling compensation Enable.  This function sets the 
Coning and Sculling compensation Enable.  For all functions except 0x01 (use new 
setting), the new parameter values are ignored. 

Notes 

Possible function selector values: 
 

0x01 ς Apply new setting 
0x02 ς Read back current setting 
0x03 ς Save current settings as startup setting 
0x04 ς Load saved startup setting 
0x05 ς Load factory default setting 

 
The enable flag can be either:  
 

0x00 ς disable the Coning and Sculling compensation. 
0x01 ς enable the Coning and Sculling compensation. (default) 
 

Field Format Field Length          Field Descriptor Field Data 

Command  
0x10 0x3E U8 ς Function Selector 

U8 ς New Coning and Sculling enable setting 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
( function = 2) 

0x03    0x9E U8 ς Current Coning and Sculling enable setting 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payloa
d 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Enable Settings 

0x75 0x65 0x0C 0x04 0x04 0x3E Fctn (Apply): 0x01 
Enable: 0x01 
 

2E 94 

Reply  
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd: 0x3E 
Error code:0x00 

1D 26 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0C04 043E 0101 2E94έ 
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3DM-GX4®-25  Data Communications Protocol    

  
UART BAUD Rate (0x0C, 0x40) 

Description 
Change, read, or save the BAUD rate of the main communication channel (UART1).  
For all functions except 0x01 (use new settings), the new BAUD rate value is ignored. 

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 

 
Supported BAUD rates are: 
 

9600, 19200, 115200(default), 230400, 460800, 921600 
 

 The ACK/NACK packet is sent at the current baud rate and then there is a 0.25 
second delay before the device will respond to commands at the new BAUD rate. 

Field Format Field Length          Field Descriptor Field Data 

Command  
0x07 0x40 U8 ς Function Selector 

U32 ςNew BAUD rate 

Reply field 1 
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x06 0x87 U32 ς Current BAUD rate 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
Set BAUD Rate 
Command 

0x75 0x65 0x0C 0x07 0x07 0x40 Fctn(USE):0x01 
BAUD (115200): 
0x0001C200 

0xF8 0xDA 

Reply  
   ACK/NACK 

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x40 
Error code:0x00 

0x1F 0x2A 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л/лт лтпл лмлл лм/н ллCу 5!έ 
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3DM-GX4®-25  Data Communications Protocol    

  
Complementary Filter Settings (0x0C, 0x51 ) 

Description 
Configuration for the AHRS complementary filter.   
The Complementary Filter data outputs are supported in the IMU/AHRS Data set 
(0x80) to provide compatibility with the 3DM-GX3.   

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 

 
Possible up/north compensation enable values: 
 

0x00 ς Disable  
0x01 ς Enable (default) 

 
Range of up/north compensation time constants: 
 

1-1000 seconds,  default = 10 seconds  
 
±ŀƭǳŜǎ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ǊŀƴƎŜ ŦƻǊ ǳǇκƴƻǊǘƘ ŎƻƳǇŜƴǎŀǘƛƻƴ ǿƛƭƭ ōŜ b!/YΩŘΦ 
 

 The Complementary Filter provides attitude outputs (Matrix, Euler, Quaternion, 
Up, and North) that are independent of the Estimation Filter outputs.  The CF outputs 
are calculated using the same algorithm as the 3DM-GX3 series of Inertial Devices.  
This provides drop-in compatibility that duplicates the performance of the 3DM-GX3.  
It is highly recommended that you transition to the EF outputs as they will provide 
better performance as well as compatibility with higher grade devices such as the 
3DM-RQ1. 

Field Format Field Length          Field Descriptor Field Data 

Command  

0x0D    0x51 U8 ς Function selector 
U8 ς Up compensation enable 
U8 ς North compensation enable 
float ς Up compensation time constant (sec) 
float ς North compensation time constant (sec) 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x0C 0x97 U8 ς Up compensation enable 
U8 ς North compensation enable 
float ς Up compensation time constant (sec) 
float ς North compensation time constant (sec) 
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3DM-GX4®-25  Data Communications Protocol    

  

Examples 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
IMU Message 
Format (use new 
settings) 

0x75 0x65 0x0C 0x0D 0x0D 0x51 Function Selector: 
0x01 (Write) 
Up Compensation 
Enable: 0x01 
(enable) 
North 
Compensation 
Enable: 0x01 
(enable) 
Up Compensation 
Time Constant:  
5.0 (sec) 
North 
Compensation Time 
Constant: 5.0 (sec) 

0xXX 0xXX 

Reply  
   ACK/NACK  

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x51 
Error code:0x00 

0x 0x 

Copy-Paste version of the commands: "7565 0C09 0951 0104 0100 0000 00" 
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3DM-GX4®-25  Data Communications Protocol    

  
Low-Pass Filter Settings (0x0C, 0x50) 

Description 

Configuration for low-pass filter settings.  The scaled gyro, scaled accel, scaled mag, 
and scaled pressure data quantities are by default filtered through a single-pole IIR 
low-pass filter which is configured with a -3dB cutoff frequency of half the reporting 
frequency (set by decimation factor in the IMU Message Format command) to prevent 
aliasing on a per data quantity basis.  This advanced configuration command allows for 
the cutoff frequency to be configured independently of the data reporting frequency 
as well as allowing for a complete bypass of the digital low-pass filter for either or both 
scaled data quantities.   

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 

 
Possible data type specifier: 
 

0x04 ς Scaled accel data 
0x05 ς Scaled gyro data 
0x06 ς Scaled mag data  (if applicable)  
0x17 ς Scaled pressure data  (if applicable) 

 
Possible filter typevalues: 
 

0x01 ς Single pole IIR low-pass filter 
0x00 ς Do not apply low-pass filter 

 
Manual filter bandwidth configuration: 
 

0x01 ς Use user specified -3 dB cutoff frequency 
0x00 ς Automatically configure -3 dB cutoff frequency to half reporting rate 

 
-3 dB Cutoff Frequency: 
 

Cutoff Frequency value specified must be no greater than 500 Hz (0x01f4). 
**This value in a write command is ignored if Automatic Bandwidth is selected. 

 
Reserved Byte: 
 

This byte is reserved for internal use and should be left in the 0x00 state 

Field Format Field Length          Field Descriptor Field Data 
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3DM-GX4®-25  Data Communications Protocol    

  

Command  

0x09     0x50 U8 ς Function Selector 
U8 ς Data Descriptor (0x04: Scaled Accel, 0x05 
Scaled Gyro) 
U8 ς Low-Pass Filter Type Type (0x01: IIR, 0x00 
None) 
U8 ς Manual/Auto -3 dB Cutoff Frequency 
Configuration 
U16 ς -3 dB Cutoff Frequency 
U8 ς Reserved Byte 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x08 0x8B U8 ς Data Descriptor (Scaled Accel, Scaled Gyro or 
Scaled Magnetometer) 
U8 ς Filter (0x01: IIR Filter, 0x00: No Filter) 
U8 ς Cutoff Frequency (0x00: Auto, 0x01: Manual) 
U16 ς -3 dB Cutoff Frequency Hz 
U8 ς Reserved 

Examples 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
IMU Message 
Format (use new 
settings) 

0x75 0x65 0x0C 0x09 0x09 0x50 Function: 0x01 
Scaled Accel: 0x04 
Enable Filter: 0x01 
Automatic Cutoff 
Configuration: 0x00 
-3 dB Cutoff 
Frequency: 0x0000 
(ignored for 
automatic cutoff 
configuration) 
Reserved: 0x00 

0x4C 0x6D 

Reply  
   ACK/NACK  

0x75 0x65 0x0C 0x04 0x04 0xF1 Echo cmd:0x50 
Error code:0x00 

0x2F 0x4A 

Copy-Paste version of the commands: "7565 0C09 0950 0104 0100 0000 004E 80" 
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3DM-GX4®-25  Data Communications Protocol    

  
 

Device Status (0x0C, 0x64) 

Description Get the device-specific status for the 3DM-GX4-25 

Notes 

Reply has two fields: ñACK/NACKò and ñDevice Status Fieldò.  The device status 
field may be one of two selectable formats ï basic and diagnostic. 
 
The reply data for this command is device specific.  The reply is specified by two 
parameters in the command.  The first parameter is the model number (which for 
the 3DM-GX4-25 is always = 6234 (0x185A)).  That is followed by a status 
selector byte which determines the type of data structure returned.  In the case of 
the 3DM-GX4-25, there are two selector values ï one to return a basic status 
structure and a second to return an extensive diagnostics status structure.  A list 
of available values for the selector values and specific fields in the data structure 
are as follows: 
 
Possible Status Selector Values: 
 

0x01 ï Basic Status Structure 
0x02 ï Diagnostic Status Structure 

 

Field Format 
Field 
Length          

Field 
Descriptor 

Field Data 

Command  
0x02     0x64 U16-Device Model Number:  set = 6234 (0x185A) 

U8-Status Selector 

Reply field 1 
  ACK/NACK Field 

0x04     0xF1 U8 ï echo the command byte 
U8 ï error code (0:ACK, not  0:NACK) 

Reply field 2 
 Basic Device 
Status Field 

 

0x0F   0x90 Binary 
Offset 

Description Data 
Type 

Units 

0 Echo of the Device Model 
Number 

U16 N/A 

2 Echo of the selector byte U8 N/A 

3 Status Flags (Reserved) U32 N/A 

7 System Timer  (since start-up) U32 millisecond
s 

Reply field 2 
 Diagnostic Device 
Status Field 
 

0x4B 0x90 Binary 
Offset 

Description Data 
Type 

Units 

0 Echo of the Device Model 
Number 

U16 N/A 

2 Echo of the selector byte U8 N/A 

3 Status Flags (Reserved) U32 N/A 

7 System Timer  (since start-up) U32 millisecond
s 

11 Number of 1PPS Pulses U32 Count 

15 Last 1PPS (System Timer) U32 millisecond
s 
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19 IMU Stream Enabled U8 1 ï on 
0 ï off 

20 Estimation Filter Stream 
Enabled 

U8 1 ï on 
0 ï off 

21 Outgoing IMU Stream Dropped 
Packet Count 

U32 Count 

25 Outgoing Estimation Filter 
Stream Dropped Packet Count 

U32 Count 

29 Number of bytes written to com 
port 

U32 Count 

33 Number of bytes read from com 
port 

U32 Count 

37 Number of overruns when 
writing to com port 

U32 Count 

41 Number of overruns when 
reading from com port 

U32 Count 

45 Number of bytes written to USB 
port 

U32 Count 

49 Number of bytes read from USB 
port 

U32 Count 

53 Number of overruns when 
writing to USB port 

U32 Count 

57 Number of overruns when 
reading from USB port 

U32 Count 

61 Number of IMU message 
parsing errors 

U32 Count 

65 Total IMU messages read U32 Count 

69 Last IMU message read 
(System Timer) 

U32 Millisecond 

Example 

MIP Packet Header Command/Reply Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field 
Data 

MSB LSB 

Command 
Get Device Status 
(return Basic Status 
structure: selector = 
1) 

0x75 0x65 0x0C 0x05 0x05 0x64 Model # (6234): 
0x185A 
Status Selector 
(basic status): 
0x01 

0xC

7 

0x5

D 

Reply field 1 
  ACK/NACK 

0x75 0x65 0x0C 0x15 0x04 0xF1 Echo cmd: 0x64 
Error code: 0x00 

  

Reply field 2  
Device Status (Basic 
Status structure) 

    0x0D 0x90  Echo Model#: 
0x185 A 
Echo Selector: 
0x01  
ȣȢ !ÄÄÉÔÉÏÎÁÌ $ÁÔÁ 

0x##  0x#

# 

Copy-Paste version of the command: ñ7565 0C05 0564 185A 01C7 5Dò 
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Estimation Filter Commands  

Reset Filter (0x0D, 0x01 ) 

Description Reset the Estimation Filter to the initialize state.   

Notes 
If the auto-initialization feature is disabled, the initial attitude or heading must be set 
in order to enter the run state after a reset. 

Field Format Field Length          Field Descriptor Field Data 

Command  0x02 0x01 N/A 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, non-zero:NACK) 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
 

0x75 0x65 0x0D 0x02 0x02 0x01  0xEC 0xF6 

Reply  
   ACK/NACK 

0x75 0x65 0x0D 0x04 0x04 0xF1 Echo cmd: 0x01 
Error code: 0x00 

0xE1 0xB2 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л5лн лнлм 9/Cсέ 
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Set Initial Attitude (0x0D, 0x02 ) 

Description Set the initial attitude. 

Notes 

¢Ƙƛǎ ŎƻƳƳŀƴŘ Ŏŀƴ ƻƴƭȅ ōŜ ƛǎǎǳŜŘ ƛƴ ǘƘŜ άLbL¢έ ǎǘŀǘŜ ŀƴŘ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ǿƛǘƘ ŀ ƎƻƻŘ 
estimate of the ǎŜƴǎƻǊΩǎ attitude.  The Euler Angles are the sensor body frame with 
respect to the local NED frame. 
 
The valid input ranges are as follows: 
 
Roll:   [-ˊ, ˊ] 

Pitch: [- , ] 

Yaw:  [-ˊ, ˊ] 

Field Format Field Length          Field Descriptor Field Data 

Command  
0x0E 0x02 Float ς Roll (radians) 

Float ς Pitch (radians) 
Float ς Heading (radians) 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
 

0x75 0x65 0x0D 0E 0E 02 Roll:0x00000000 
(0.0f) 
Pitch:0x00000000 
(0.0f) 
Heading:0x00000000 
(0.0f) 

0x05 0x6F 

Reply  
   ACK/NACK 

0x75 0x65 0x0D 0x04 0x04 0xF1 Echo cmd: 0x02 
Error code: 0x00 

0xE2 0xB4 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л5л9л9лн лллл лллл лллл лллл лллл лллл лллл лллл лрсCέ 
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Set Initial Heading (0x0D, 0x03 ) 

Description Set the initial heading angle. 

Notes 

¢Ƙƛǎ ŎƻƳƳŀƴŘ Ŏŀƴ ƻƴƭȅ ōŜ ƛǎǎǳŜŘ ƛƴ ǘƘŜ άLbL¢έ ǎǘŀǘŜ ŀƴŘ should be used with a good 
estimation of Heading.  The device will use this value in conjunction with the output of 
the accelerometers to determine the initial attitude estimate.  The Euler Angles are the 
sensor body frame with respect to the local NED frame. 
 
The valid input range for heading is [-ˊ, ˊ]. 

Field Format Field Length          Field Descriptor Field Data 

Command  0x06 0x03 Float ς Heading (radians) 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
 

0x75 0x65 0x0D 0x06 0x06 0x03 Heading:0x00000000 
(0.0f) 

0xF6 0xE4 

Reply  
   ACK/NACK 

0x75 0x65 0x0D 0x04 0x04 0xF1 Echo cmd: 0x03 
Error code: 0x00 

0xE3 0xB6 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л5лс лсло лллл лллл Cс9пέ 
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Set Initial Attitude with Magnetometer (0x0D, 0x04 ) 

Description Set the initial attitude using the embedded magnetometer. 

Notes 

¢Ƙƛǎ ŎƻƳƳŀƴŘ Ŏŀƴ ƻƴƭȅ ōŜ ƛǎǎǳŜŘ ƛƴ ǘƘŜ άLbL¢έ ǎǘŀǘŜΦ  ¢ƘŜ ŘŜǾƛŎŜ ǿƛƭƭ ǳǎŜ ǘƘŜ ƻƴ-board 
magnetometer to initialize the attitude.  The user may supply a declination angle for 
the local magnet field conditions 
 
Special Note: In the presence of significant magnetic interference, the magnetometer 
heading value can be wildly off, causing the filter to initialize improperly. 

Field Format Field Length          Field Descriptor Field Data 

Command  0x06   0x04 Float ς Declination Angle (radians) 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command byte 
U8 ς error code (0:ACK, not  0:NACK) 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
    

0x75 0x65 0x0D 0x06 0x06 0x04 Declination: 
0x00000000 (0.0f) 

0xF7 0xE9 

Reply  
   ACK/NACK 

0x75 0x65 0x0D 0x04 0x04 0xF1 Echo cmd: 0x04 
Error code: 0x00 

0xE4 0xB8 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л5л6 06лп лллл лллл Cт9фέ 
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Tare Orientation (0x0 D, 0x21) 

Description 
This function uses the current device orientation relative to the NED frame as the 
current sensor to vehicle transformation.  This command is provided as a convenient 
way to set the sensor to vehicle frame transformation. 

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 

 
Possible axis bitfield values: 
 

0x00 ς Reset all axis 
0x01 ς Tare the roll axis 
0x02 ς Tare the pitch axis  
0x04 ς Tare the yaw axis 
 
Example Combinations: 
 
0x03 ς Tare the roll and pitch axis 
0x07 ς Tare all 3 axis 
 
 

Field Format Field Length          Field Descriptor Field Data 

Command  
0x04 0x21 U8 ς Function Selector 

U8 ς Tare Axis Bitfield 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
 

0x75 0x65 0x0D 0x04 0x04 0x21 Fctn (Apply): 0x01 
X:0x07 (All axis) 
 

0x18 0x49 

Reply  
   ACK/NACK 

0x75 0x65 0x0D 0x04 0x04 0xF1 Echo cmd: 0x21 
Error code:0x00 

0x 0x 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0D04 0421 0107 1849έ 
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Sensor to Vehicle Frame Transformation (0x0D, 0x11 ) 

Description 
Set the sensor to vehicle frame transformation matrix using Roll, Pitch, and Yaw Euler 
angles.  These angles define the rotation from the sensor body frame to the fixed 
vehicle frame.  Please reference the device Theory of Operation for more information. 

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 
 

This transformation affects the following output quantities: 
 
IMU: 
Scaled Acceleration 
Scaled Gyro  
Delta Theta 
Delta Velocity 
 
Estimation Filter: 
Estimated Orientation, Quaternion 
Estimated Orientation, Matrix 
Estimated Orientation, Euler Angles 
Estimated Linear Acceleration 
Estimated Angular Rate 
Estimated Gravity Vector 

Field Format Field Length          Field Descriptor Field Data 

Command  

0x0F 0x11 U8 ς Function Selector 
Float ς Roll Angle (radians) 
Float ς Pitch Angle (radians) 
Float ς Yaw Angle (radians) 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x0E 0x81 Float ς Roll Angle (radians) 
Float ς Pitch Angle (radians) 
Float ς Yaw Angle (radians) 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 
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Command 
 

0x75 0x65 0x0D 0x0F 0x0F 0x11 Fctn (Apply): 0x01 
Roll:0x00000000 
(0.0f) 
Pitch:0x00000000 
(0.0f) 
Yaw:0x00000000 
(0.0f) 

0x17 0x72 

Reply  
   ACK/NACK 

0x75 0x65 0x0D 0x04 0x04 0xF1 Echo cmd: 0x11 
Error code:0x00 

0xF1 0xD2 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ άтрср л5лC лCмм лмлл лллл лллл лллл лллл лллл ллмт тнέ 
 

Estimation Control  Flags (0x0D, 0x1 4) 

Description Controls which parameters are estimated by the Kalman Filter. 

Notes 

Possible function selector values: 
 

0x01 ï Use new settings 
0x02 ï Read back current settings. 
0x03 ï Save current settings as startup settings 
0x04 ï Load saved startup settings 
0x05 ï Reset to factory default settings 

 
Available Flags : 
 

0x0001 ï Enable Gyro Bias Estimation (Recommended) 
 

Examples : 
 

0xFFFF ï Enable all 
0xFFFE ï Disable Gyro Bias Estimation 
 
(note: Any bit without a designated function should be set to 1 for future 
compatibility.) 

 

Field Format 
Field 
Length          

Field Descriptor Field Data 

Command  
0x05 0x14 U8   ï Function Selector 

U16 ï Estimation Control Flags 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ï echo the command descriptor 
U8 ï error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x04 0x84 U16 ï Estimation Control Flags 



 

 

69 
 

3DM-GX4®-25  Data Communications Protocol    

  

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
 

0x75  0x65  0x0D 0x05 0x05 0x14 Fctn (Apply): 
0x01  
Flags:0xFFFF 
(Enable all 
states) 
 

0x04 0x27 

Reply  
   ACK/NACK 

0x75  0x65  0x0D 0x04  0x04  0xF1 Echo cmd: 0x14 
Error code:0x00  

0xF4 0xD8 

Copy-Paste version of the command: ñ7565 0D05 0514 01FF FF04 27ò 
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Heading Update Control (0x0D, 0x18) 

Description Select the source for heading updates to the Kalman Filter. 

Notes 

Possible function selector values: 
 

0x01 ς Use new settings 
0x02 ς Read back current settings. 
0x03 ς Save current settings as startup settings 
0x04 ς Load saved startup settings 
0x05 ς Reset to factory default settings 

 
Possible Enable Flag values: 
 

0x00 ς Disable Heading Updates 
0x01 ς Use the internal magnetometer 
0x03 ς Use external heading updates 
 

 

Field Format Field Length          Field Descriptor Field Data 

Command  
0x04 0x18 U8 ς Function Selector 

U8 ςEnable Flag 

Reply  
   ACK/NACK 

0x04     0xF1 U8 ς echo the command descriptor 
U8 ς error code (0:ACK, not  0:NACK) 

Reply field 2 
(function = 2) 

0x03 0x87 U8 ς Enable Flag 

Example 

MIP Packet Header Fields Checksum 

Sync1 Sync2 
Desc 
Set 

Payload 
Length 

Field 
Length 

Field 
Desc. 

Field  
Data 

MSB LSB 

Command 
 

0x75 0x65 0x0D 0x04 0x04 0x18 Fctn (Apply): 0x01 
Enable:0x01 
(Enable Mag. 
Updates) 
 

0x09 0x28 

Reply  
   ACK/NACK 

0x75 0x65 0x0D 0x04 0x04 0xF1 Echo cmd: 0x18 
Error code:0x00 

0xF8 0xE0 

Copy-tŀǎǘŜ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘΥ ά7565 0D04 0418 0101 0928έ 
 

  






































































































