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3DM-GX4®-25 Data Communications Protocol

3DM-GX4 API

API Introduction

The 3DMGX programming interface is comprised of a compact set of setup and control commands and a very
flexible userconfigurable datautput format. The commands and data are divided idtmcommand sets and data

setscorresponding to the internal architecture of the devicEhefourO2 Y Y I ¥ R

asSida

O2yarai

commands (a set that is commacross many types otdices)a set ofunified DM (3D Motion) commands that
aShd 2F a9alAYlrdAz2y CAtGSNE O¢2

are speific to the MicroStrain inertial product/iS |
aAONR{GNIAY yI@AALGAZ2Y
systems comprised of more than one intetisansor block. The data set represent thges of data that the3DM-
GX¥Aa OF LI 6f S INUE(IndrdidBVIBacz@eingnBONE- & Estidation Filteg data.

Base commands

3DMcommands
EstimationFilter commands

System commands

IMU data

Estimation Filter data

Ping, Idle, Resum&et ID Strings, etc.
PollIMU Data, PollGPS Data, etc.

YR FROFYOSR

ResetEstimationFilter, etc.

Switch Communications Mode, etc.

Pl ow{

RS@PAOSasx

Acceleration Vector, Gyro Vector, Euler Angles, etc.

Attitude, Acceleration Estimates, etc.

The protocol is packet based. All commands, replies, and data are sent and rexefieddsn a message packet
The packethiave a descriptotype field based on their contents, so it is eagyidentify if a packet contains
commandsyeplies,or IMU data.

Gyros

Accels

Extended
Kalman
Filter

GX

<

Cmd/Reply Packe>

Data Packets>
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3DM-GX4®-25 Data Communications Protocol

Command and Data Summary
Below is a summary of the commands and data available in the programming inte@faoenands and data are
denotedby two values The first value denotes the R S & Od9¢# thafitedmmand or data belongs (Base
command,3aDMcommand MU data, or GPS datand the second value denotes the unigcemmand or data
odescriptok in that set.

Commands

Base Command Set(0x01)

3D

—m-m_a_a_&a_o_®_®_-8_2_92_2_8_9_-2_.8_.8_-a < _a_-8_-2_-2_.2_-2_-2.-2

Ping (0x01, 0R1)
Set To Idle (0x01, 002)
Get Devicénformation (0x01, 0X03)
GetDeviceDescriptorSets (0x01, 0x04)
DeviceBuilt-In Test(BIT) (0x01, 0R5)
Resume (0x01, 0x06)
GPS Tim&pdate (Ox01, 0x72)

Device Reset

Command Set (0x0C)

(0x01, OX7E)

PollIMU Data (Ox0C, 0x01)
PollEstimation FilteData (Ox0C, 0x03)
GetIMU DataBaseRate (Ox0C, 0x6)
GetEstimation FilteData Base Rate (Ox0C, 0x0B)
IMU Message Format (Ox0C, 0x8)

Estimation FilteMessage Format

Enable/Disable Device Continuous Data Stream

Device Startup Settings
IMU Hard Iron Offset
IMU Soft Iron Matrix

(Ox0C, 0x0A)
(0x0C, 0x11)
(0x0C, 030)

(Ox0C, 0x3A)
(0x0C, 0x3B)

Accel Bias (Ox0C, 0x37)
Gyro Bias (Ox0C, 0x38)

Capture Gyro Bias

Coning and Sculling Enable
Change UART BAUD rate
Advanced LowPasdgFilter Settings
ComplementanFilter Settings

(0x0C, 0x39)
(0x0C, OX3E)
(0x0C, 040)

(0x0C, 0x50)
(Ox0C, 0x51)

Device Status (Ox0C, 084)
Estimation Filter Command Set (0x0 D)
1 Reset Filter (Ox@D, 0x01)
1 Set Initial Attitude (0Ox0D 0x02)
1 Set Initial Heading (Ox0D Ox®)
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=2 =4 =8 =8 =8 =8 -8 o8 of oo oo

Set Initial Heading witMagnetometer

Tare Orientation

Sensor to Vehicle Frame Transformation

Estimation Contrl

Heading Update Control

Auto-Initialization Control

GyroscopaVhite Noise Standard Deviation

Gyroscope Bias Model Parameters

Enable Measurement

Accelerometer Noise

Magnetometer Noise

DeclinationSource

AccelMagnitudeError Adaptive Measurement Control
MagnetometerMagnitudeError Adaptive Measurement Control
Magnetometer Dip Angl&rror Adaptive Measurement Control
External Headintypdate

External Heading Update witfimestamp

Angular ZereRate Update Control

Commanded Zerédngular Rate Update

Set Refegnce Position

System Command Set (0x7F)

f

Communication Mode

* Advanced Commands

(Ox0D, 0x04)
(Ox@D, 0X21)
(Ox@D, 0x11)
(Ox0D, 0x14)
(0Ox0D, 0x18)
(0x0D 0x19)
(0x0DQ 0XLB)
(OxD, 0x1D
(Ox0D, 0x41)
(0x0D 0x1LA)
(Ox0DQ 0x42
(Ox0DQ 0x43
(Ox0D, 0x44)
(Ox0D, 0x45)
(Ox0D, 0x46)
(Ox@D, 0x17)
(Ox0D, 0x1F)
(0x0D, 0x20)
(Ox0D, 0x23)
(Ox0D, 0x26)

(OX7F, 0x10)
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Data

IMU Data Set (set 0x80)

= =4 4 -4 -4 -4 _9_49 -3 _4_°_-2

Scaled Accelerometé&fector
Scaled Gyro Vector

Scaled Magnetometer Vector
Scaled Ambient Pressure

Delta Theta Vector

Delta Velocity Vector

CF Orientation Matrix
CFQuaternion

CF Euler Angles

CF Stabilized Mag Vector (North)
CF Stabilized Accel Vector (Up)
IMU GPS Correlated Timestamp

Filter Data Set (set 0x82)

SR I R B I R B B

10

Filter Status

Filter GPS Timestamp

Estimated Qaternion

Estimated @entation Matrix

Estimated Eiler Angles

Estimated Gyro Bias

Estimated Attitude Uncertaint{Euler Angles)
Estimated Attitude Uncertainty (Quaternion Elements)
Estimated Gyro Bias Uncertainty
EstimatedLinear Acceleration
EstimatedAngular Rate

WGS84 Local Gravity Magnitude
EstimatedGravity Vector

HeadingUpdate Source State

Magnetic Model Solution

Pressure Altitude

(0x80, 0x@)
(0x80, 0x6)
(0x80, 0x6)
(Ox80, 0x17)
(0x80, 0x07)
(0x80, 0x08)
(0x80, 0x0Q)
(0x80, 0x0A)
(0x80, 0x0C)
(0x80, 0x10)
(0x80, 0x11)
(0x80, 042

(0x8, 0x1L0)
(0x82, 0x11)
(0x82 0x03)
(0x82 0x04)
(0x82 0x05)
(0x8, 0x06)
(0x82 0x0A)
(0x82 0x12)
(0x82 0X0B)
(0x82, Ox0OD)
(0x&, 0X0B
(Ox82, 0xOF)
(0x82, 0x13)
(Ox82, 0x14)
(0x82, 0x15)
(0x82, 0x21)
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3DM-GX4®-25 Data Communications Protocol

Basic Programming

The 3DMGX425 is designed to stream IM&hd 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
messa@s and data rates are configured. The configuration stage is followed by a data streaming stage where the
program starts the incoming data packet stream.

IMU Extended <Cmd/RepIy Packe>
Kalman | GX425

Filter

In this sectiorthere 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 3DMGX425 either through a COM utilitgr as a template for software development.

MIP Packet Overview

This is an overview of the 3DBIX42p LJ- O1 S a i NHzO{ dzNB o ¢KS LI O1S0 aidNuzo
A reference to the general packet structure is presented inMiié Packet Referensection. An overview of the

packet is presented here.

¢KS alLt LI O1S0G a6NILIISNE O2yaraida 2F F F2dzNJ oeddS KSIHI
Header Checksum
SYNC1 | SYNC2 | Descriptor Payload MSB LSB
filuo i e o Setbhyte Length byte
0x75 | 0x65 0x80 Ox0E 0x83 OxE1

4

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

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

30A00 1T £ 0AAEADS j3/0q OOU
for every MIP packet and are used to identify the start of
the packet.

11
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3DM-GX4®-25 Data Communications Protocol

The packet payload section contains one or more fields. Fields have a length byte, descriptantbgtata. The

diagram below shows a packet payload with a single field.

Packet Payload
Field Length Field Descriptor Field Data
byte byte
0xO0E 0x06 Ox3E 7A 63 A0
0xBB 8E 3B 29
Ox7F E5 BF 7F

J/

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

Descriptor byte. This byte identifies the contents
of the field data. This descriptor indicates that th
data is a mag vector (set: 0x80, desaipOx06)

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

Below is an example of a packet payload with two fields (gyro vector and mag vector). Note the payload length byte
of Ox1C which is the sum of the two field length bytes OxOE + OxOE:

Packet Payload (2 fields)
Payload| Fieldl Fieldl Field1l Data Field2 Field2 Field2 Data
Length Len Descriptor Len Descriptor
0x1C 0x0E 0x®B Ox3E 7A 63 A(] OxOE 0x06 0x3E 7A 63 AQ
0xBB 8E 3B 24 0xBB 8E 3B 24
Ox7F E5 BF 7H Ox7F E5 BF 7H

12
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Command Overview
The basic commahsequence 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 fidddditfcaral
data is included in a reply, it appears as a second field in the packet.

@Al D1 A O0ET Cco #1111 AT A 0AAEAOQ(
. S8t26 Aa +y SEFYLES 2F | atAy3Ié O2YYFEYR LI O1SG FNBY |
Header Packet Payload Checksum
SYNC1 | SYNC2 | Descriptor Payload Field Length Field Descriptor Field Data MSB LSB
fiuo i e 0| Setbyte Length byte byte byte
0x75 | 0x65 0x01 0x02 0x02 0x01 N/A OxEO 0xC6

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

Copy-Pastever si on: A7565 0102 0201 EOCG60O
¢KS LI O1SG KSFERSNI KFa (GKS & dzSMIP gackétNIhehdgsariptar &dfye (0s02)i Sa O
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
descriptorbyte (0x01) of the field. The field descriptor vaisithe command value. Here the descripidentifies
theO2YYlF YR a GKS atAy3dé O02YYIFIYR FNRY GKS .1a&asS 02YY!l yR
with the ping command, so the field datempty. The checksum is a two b¥ietcher checksurtsee theMIP
Packet Referencfor instructions on how to compute a Fletcher two byte checksum).

@Al b1 A OOEiT Ctdt 2API U O0AAEA
¢KS GtAy3dé O02YYIFYyR gAff ISYSNIraGS I NBLX @& LI O1SG FTNRY
The ACK/INACKeIdO2y i Ayad |y aSOK2é¢ 2F (G(KS O2YYlIyR 06@80GS LI dza

Header Packet Payload Checksum
SYNC1 | SYNC2 | Descriptor Payload Field Length Field Descriptor Field Data: 2 bytes MSB LSB
filuo i e o Setbhyte Length byte byte byte
0x75 | Ox65 0x01 0x04 0x04 OxF1 Command echo: 0x01 0xD5 Ox6A
Error code: 0x00

anonzeroerrorcodéh & I db!/ YEY
Copy-Paste version: n7565 0104 04F1 0100 D56 A

CKS LI O1SG KSIRSNI KFa (KS ddzSMIP gacket-NThedygsariptardef fyte @) S & O |
identifies the payload fields as being from tBase 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 (OxF1) of the field. The field descrippitbS A RSYGAFTASAa (GKS NBLX & I &
.FAS O02YYlIYyR RSAaONARLII2NI aSido ¢tKS FASETR RIGF O2yarai:
error code for the command (0x00). In this case the error is zero, so the field regiesdnty’ 8dmé &xamples

13
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ofnonzeroSNNE2 NJ O2RS& GKIFG YAIKEG 06S aSyid INB aGAYS2dzié sz ay
The checksum is a two bykgetcher checksur(see theMIP Packet Referender instructions on how to compute a
Fletcher two byte checksum)

The ACK/NACK descriptor valieF1)is the same in all descriptor sets. The value belongs to a set of reghkrivabl
descriptor values.

Thereplypacket may have additional fields that contain informatiomeplyto the command. For example,
requestingDevice Statuwill result in areplypacket that contains two fields the packet payloadan 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
AGNBFY RIFEGE LI O1SGa 2Adi SE2 YRS srk2aK yANITRMNI YI 205 ¥R
G2 3S4 RIFEGF o0& aLRttAYyIE 062yS REFEGE LI O1SG LISNI NBIjdzSa i
same way.

Example Data Packet:

Header Packet Payload Checksum
SYNC1 | SYNC2 | Descriptor Payload Field Length Field Descriptor Field Data: Accel vector MSB LSB
fiuo i e 0| Setbyte Length byte byte byte (12 bytes, 3floati X, Y, Z)
0x75 | 0x65 0x80 0x0E 0x0E 0x04 Ox3E 7A 63 A0 0x92 0xCO0
0xBB 8E 3B 29
Ox7F E5 BF 7F

Below is an example of a MIP data keicwhich has one field that contains the scaled accelerometer vector.
Copyt &S @SNERAZ2YY aT1pcp ynn9 n9nan 091! co!n

¢KS LI O1Si K& RININKIIAY i kiR yodzD e iSa OKI NI OGSNAaGAO 27
identifies the payload field as being from the IMU data set. The length of the packet payload portion is 14 bytes
(OXOE). The payload portion of the packet starthhe 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 bfyles) representing the X, Y, and Z axis values

of the vector. The checksum is a two bykgetcher checksur(see theMIP Packet Referender instructions on how

to compute a Fetcher 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 precisien3&EHR&ating point
numbersinbigcSY RALFY 06&83G4S 2NRSNJ FYR (KFd GKS @I fdzSa NBLNBaSy
vector order. Any other specification would require a different descriptor (se®tia Referencesedion of this

manual).

14
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Each packet can contain any combination of data quantities from the sameldstaiptorset (any combination of
IMU data OR and combination of Estimation Filter day@u cannot combine IMUata and Estimation Filter datin
the same packet).

Data polling commands generate two individugplypackets: 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 andEstimation Filtedata packes 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 wdldent 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 thElU Message Formatommand.

15
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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 3D X425 either programmatically or by using a COM utility 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 3DKaX425 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 configurations 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 pasy eliminating the need to perform the
configuration again.

Step 1: Put the Devicein Idle Mode (Disabling the IMUand Estimation Filter data -streams)
{ SYR SétRSdied O2YYIlIyR G2 Llzi GKS RSOAOS Thisflis ndtke§uiredit S & d | G
reduces the parsing burden during initialion and makes visual confirmation of the commands easier:

MIP Packet Header Command/Reply Fields Checksum
Step 1
Desc Payload | Field Cmd Field

e B2 Set Length Length Desc. Data Lk =5
Command 0x75 0x65 0x01 0x02 0x02 0x02 N/A OxE1l | OxC7
Set to Idle
Reply 0x75 0x65 0x01 0x04 0x04 O0xF1 | Cmd echo: 0x02 0xD6 | 0x6C

ACK/NACK Error code: 0x00

Copy-Paste version of thecommand: A" 7565 0102 0202 E1C70

Step 2: Configure the IMU data-stream format

{ Sy FBetIMU Mlessage Formét O2 YYlI YR ONBLX & A& !/ YKb!/ YOO ¢tKAA SE
accelerometer, and GPS Correlation Timestamp informatidi®@® Hz {000Hz base rate, with a ratiecimation of

1 on the 3DMGX425 =1000 Hz.) This will reltiun a single IMU data packet sent300 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 diffeneiés were requested, then each packet would only
contain the data quantities that fall in the same decimation frame (seévthkiple Rate Datasection). If the

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

Please note, this command will not append the requested descriptors to the ditédata-stream configuration,
it will overwrite it completely.

16
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Step 2

MIP Packet Header

Command/Reply Fields

Checksum

Syncl

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
15t 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 OxF1

Cmd echo: 0x08
Error code: 0x00

OxE7

OxBA

Copy-Paste version of the command: i 75 6 5

0OCoD O0DOS8

Step 3: Configure the Estimation Filter data -stream format
The following configuration ecomand requests the Estimatdgliler AngleEstimated.inear Acceleratiorand
EstimatedAngular Ratd 00 HZA500Hz base rate, with a rate decimation®f 100Hz.) This will result in a single
Estimation Filter packet sent at 100 Hz containing the reaefields 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 Dateasection). If the stream &s not disabled in the previous step, the Estimation Filter data would

begin stream immediately.

0103

0400

0105

Please note, this command will not append the requested descriptors to the dostenation Filtedata-stream
configuration, it will overwrite it complelg

MIP Packet Header Command/Reply Fields Checksum
Step 3
Desc Payload | Field Cmd Field
Sl STEZ Set Length Length Desc. Data il L5E
0x75 0x65 0x0C 0x10 0x10 0x0A | Function: 0x01 Ox3F | 0x31
Desc Count: 0x03
Command EF Euler: 0x05
New Estimation Rate dec: 0x0005
Filter Message EF Accel: 0xOD
Format Rate dec: 0x0005
EF Ang Rate: OXOE
Rate dec: 0x0005
Reply 0x75 0x65 0xoC 0x04 0x04 OxF1 | Cmd echo: 0x0A OxE9 | OxBE
ACK/NACK Error code: 0x00

Copy-Paste version of the command: 7565 0COD O0DOA 0103 0500 050D 0005 OEQ0 053D AAQ

24 LORD MicroStrain®
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Step 4: Save thdMU and Estimation Filter MIP Message format

¢2 al gs

0KS

L a,

FYR 9QAaAGAYFGA2Y CAfGSNI alLt
9altAYlIGAZ2Y CAftGSNI aSaalrasS C2NXI
packet. Notice that the two reply ACKs comes in one packet also. Alternatively, they could be sent as separate

packets.
MIP Packet Header Command/Reply Fields Checksum
Step 4
Desc Payload | Field Cmd Field
=Y e Set Length Length Desc. Data ikt L=
Command field 1 0x75 0x65 0x0C 0x08 0x04 0x08 Function: 0x03
Save Current IMU Desc count: 0x00
Message Format
Command field 2 0x04 O0x0A Function: 0x03 OXOE | 0x31
Save Current Desc count: 0x00
Estimation Filter
Message Format
Reply field 1 0x75 0x65 0x0C 0x08 0x04 O0xF1 | Cmd echo: 0x08
ACK/NACK Error code: 0x00
Reply field 2 0x04 OxF1 | Cmd echo: Ox0A OxEA | 0x71
ACK/NACK Error code: 0x00
Copy-Paste version of the command: i 7565 0C08 0408 0300
Step 5: Enable the IMU and Estimation Filter data-streams
{ Sy REnkabfe/Disable Continuous Streém O2 YYIF YR G2 Syl oftS G4KS La!

040A 0300

MIP Packet Header Command/Reply Fields Checksum
Step 5
Desc Payload | Field Cmd Field
Sl Bz Set Length Length Desc. Data i —EE
Command field 1 0x75 0x65 0x0C Ox0A 0x05 Ox11 Fctn: Ox01
Enable Continuous IMU: 0x01
IMU Message ON: 0x01
Command field 2 0x05 Ox11 Fctn: Ox01 0x24 | OxCC
Enable Continuous Estimation Filter:
Estimation Filter 0x03
Message ON: 0x01
Reply field 1 0x75 0x65 0x0C 0x08 0x04 OxF1 Cmd echo: Ox11
ACK/NACK Error code: 0x00
18
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Step 6 (Optional): Resume the Device
{ SYRA yRasudék SOBY Y YR A&

Reply field 2 0x04 OxF1 | Cmd echo: 0x11 OxFA | 0xB5
ACK/NACK Error code: 0x00
Copy-Paste version of the command: n 7565 OCOA 0511 0101 0105 1101

| y-eénébkng teinsymBsioK & ehabed datd Btreams (reply is

ACK/NACK).
MIP Packet Header Command/Reply Fields Checksum
Step 6
Desc Payload | Field Cmd Field
SHEL STER Set Length Length Desc. Data = L2
Command 0x75 0x65 0x01 0x02 0x02 0x06 N/A OxE5 | OxCB
Resume
Reply 0x75 0x65 0x01 0x04 0x04 O0xF1 | Cmd echo: 0x06 OxDA | Ox74
ACK/NACK Error code: 0x00
Copy-Paste version of thecommand: A 7565 0102 0206 E5CBO
19
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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. Thenain 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 datastreams)
Same as continuous streaming. $éeve

Step 2: Configure the IMU data-stream format
Same as continuous streaming. $éeve

Step 3: Configure the Estimation Filter data -stream format
Same as continuous streaming.e@&ove

Step 4: Save thdMU and Estimation Filter MIP Message format
Same as continuous streaming. a&eve

Step 5: Resume the Device
Same as continuous streaming step 6. Seeve

Step 6 Send individual data polling commands

Send individuaPollIMU Dataand PollEstimation FilteDatacommands in your data collectioodp. 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 fo the type of data (IMU or Estimation Filter):

MIP Packet Header Command/Reply Fields Checksum
Step 7
Desc Payload | Field Cmd Field
Sl STEZ Set Length Length Desc. Data il L5E
Command 0x75 0x65 0x0C 0x04 0x04 0x01 Option: 0x00 OXEF | OxDA
Poll IMU Data Desc Count: 0x00
Reply 0x75 0x65 0x0C 0x04 0x04 0xF1 | Cmd echo: 0x01 OXEO | OxAC
ACK/NACK Error code: 0x00

0x75 0x65 0x80 0x1C O0x0E 0x04 Ox3E 7A 63 A0
0xBB 8E 3B 29
Ox7F ES BF 7F

IMU Data Packet
field 1 (Gyro Vector)

O0x0E 0x03 Ox3E 7A 63 AO OxAD | OxDC
0xBB 8E 3B 29
Ox7F E5 BF 7F

IMU Data Packet
field 2(Accel Vector)

CopyPaste version of the command:tT pcp n/ nn nannam nnnn9C 51! ¢
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You may specify the format of the data packet on agmling-command basis rather than using the et data
format (see thePoll IMU Datand Poll Estimation Filter Datsectiong

The polling command has an option to suppress the ACK/NACK in order to keep the incoming stream clear of
anything except data packetsSet the option byte to 0x01 for this feature.

21
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Parsing Incoming Packets

Setup is usually the easy part of programmiimg 3DMGX425. 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 ofofeia 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 necés$mve the

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

IMU Extended

Kalman GX425
Filter Data Packets>
[ ]

¢tKS GRSAONALIGI2NI aSG¢ | dzI fedtuFekhatNdedtyaids theSnarmgementditi@| SG KS|I |
incoming packet stream by making it easy to sort the packets into logicatsedms 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
AYyO2YAYy3 a0NBIFY 2F OKIFNIOGSNAE F2NJ 0KS LI O1SG &aidl NIAY:
based on the packet lengthtyS ¢ KA OK | NNA@Sa | FGSNJ 0KS adzsS¢ I yR RS

2y @2dzNJ gl AG 221 Ay OFasS e2dz2NJ adNBFY A& 2dzi 2F ae
sequence. If you timeout, restart the parsing with theifirs OK I NI OG SNJ I FGSNJ 6 KS 3IK241
sync, it is rare that you will hit a timeout unless you have an unreliable communications link. After verifying the
OKSO1adzyz SEIFYAYS GKS aRS&ONA LI 2 Nls §iof iminediitalydhbvirto Hantlle G K S
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 sed) aata handler (if it is an IMar 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 bufferler hand
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 foediffeacket 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. Séeanced Programming Moddection for more information on

this topic.
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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 applicaticimie
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 typ is just an option that simplifies the implementation of more sophisticated applications.

Multiple Rate Data

The message format commandslJ Message Formaind EstimationFilter Message Formaiallow 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 (>100bthethiduiU 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 amncommon 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 coinciddsthe 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 acceledatzefield 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 Accel Accel Accel Accel Accel Accel Accel
Mag Mag Mag Mag

If a timestamp is included at 100Hz, then the timestamp will also be included in every packet in this example. Itis
important to note thatthe data in a packet with a timestamp is always synchronous with the timestahip.
assures that multiple rate da is always synchronous.

Packet 1 Packet 2 Packet 3 Packet 4 Packet 5 Packet 6 €.
Accel Accel Accel Accel Accel Accel Accel
Timestamp Mag Timestamp Mag Timestamp Mag Timestamp
Timestamp Timestamp Timestamp
23
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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 wergampled at the same time.

IMU and Estimation Filtedlata are generated independently byree systems with different clocks. The importance
of time is different in each system and the data they produce. IWiédata requires precise microsecond
resolution and perfectly regular intervals in its timestamphe Kalman Filter resides on a separate processor and
must derive its timing information from thiMU data

The time base difference is one of the factors thatemsitate separation of thivilU and Eimation Filterdata 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 timestamgther words, IMU data is
always grouped with a timestamp generated from the IMU time base,Estimatiopn Filtedata is always growgul
with a timestamp from the Estimation Filtéme base, etc.

All data streams (IMnd Estimation Filter) on the 3DEX42p 2 dz(i LJdz(i  HorndetBed timestamp, Jiis

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 GR8e UpdateCommands applied
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Communications Bandwidth Management

Because of the large amount and variety of data that is available from the GRARZS5, it is quite easy to overdrive
the bandwidth of thecommunications channel. This can result in dropped packets. TheG#5 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 thins 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 watchingifopped 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 possibldgo 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 pkets. If there are dropped packets, increase the BAUD rate, reduce the data

rate, or decrease the size or number of packets.

B X fr) 410 (5 X far)l

Where

Sp = Size of data field in bytes
fur = fleld data rate in Hz
fmr = maximum data rate in Hz
n = size of UART word = 10bits
k = Size of MIP wrapper = 6 bytes

which becomes

60fy + 10 Z(sf X far)

Example

For an IMU message format of Accelerometer Vector (14 byte data field) + Internal Time6thyte (ata field),
both at 100 Hz, the theoretical minimum BAUD rate would be:

— 60 x 100 +10((14 X 100) + (6 X 100))
— 26000 BAUD

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, widdower 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 roppeed.
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USB vs. UART

The 3DMGX-25 has a dual communication interface: USB or UART. There is an important difference between USB
FYR !'twe¢ O2YYdzyAOFGA2Y gAGK NBIFNRaE (G2 RI G22I yYRSARIG
implementsrunsa} { . -@F8BAR¢ aSGGAYy3I 2F mMHaoa oYSIlFoAlbaslasds NI as
system and so the slave (3BGM-25) can only communicate when polled by the master. This results in inconsistent
data streaming; that is, the data comes in sps 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 3[N-25 operates without UART handshaking which measgeams

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 streastapwithout dropping

packets.

In practice JSB 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 iotree 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.
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Command Reference

Base Commands

The Base command set is common to many Micaistdevices. 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 se

Ping (0x01, Ox01)

Description {SYR I atAy3¢ 0O2YYl YR
Notes Device responds with ACK/NACK packet if present.
Field Format Field Length | Field Descriptor Field Data
Command ox@ 0ox0L N/A
Reply 0x04 OxF1 U8¢ echo the commandyte
ACK/NACK U8¢ error code (0:ACK, nezeraNACK)
MIP Packet Header CommandReplyFields Checksum
Example : : .
Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. Data MSB | LSB
Cg?}g‘a”d 0x75 | Ox65 | Ox01 | Ox02 | O0x02 | Ox01 OXEO | 0xC6
0x75 0x65 0x01 0x04 0x04 O0xF1 | Command echo: | OxD5 | Ox6A
Reply 0x01
ACK/NACK Error code0x00

Copyt &S @SNRERA2Y 753F010RRD1LEDE6Y YI Y RY &
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Set To Idle (0x01, 0x02)

Description Place device into idle mode.

Command has no parameterBeviceresponds with ACK successfullplaced in idle
Notes mode. This command will suspend streaming (if enabled) or wake the device fror

sleep (if sleeping) to allow it to respond to status and setup commands. You may

restore the device mode by issuing tResumecommand.
Field Format Field Length | Field Descriptor Field Data
Command ox@2 (0% N/A
Reply 0x04 OxF1 U8¢ echo the command byte

ACK/NACK U8c¢ error code (0:ACK, nerero:NACK)

MIP Packet Header CommandReplyFields Checksum

Example . . .
Desc Payload | Field Field Field

S, S Set Length | Length | Desc. Data LI ST
Command 0x75 | 0x65 | 0x01 | 0x02 | ox02 | Oxe2 OxEL | ox&7
Set To Idle

0x75 0x65 0x01 0x04 0x04 OxF1 Command echo: | 0xD6 | Ox6C
Reply OXCP
ACK/NACK Error code0x00
Copyt &S @SNRAZ2Y 73F01RRDP2EACTY Y| YRY &
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Resume (0x01 , 0x06)

Description Place device back into the mode it was in before issuing#tero Idleommand If
P the Set To Idle command was not issued, then the device is placed in default mo
Notes Command has no parameters. Device responds with ACK if stream successfullyj
enabled.
Field Format Field Length | Field Descriptor Field Data
Command ox@2 0x06 N/A
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8c¢ error code (0: ACK, nezero: NACK)
MIP Packet Header CommandReplyFields Checksum
Example . . .
Desc Payload | Field Field Field
S, S Set Length | Length | Desc. Data LI ST
Command 0x75 | 0x65 | Ox01 | 0x02 | ox02 | oxw6 0xB | Ox@®B
Set To Idle
0x75 0x65 0x01 0x04 0x04 OxF1 Command echo: | OxDA | 0x74
Reply OX06
ACKINACK Error code0x00

Copyt  a0S @SNEA2Y 2F (GKS O2YYlFIYRY artpcp Amn
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Get Device Information (0x01, Ox 03)

Description Get the device ID strings and firmware version
Notes Replyk & G662 FASERAY da!/ Ykb!/YéE YR a5 9
Field Format Field Length [Field Descriptor |Field Data
Command ox@2 0x03 N/A
Replyield 1 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8¢ error code (0: ACK, nexero: NACK)
0x52 0x81 Binary Description | Data Type | Units
Offset
0 Firmware uile N/A
Version
2 Model Name | String(16) | N/A
Replyfield 2 18 Model String(16) [ N/A
Device Info Field Number
34 Serial String(16) [ N/A
Number
50 Lot Number | String(16) | N/A
66 Device String(16) [ N/A
Options
MIP Packet Header CommandReplyFields Checksum
Example Pa ! i i
yload | Field | Field Field
Syncl Sync2 | Desc Set Length | Length | Desc. |Data MSB LSB
Command 0x75 | 0x65 | 0x01 | 0x02 | 0x02 | oxo3 OxE2 | OxGB
GetDevice Info
. 0x75 0x65 0x01 0x58 | 0x04 | OxF1 Command echo:
ReplyField 1 OXCB
ACK/NACK Error code0x00
0x54 | 0x81 | FW VersionOxO3FL | Ox##t | Oxt##
. fi -G B6 O
ReplyField 2 A 34-622 0
Device Info Field f 6243- 00009 o
n
fi 5 g ps 03

Copyt 805 DSNEAZ2Y 75550102RD3IEESY Y YRY da
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GetDevice Descriptor Sets (0x01, 0x 04)

Description Get theset of descriptors that this device supports
Replyk & (62 FA St RabDeéscdptors. YTheoDescriptors field iR ancarray
Notes of 16bit values. ThéMSBspecifies the descriptor set and th&Bspecifies the
descriptor.
Field Format Field Length | Field Descriptor | Field Data
Command ox@ ox4 N/A
Replyield 1 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8¢ error code (0: ACK, nexero: NACK)
2 x<Number of| 0x82 Binary | Description Data Type
descriptors> + Offset
2
0 MSB: Descriptor Set U16
LSB: Descriptor
Replyfield 2 P
Array of Descriptar .
1 MSB: Descriptor Set ul6
LSB: Descriptor
X <etc> X
MIP Packet Header CommandReplyFields Checksum
Example Pa , : :
yload | Field | Field Field
Syncl Sync2 | Desc Set Length |Length | Desc. |Data MSB LSB
Command 0x75 | Ox65 | 0x01 | 0x02 | 0x02 | Ox04 OXE3 | OxQ@
Get Device Info
. 0x75 0x65 0x01 0x04 [ Ox04 | OxF1 Command echo:
ReplyField 1 Oxot
ACKINACK Error code0x00
<n*2>| 0x82 0x0101 Oxtt#t | Oxtt
0x0102
0x0103
. X
,I:rerzlyf)lf :gezscri tors 0x0C01
y P 0x0C@
X
nth descriptor:
0x0C72

Copyt A0S OSNRERAZ2Y 2F (UKSBQ®2YYlIYRY aT1pcp AMA
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Device Built -In Test  (0x01, 0x 05)

Run the device Builh Test (BIT). THauilt-In Test commandlways returns a 32 bit
Description value. A value of 0 means that all tests passedioA-zero value indicates that not a
P tests passed. The failure flag® device dependent. The flafgs the 3DMGX4-25
aredefined below.
3DM-GX425BIT Error Flags:
\ Byte \ Byte 1 (LSB) \ Byte 2 Byte 3 Byte 4 (MSB)
Device Processor Board SensoBoard Reserved Kalman Filter
Bit 1 (LSB) WDT Reset IMU Reserved Solution Fault
(Latching, Reset | Communication
after first Fault
commanded BIT)
Notes Bit 2 Reserved Magnetometer Fault Reserved Reserved
(if applicable)
Bit 3 Reserved Pressure Sensor Reserved Reserved
Fault (ifapplicable)
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 | FieldDescriptor FieldData
Command ox@2 0x0b N/A
Replyfield 1 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8¢ error code (0:ACKion-zero: NACK
Replyfield 2 0x06 0x83 U32¢ BIT Error Flags
BIT Error Flags
MIP Packet Header CommandReplyFields Checksum
Example = . . .
yload | Field Field Field
Syncl Sync2 Desc Set Length Length Desc. Data MSB LSB
Command 0x75 0x65 [ Ox01 0x02 0x02 0x05 N/A OxE4 | OxCA
Built-In Test
Replyfield 1 0x75 0x65 [ Ox01 O0x0A 0x04 0xF1 [ Echo cmdx05
ACK/NACK Error codeOx00
Replyfield 2 0x06 0x83 BIT Error Flags: | 0x68 | Ox7D
BIT Error Flags 0x00000000

Copyt A0S OSNHEA2Y 75F01R2RD5 BEA' Y Y RY 4

GPS Time Update(0x01 , 0x72)
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Description This message updates the internal GPS Time as reported nltherimestamp

This command enables synchronization of IMU/AHRS Timestamps with an exter
GPS receiver. When combined with a PPS input ajpalipin 7 of the i/o connector,
the GPS Correlation Timestamp in the inertial data output is synchronized with th
external GPS clock. It is recommended that this update command be sent once
second. See théPS3Correlation Timestamfor more information.

Possible function selector values:

Notes 0x01¢ Apply new settings

0x02¢ Read back current settings.

0x06¢ Apply new settings with no ACK/NACK Reply

Possible field selector values:

0x01¢c GPS Week Number.
0x02¢ GPS Seconds.

Field Format Field Length| Field Descriptor Field Data
0x08 0x72 U8 ¢ Function Selector
Command U8¢ GPS Time Field Selector

U32¢ New Time Value

Reply 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8c¢ error code (0: ACK, nezero: NACK)

Reply field 2 0x06 0x84 U32¢ Current GPS Week Value
(function = 2
selector = 1)
Reply field 2 0x06 0x85 U32¢ Current GPS Seconds Value
(function = 2
selector = 2)

MIP Packet Header Command/Reply Fields Checksum
Example . . .

Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. Data MSB | LSB
Fctn(Applypx01

Command

GPS Time Update 0x75 0x65 0x01 0x08 0x08 0x72 | Field(WeeR:0x01 | OxFD | 0x32

Val0x00000698

Reply 0x75 0x65 0x01 0x04 0x04 O0xF1 | Cmdecho:0x72 0x46 | 0x4C
ACK/NACK Error code0x00
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“

Copyt &S @SNRERAZ2Y 27F (KS0OLOD0PO6Y8HYX GTpcp AMAY N

Device Reset (0x01, OX7E)

Description Resets the 3DMGX4.
Notes Device responds with ACK if it recognizes the command and then immediately reg
Field Format Field Length | Field Descriptor Field Data
Command 0x02 OX7E N/A
Reply 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8¢ error code(0: ACK, nouzero: NACK)
MIP Packet Header Command/Reply Fields Checksum
Example : : .
Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. Data MSB | LSB
Command ox75 | oxe5 | oxo1 | ox | oxa | ox7E N/A 0x5D | 0x43
Set Reset
0x75 0x65 0x01 0x04 0x04 O0xF1 | Command echo:| 0x52 | Ox64
Reply OX7E
ACK/NACK Error code0x00

Copyt &S @SNERAZ2Y 2F (KS O2YYlIYyRY Gtpcp Anwmn
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3DM Commands
The3DMcommand set is common to the MicroStrain Inertial sessioat support the MIP packet protocol
Because of the unified set of commanilss easy tanigrate code from one inertial sensor to another.

Poll IMU Data (0x0 C, 0x01)

Description Poll the 3DMGX4 for anIMU message with the specified format
This function polls for alMU 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 &SetIMU Message Formatommand.) If
no format is provided and there is no stored format, the device will respond with a
NACK.Thereply packet contains an ACK/NACK field. The polled data packet is sef
Notes
separatelyas an AHRS Data packet.
Possibl@ptionSelector Values:
0x00¢ NormalACK/NACReply
0x01¢ Suppress the ACK/NA@Ly.
Field Format Field Length | FieldDescriptor FieldData
4 +3*N 0x01 U8¢ Option Selector
Command U8¢ Number of Descriptors (N),
N*(U8 ¢ Descriptor, U16 Reserved)
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8c¢ error code (0:ACK, not 0:NACK)
MIP Packet Header CommandReplyFields Checksum
Examples Pa i i i
yload | Field Field Field
Syncl |[Sync2 |Desc Set Length |Length |Desc. |Data MSB LSB
Command 0x75 0x65 0x0C Ox04 0x04 0x01 | Option:0x00 OxE= | OxDA
Poll AHRS data (usq Desc countOx00
stored format)
0x75 0x65 | 0Ox0C O0x0A Ox0A [0Ox01 |Option:0x00 0x06 | Ox27
Command Desccount: 0x02
st H .
Poll AHRS data (us4 1¥ Descriptor:0x04
specified format) Reserved0x0000
P 2" Descriptorox0s
ReservedOx0000
Reply 0x75 0x65 [Ox0C 0x04 0x04 |[OxF1 |Echo cmdx01 OxEO |OxAC
ACK/NACK (Data Error codedx00
packet is sent
separately if ACK)
CopyPasteversiors of the commang:
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Stored formaY 7565 0C04 0401 0000 EFDA
{ LISOATFTASR TF2NXNI (Y 40000BO@O082EN! n! amM nAnH N
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Poll Estimation Filter Data (0x0 C, 0x03)

Description Poll the device for &stimation Filtemessage with the specified format
This function polls for Bstimation Filtemessage using the provided format. The
resulting message will maintain the order of descriptors sent in the command and
unrecognized descriptors are ignored. If the format is not provided, theedewil
attempt to use the stored format (set with theetEstimation FilteMessage Format
command.) If no format is provided and there is no stored format, the device will
Notes respond with a NACK. The reply packet cmstan ACK/NACK field. The polled dat
packet is sent separately as€atimation FilteData packet.
Possible Option Selector Values:
0x00¢ Normal ACK/NACK Reply.
0x01¢ Suppress the ACK/NACK reply.
Field Format Field Length | FieldDescriptor FieldData
4+3*N 0x03 U8 ¢ Option Selector
Command U8¢ Number of Descriptors (N),
N*(U8 ¢ Descriptor, U16 Reserved)
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8c¢ error code (0:ACK, not 0:NACK)
MIP PackeHeader CommandReplyFields Checksum
Examples . . .
Desc Payload | Field Field Field
ST, ST Set Length | Length | Desc. | Data ST LB
Command 0x75 0x65 [ OxOC | Ox04 0x04 | OxG3 | Option:0x00 OxF1 | OxEO
PollEstimation Desc countOx00
Filterdata (use
stored format)
Ox75 0x65 0ox0C Ox0A Ox0A | OX03 | Option:0x00 0x02 | Ox1E
Command Desc count0x02
PollEstimation 18t Descriptor:0x01
Filterdata (use Reserveddx0000
specified format) 2" DescriptorOx02
Reserveddx0000
Reply 0x75 0x65 | OxOC 0x04 0x04 | OxF1 | Echo cmdx03 OxE2 | 0xBO
ACK/NACK (Data Error codedx00
packet is sent
separately if ACK)
CopyPaste versionof the command:
{G2NBR FT2NXIOY Grtpcp n/nn anno AAAN
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{LISOAFTASR F2NXIGY aT1pcp nw/wOé Nl no AAAH N MN
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GetIMU Data Base Rate (0x0C, 0x06)

Description Get the base rate for the IMU data in Hz.
Returns the value used for data rate calculations. Seé\héMessage Format
Notes command.
Field Format Field Field _ FieldData
Length Descriptor
Command 0x02 0x06 none
Reply field 1 0x04 OxF1 U8¢ echo the command byte
ACK/NACK Field U8¢ error code (0:ACK, not 0:NACK)
Reply field 2 0x04 0x83 U16 - IMU databaserate (Hz)
Communications
Mode
MIP Packet Header CommandReplyFields Ase Sl
Example
svnel | svne2 Desc Payload | Field Field Field MSB | LSB
y y Set Length | Length | Desc. | Data
Command 0x75 0x65 0x0C 0ox02 0ox02 0x06 OxXFO | OxF7
GetCommunicationd
Mode
Replyfield 1 0x75 0x65 0x0C 0x08 0x04 OxF1 | Echo cmdOx06
ACK/NACK Error code0Ox00
Replyfield 2 0x04 | 0x83 | Rate decimation 0xD4 | 0x6B
Communication base 0x0064
Mode

Copyt &GS @SNRAZ2Y 2F (GKS O2YYlIYRY dGrtpcp nl/l n

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

Description Get the base rate for thEstimation Filtedata in Hz.
Notes Returns the value used for data rate calculations. Seé&gtignation FilteiMessage
Formatcommand.
Field Format Field Field . FieldData
Length Descriptor
Command 0x02 0x0B none
Reply field 1 0x04 OxF1 U8¢ echo the command byte
ACK/NACK Field U8¢ error code (0:ACK, not 0:NACK)
Reply field 2 0x04 0x8A U16 ¢ Filterdata base rate (Hz)
Estimation Filter
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Base Rate
MIP Packet Header CommandReplyFields Checksum
Example
svnel | syne2 Desc Payload | Field Field Field MSB | LSB
y y Set Length | Length | Desc. | Data
Command 0x75 0x65 0ox0C 0x02 0x02 0x0B OxF5 | OxFC
GetBase Rate
Replyfield 1 0x75 0x65 | Ox0C 0x08 0x04 | OxF1 | Echo cmdox0B
ACK/NACK Error code0Ox00
Replyfield 2 0x04 | OX8A | Base rate (Hz) OxEO | OX9E
Estimation Filter 0x0064
Base Rate

Copyt  a0S GOSNEA2Y 2F (K8FBBRYYlIYRY datpcp n/l n
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IMU Message Format (0x0C, 0x08)

Set read, or savéhe format of theIMU message packeftThis command sets the
. format for theIMU data packet when in standard mode. The resultatamessage
Description . L . i
will maintain the order of descriptors sent in the command. The command has a
function selector and a descriptarray as parameters.
Possible function selector values:
0x0L ¢ Usenew settings
0x@® ¢ Readback mirrent settings.
0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings
0x05¢ Reset to factory default settings
Notes The rate decimation field is calculated as followslkU messages
Data Rate = M Hz / Rate Decimation
The GX checks that all descriptors are valid prior to executing this command. If a
the descriptors are invalid for thidU descriptor set, a NACK will be returned and th
message format will be unchangetlhe descriptor array only needs to be provided i
the function selector is = 1 (Use new settings). For all other functions it may be ef
(Number of Descriptors = 0).
Field Format Field Length | Field Descriptor Field Data
4 + 3*N 0x08 U8- Function Selector
Command U8¢ Number of Descriptors (N),
N*(U8¢ Descriptor, U1& Rate Decimation)
Reply 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
Reply field 2 3+ 3*N 0x80 U8¢ Number of Descriptors (N),
(function = 2) N*(U8 ¢ Descriptor, U1& Rate Decimation)
MIP Packet Header Command/Reply Fields Checksum
Examples . . .
Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. | Data MSB LSB
0x75 0x65 0x0C Ox0A Ox0A | 0x08 | Function:0x01 0x22 | OxAO
Command
IMU Message Desc count9x02
Format (usg new 18t Descriptor:0x04
settings) Rate DecOx000A
9 2" Descriptordx05
41
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Rate DecOx000A
Reply 0x75 0x65 | OxOC | Ox04 0x04 | OxF1 | Echo cmdix08 OxXE7 | OxBA
ACK/NACK Error codedx00
Command 0x75 0x65 [ OxOC | Ox04 0x04 | 0x08 | Function:0x02 OxB | OxR
IMU Message Desc count9x00
Format (read back
current settings)
Reply field 1 0x75 0x65 [ OxOC [ Ox0D 0x04 | OxF1 | Echo cmdx08
ACK/NACK Error codedx00
0xm 0x80 | Desc countOx02 0x98 | OxOF
Reply field 2 18t Descriptor:0x03
CurrentiMU Rate DecOx000A
Message Format 2" Descriptorox04
Rate DecOx000A
CopyPaste version of the commasid
UseNew SGdAy3aYétpcp n/n! nlay amav annan na'n
wSIFR / dNNByd {SGdAy3ay dartrpcp n/nn nnny
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Estimation Filter Message Format (0xOC, 0x0A)

Set read, or savéhe format of theEstimation Filtemessage packetThis function
sets the format for theestimation FilteMIP data packet when in standard mode. Th

Description resulting message will maintain the order of descriptors sent in the command. Th
command has a function selector and a descriptor array as parameters.
Possible function selector values:
0x0L ¢ Usenew settings
0x@® ¢ Readback mirrent settings.
0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings
0x05¢ Reset to factory default settings
Notes The rate decimation field is calculated as followsHetimation Filtemessages
Data Rate 1000 Hz / Rate Decimation
Thedevicechecks that all descriptors are valid prior to executing this command. If
of the descriptors are invalid for tHesimation Filterdata descriptor set, a NACK will
be returned and the message format will be unchang&te descriptor array only
needs to be provided if the function selector is = 1 (Use new settings). For all oth
functions it may be empty (Number o&Bcriptors = 0).
Field Format Field Length | Field Descriptor Field Data
4 + 3*N 0x0A U8- Function Selector
Command U8¢ Number of Descriptors (N),
N*(U8¢ Descriptor, U1& Rate Decimation)
Reply field 1 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
Reply field 2 3+ 3*N ox8& U8¢ Number of Descriptors (N),
(function = 2) N*(U8 ¢ Descriptor, U1& Rate Decimation)
MIP Packet Header Command/Reply Fields Checksum
Examples . . .
Desc Payload | Field Field Field
S S Set Length | Length | Desc. | Data st s
0x75 0x65 0x0C Ox0A Ox0A | OxQA | Function:0x01 Ox0C | Ox6A
Command Desc countOx02
Estimation Filter 18t Descriptor:0x01
Message Format Data rate:0x00QL
(use new settings) 2" DescriptorOx02
Data rate:0x00QL
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Reply 0x75 0x65 | OxOC | Ox04 0x04 | OxF1 | Echo cmdix0A OxE9 | OxBE
ACK/NACK Error codedx00
Command 0x75 0x65 [ OxOC [ Ox04 0x04 | Ox0A | Function:0x02 OXFA | OxF9
Estimation Filter Desc count9x00
Message Format
(read back current
settings)
Reply field 1 0x75 0x65 | OxOC | Ox0OD 0x04 | OxF1 | Echo cmdix0A
ACK/NACK Error codedx00
0xm 0x8 | Desc countOx02 0x84 | OxED
Reply field 2 18t Descriptor:0x01
Current Data rate:0x00QL
Message Format 2" Descriptorox02
Datarate:0x00QL
CopyPaste version of the commasid
'aS bS¢ {SGldAy3aay €T1pcp n/n! nalna! AMAH M
wSIFR / dNNBydG {SGdidAy3ay aGrpcp n/nn nann! |
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Enable/Disab le Continuous Data Stream (0x0C, 0x11)

Control the streaming dMU andEstimation Filtedata. If disabled, the data from the
selected device is not continuously transmitted. Upon enabling, the most current d
Description will be transmitted (i.e. no stale data is transmitted.) The default for the devaié is
streams enabledFor all functions ecept 0x01 (use new setting), the new enable flag
value is ighored.

Possible function selector values:

0x0L ¢ Applynew settings

0x@® ¢ Readback mirrent settings.

0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings

0x05¢ Load factory default settings

The devicselectorcan be:

Notes
0x01¢ IMU
0x03¢ Estimation Filter
The enable flag can be either:
0x00¢ disable the selected stream.
0x01¢ enable the selected streanfdefault)
Field Format Field Length |Field Descriptor Field Data
0x(B 0x11 U8 ¢ Function Selector
Command U8¢ DeviceSelector
U8¢ NewEnable Flag
Reply field 1 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
Replyfield 2 0x04 0x85 U8¢ Device Selector
(function = 2) U8¢ Current Devic&nable Flag
MIP Packet Header Command/Reply Fields Checksum
Examples Pa i i i
yload | Field Field [ Field
Syncl Sync2 | Desc Set Length |Length |Desc. |Data MSB LSB
Command 0x75 0x65 [0Ox0C | Ox05 0x06 0x11 [ Function(ApplypPx01|0x04 | Ox1A

Device [MU): 0x01

IMU Stream ON Stream (ON)Ox01

0x75 0x65 [Ox0C | Ox05 0x06 0x11 | Function(Applypx01|0x03 |0x19
Device [MU): 0x01
Stream (OFFDx00

Command
IMU Stream OFF

Reply 0x75 0x65 [0Ox0C | Ox05 0x056 O0xF1 |Echo cmdx11 OXEF [OxCA
ACK/NACK Error codedx00
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CopyPaste version of the®O2 YY I YRY ETpcp n/ np NPMM AMAM M
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Device Startup Settings (0x0C, 0x30)

Description Save, Load, or Reset to Default the valuesfiatevicesettings

Possible function selector values:

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

Field Format Field Length | FieldDescriptor FieldData
Command (000 0x30 U8 ¢FunctionSelector
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8c¢ error code (0:ACK, not 0:NACK)
MIP Packet Header CommandReplyFields Checksum
Example : : .
Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. Data MSB | LSB
Command 0x75 0x65 | OxOC 0x03 0x03 0x30 Fctn(Savedx03 Ox1F | 0x45
Startup Settings
(Save All)
Reply 0x75 0x65 | Ox0C 0x04 0x04 OxF1 | Echo cmdx30 OxOF | Ox0A
ACK/NACK Error codedx00

Copyt  a0S @SNERAZ2Y 2F (GKS O2YYlFYRY aGtpcp nl n

IMU Hard Iron Offset (OxOC, 0x3A)

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

Possible function selector values:

0x01¢ Apply new settings

0x02¢ Read back current settings.

Notes 0x03¢ Save current settings as startup settings
0x04¢ Load saved startupettings

0x05¢ Load factory default settings

0x06¢ 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
OxOF 0x3A U8 ¢ FunctionSelector
float ¢ X Hard Iron Offset
Command

float ¢ Y Hard Iron Offset
float ¢ Z Hard Iron Offset

Replyfield 1 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
. OX0E 0x9C float ¢ current X Hard Iron Offset
Reply field 2
(function = 2) float ¢ current Y Hard Iron Offset
B float ¢ current Z Hard Iron Offset
MIP Packet Header Command/Reply Fields Checksum
Example . . .
Desc Payload | Field Field Field
YIS | Spies Set Length | Length | Desc. | Data LI ST
0x75 0x65 | OxOC | OxOF OXOF | 0x3A | Fctn(Applypx01 0x3F | 0x9F
Command Offset Vector:
Hard IronOffset 0x00000000
0x00000000
0x00000000
Reply field 1 0x75 0x65 [ OxOC [ Ox04 0x04 | OxF1 | Echo cmdOx3A 0x19 | Ox1E
ACK/NACK Error code0x00

Copyt a0 S @DSNEBA 2 Y 755F0CGFOS3A GLBOYORUO GOROYO0AH 0000 0000 0B3F 9F
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IMU Soft Iron Matrix (0x0C, 0x3B)

This command will read or write values to the magnetometer Soft Iron Compensd
Matrix. The values for this matrix are determined empiricallgxtgrnal software
algorithms based on calibration data taken after the device is installed in its
Description F LI AOQFGAZ2Y D ¢tKSasS @I tdzSa OF y MPFonz
I FEAONI GAZ2YE LI AOFGA2Y D ¢ K&er Wedtoll NA
prior to output.

Possible function selector values:

0x01¢ Apply new settings

0x02¢ Read back current settings.

0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings

Notes 0x05¢ Load factory default settings

0x06¢ 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

0x27 0x3B U8 ¢ FunctionSelector
float ¢ my1float ¢ my2float ¢ m3

Command float ¢ mz1float ¢ m2,2float ¢ m2;3
float ¢ mz,1float ¢ ms2float ¢ ms;3
Replyfield 1 0x04 OxF1 U8 ¢ echo the commandiescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
Reply field 2 0x26 0x9D float ¢ my,1float ¢ my2float ¢ my3

float ¢ mz,1float ¢ mz,2float ¢ m2;3

(function = 2) float ¢ ma,1float ¢ ms2float ¢ ms;3

MIP Packet Header Command/Reply Fields Checksum

Example Desc | Payload | Field | Field | Field

Set Length | Length | Desc. | Data MSB | LSB

Syncl Sync2

0x75 0x65 | Ox0C 0x27 0x27 | 0x3B | Fctn(Applypx01 OxAD | 0x59
Comp Matrix:
Command 0x3F800000
Soft Iron Matrix 0x00000000
0x00000000
0x00000000

49

24 LORD MicroStrain®
SENSING SYSTEMS



3DM-GX4®-25 Data Communications Protocol

0x3F800000
0x00000000
0x00000000
0x00000000
0x3F800000

Reply field 1 0x75 0x65 0x0C 0x12 0x04 | OxF1 | Echo cmdOx3B Ox1A | Ox20
ACK/NACK Error code0x00

Copyt 805 DSNEA 2 Y 755F0CH/REB M2FY800 §OROYD006 0000 0000 0000 0000 003F 8000 0000
0000 0000 0000 0000 0000 003F 8000 00AD 59
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Accel Bias (0x0C, 0x37)
Advanced

Set or read the current value of the IMU Accelerometer Bias Vedtar. all functions
Description except 0x01 and 0x06 (apply new settings), the new vector value is igndhedbias
value is subtracted from the scaled accelerometer value prior to dutpu

Possible function selector values:

0x01¢ Apply new settings

0x02¢ Read back current settings.

Notes 0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings

0x05¢ Load factory default settings

0x06¢ Apply new settingsvith no ACK/NACK Reply

Field Format Field Length| Field Descriptor Field Data

OxOF 0x37 U8 ¢ Function Selector
float ¢ X Accel Bias Value

Command float ¢ Y Accel Bias Value
float ¢ Z Accel Bias Value
Replyfield 1 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8c¢ error code (0:ACK, not 0:NACK)
Reply field 2 OxCE 0x9A float ¢ current X Accel Bias Value

float ¢ current Y Accel Bias Value

(function = 2) float ¢ current Z Accel Bias Value

MIP Packet Header Command/Repl¥ields Checksum
Example . . .
Desc Payload | Field Field Field
ST, ST Set Length | Length | Desc. Data LI 12
0x75 0x65 | OxOC | OxOF OxOF 0x37 Fctn(ApplypPx01 | 0x3C | Ox75
Command Field (Bias):
Accel Bias 0x00000000
0x00000000
0x00000000
Reply 0x75 0x65 | OxOC | Ox04 0x04 O0xF1 | Echo cmd@x37 0x16 | 0x18
ACK/NACK Error codedx00

Copyt A0S @SNHA 2y 755F0CGFOE37 CRA0YH0D ODROYD00A 0000 0000 083C 75
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Gyro Bias (0x0C, 0x38)
Advanced

Setor read the current value of the IMU Gyro Bias Vecteor all functions except
Description 0x01 and 0x06 (apply new settings), the new vector value is igndriee bias value ig
subtracted from the scaled Gyro value prior to output.

Possible function selemtvalues:

0x01¢ Apply new settings

0x02¢ Read back current settings.

Notes 0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings

0x05¢ Load factory default settings

0x06¢ Apply new settings with no ACK/NACK Reply

FieldFormat Field Length| Field Descriptor Field Data

OxOF 0x38 U8 ¢ Function Selector
float ¢ X Gyro Bias Value

Command float ¢ Y Gyro Bias Value
float ¢ Z Gyro Bias Value
Replyfield 1 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8c¢ error code (0:ACK, not 0:NACK)
Reply field 2 OXOE 0xoB float ¢ current X Gyro Bias Value

float ¢ current Y Gyro Bias Value

(function = 2) float ¢ current Z Gyro Bias Value

MIP Packet Header Command/Reply Fields Checksum
Example . . .
Desc Payload | Field Field Field
ST, ST Set Length | Length | Desc. Data LI 12
0x75 0x65 | OxOC | OxOF OxOF 0x38 Fctn(Applypx01 | 0x3D | 0x83
Command Field (Bias):
Gvro Bias 0x00000000
y 0x00000000
0x00000000
Reply 0x75 0x65 | OxOC | Ox04 0x04 0xF1 | Echo cmdx38 0x17 | Ox1A
ACK/NACK Errorcode0x00

Copyt  3aGS @DSNAA 2y 75550CGFOE38 (1R0YOS0D §OBOY000G 0000 0000 0G3D 83
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Capture Gyro Bias (0x0C, 0x39)

This command will cause the IMU to samplegigso sensors for the specified numbe
of milliseconds. The resulting data will be used estimate its gyro bias error. The

Description estimated gyro bias error will be automatically written to the Gyro Bias vector. Th
bias vector is not saved as a startup value. If yoh tassave this vector, use thgyro
Biascommand.
Possible Sampling Time valud€00 to 30000milliseconds. (1 to 30 sec)
Notes . . . . .
Note: ThelMU must be stationary during the execution of the Capture Gyro Bias
Operatim.
Field Format Field Length | Field Descriptor Field Data
Command 0x04 0x39 U16¢ Sampling Time (milliseconds)
Reply 0x04 OxF1 U8¢ echo the command descriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
' O0x0E 0x9B float ¢ current X Gyro Bias Value
(Fijr‘]’gigﬁ"f g) float ¢ current Y Gyro Bias Value
- float ¢ current Z Gyro Bias Value
MIP Packet Header Fields Checksum
Example . . .
Desc Payload | Field Field Field
ST, ST Set Length | Length | Desc. Data LI ST
Command 0x75 0x65 | Ox0C 0x04 0x04 0x39 | Sampling Time: Ox5E | OXEO
0x2710
0x75 0x65 0ox0C 0x12 0x04 OxF1 Echo cmd:
Replyfield 1 0x39
ACK/NACK Error code:
0x00
OXOE | Ox9B | Field (Bias): OxCF | 0x19
Reply field 2 0x00000000
Bias Vector 0x00000000
0x00000000
Copyt A4S @OSNRERAZ2Y 2F (GKS O2YYlIYRY atpcp nl/ nn
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Coning and Sculling Enable (0x0C, Ox3E)

Set, read, or save the Coning and Sculling compensation Efdb#efunction sets the
Description Coning andculling compensation EnablEor all functions except 0x01 (use new
setting), the new parameter values are ignored.

Possible function selector values:

0x0L ¢ Apply rew setting

0x@ ¢ Readback mrrent setting

0x03¢ Save current settings as stapt setting
0x04¢ Load saved startup setting

Notes 0x05¢ Load factory default setting

The enable flag can be either:

0x00¢ disable theConing and Sculling compensation
0x01¢ enable the Coning and Sculling compensat{default)

Field Format Field Length| Field Descriptor Field Data
Command 0x10 Ox3E U8 ¢ Function Selector
U8¢ New Coning and Sculling enable setting
Replyfield 1 0x04 OxF1 U8 ¢ echo the commandiescriptor
ACK/NACK U8c¢ error code (0:ACK, not 0:NACK)
Replyfield 2 0x03 0x9E U8¢ Current Coning and Sculling enable setting
(function= 2
MIP Packet Header Fields Checksum
Example Payloa | . : :
syncl | sync2 Desc d Field Field Field MSB LSB
Set Length | Desc. Data
Length
0x75 0x65 | OxOC | O0x04 0x04 O0x3E Fctn (Apply)ox01 | 2E 94
Command Enable0x01
EnableSettings '
Reply 0x75 0x65 | OxOC | Ox04 0x04 OxF1 Echo cmdOx3E 1D 26
ACK/NACK Error codedx00

Copyt a0 S DSNEA 2Y 755F0CHUOSBE MRIVEIY RY d
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UART BAUD Rate (0x0C, 0x40)

Change, readyr savethe BAUDrate of the main communication channel (UART1).

Description For all functions except 0x01 (use new settings), the new BAUD rate value is ign
Possible function selector values:
0x0L ¢ Usenew settings
0x@® ¢ Readback mirrent settings.
0x03 ¢ Save current settings as startup settings
0x04c¢ Load saved startup settings
0x05¢ Reset to factory default settings
Notes
SupportedBAUDrates are:
9600, 19200, 1152@@efault), 230400, 460800, 921600
& The ACK/NACK packet is sent atachaentbaud rate and then there is a 0.25
second delay before the device will respond to commands ahdveBAUD rate.
Field Format Field Length | Field Descriptor Field Data
Command 0oxo7 0x40 U8 ¢ FunctionSelector
U32¢New BAUD rate
Replyfield 1 0x04 OxF1 U8 ¢ echo the commandiescriptor
ACK/NACK U8c¢ error code (0:ACK, not 0:NACK)
Reply field 2 0x06 0x87 U32¢ Current BAUD rate
(function = 2)
MIP Packet Header Command/Reply Fields Checksum
Example : : .
Desc Payload | Field Field Field
ST, SIS Set Length | Length | Desc. Data WD | Ll
Command 0x75 0x65 [ OxOC | OxO7 0x07 0x40 | Fctn(USE)x01 OxRB | OxDA
SetBAUDRate BAUD (115200)
Command 0x0001C200
Reply 0x75 0x65 | OxOC | Ox04 0x04 0xF1 | Echo cmdx40 Ox1F | Ox2A
ACK/NACK Error codedx00
Copyt  a0S @SNEA2Y 2F (GKS O2YYlIYyRY artpcp n/nrt
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Complementary Filter Settings (0x0C, 0x51 )

Configuration for theAHRSomplementary filter
Description The Complementary Filtelata outputs aresupportedin the IMU/AHRS Data set
(Ox80)to provide compatibility with the 3DMX3

Possible function selector values:

0x0L ¢ Usenew settings

0x@® ¢ Readback mirrent settings.

0x03¢ Save current settings as startup settings
0x04c¢ Load saved startup settings

0x05¢ Reset to factory default settings

Possible up/north compensation enable values:

0x00c¢ Disable
0x01¢ Enable (default)

Notes Range of up/north compensation time constants:

1-1000 seconds, default = 10 seconds
+| fdzSa 2dzidaARS 2F (KS &ALISOATASR NI y3

& The Complementary Filter provides attitude outputs (Matrix, Euler, Quaternion
Up, and North) that are independent of the Estimation Filter outputs. Thau@@ts
are calculated using the same algorithm as the 3GXB series of Inertial Devices.
This provides drojin compatibility that duplicates the performance of the 3BBXS3.

It is highly recommended that you transition to the EF outputs as they woiige
better performance as well as compatibility with higher grade devices such as the
3DM-RQ1.

Field Format Field Length | Field Descriptor Field Data

0x0D 0x51 U8 ¢ Function selector

U8¢ Up compensation enable

Command U8¢ North compensation enable

float ¢ Up compensation time constant (sec)
float ¢ North compensation time constant (sec)

Reply 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)

0x0C 0x97 U8¢ Up compensation enable

Reply field 2 U8¢ North compensation enable

(function = 2) float ¢ Up compensation time constant (sec)
float ¢ North compensation time constant (sec)
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MIP Packet Header Command/Reply Fields Checksum

Examples Desc Payload | Field | Field | Field

Syl S Set Length | Length | Desc. | Data

MSB LSB

0x75 0x65 | OxOC | OxOD 0x0D | 0x51 | Function Selector: | OXXX | OxXXX
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)

Command
IMU Message
Format (use new
settings)

Reply 0x75 0x65 | OxOC | Ox04 0x04 | OxF1 | Echo cmdx51 0x 0x
ACK/NACK Error codedx00

CopyPaste version of the commasid' 7565 0C09 0951 0104 0100 0000 00"
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Low-Pass Filter Settings (0x0C, 0x50)

Gonfiguration for lowpass filter settings. Thecaled gyrpscaled acdescaled mag
andscaled pressurdata quantities ardy defaultfiltered through a singlgole IIR
low-pass filter which is configured with-adB cutoff frequency of half the reporting
frequency (set by decimation factor in thidU Message Formatommand) to prevent
aliasing on a per data quantity basis. This advanced configuration command allo
the cutoff frequency to be configured independently of the data reporting frequend
as well as allowinfpr a complete bypass of the digital legpass filter for either or both
scaled data quantities.

Description

Possible function selector values:

0x0L ¢ Usenew settings

0x@ ¢ Readback mirrent settings.

0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings

0x05¢ Reset to factory default settings

Possible data type specifier:

0x04c¢ Scaled accel data

0x05¢ Scaled gyro data

0x06¢ Scaled mag datdif applicable)

0x17¢ Scaled pressure datéf applicable)
Possible filtetypevalues:
Notes
0x01c¢ Single pole lIRw-pass filter
0x00¢ Do not apply lowpass filter

Manual filter bandwidth configuration:

0x01¢ Use user specified dB cutoff frequency
0x00¢ Automatically configure3 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 seleq

Reserved Byte:

This byte is reserved for internal use and should be ldafierOx00 state

Field Format Field Length | Field Descriptor Field Data
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0x09 0x50 U8 ¢ Function Selector

U8¢ Data Descriptor (0x04: Scaled Accel, 0x05
Scaled Gyro)

U8¢ LowPass FilteTypeType (0x01: IIR, 0x00
Command None)

U8¢ Manual/Auto-3 dB Cutoff Frequency
Configuration

U16¢ -3 dB Cutoff Frequency

U8¢ Reserved Byte

Reply 0x04 OxF1 U8¢ echo the commandlescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
0x08 0x8B U8¢ DataDescriptor (Scaled Ac¢8lcaled Gyror
Scaled Magnetometér
Reply field 2 U8¢ Filter (0x011IR Filter 0x00:No Filte)
(function = 2) U8¢ Cutoff Frequency (0x00: Auto, 0x01: Manua

U16¢ -3 dB Cutoff Frequency Hz
U8¢ Reserved

MIP Packet Header Command/Reply Fields Checksum

Examples Desc Payload | Field | Field | Field

Set Length | Length | Desc. | Data ST LeB

Syncl Sync2

Ox75 0x65 oxoC (0)(0°) (0)(0°) 0x50 | Function:0x01 0x4C | Ox6D
Scaled Accebx04
Enable FilterOx01
Automatic Cutoff
Configuration0x00
-3 dB Cutoff
Frequency0x0000
(ignored for
automatic cutoff
configuration)
ReservedOx00

Command
IMU Message
Format (use new
settings)

Reply 0x75 0x65 0x0C 0x04 0x04 | OxF1 | Echo cmdx50 Ox2F | Ox4A
ACK/NACK Error codedx00

CopyPaste version of the commasid'7565 0C09 0950 010400 0000 004E 80"
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Device Status (0x0C, 0x64)

Description Get the device-specific status for the 3DM-GX4-25
Reply has two fields: AACK/ NACKO and
field may be one of two selectable formats i 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 i one to return a basic status
Notes 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:

0Ox01 7 Basic Status Structure
0x02 i Diagnostic Status Structure

, Field Field Field Data
Field Format .
Length Descriptor
Command 0x02 0x64 U16-Device Model Number: set = 6234 (0x185A)
U8-Status Selector
Reply field 1 0x04 OxF1 U8 i echo the command byte
ACK/NACK Field U8 error code (0:ACK, not 0:NACK)
OxOF 0x90 Binary Description Data Units
Offset Type
0 Echo of the Device Model u16 N/A
Reply field 2 Number
Basic Device
Status Field 2 Echo of the selector byte us N/A
3 Status Flags (Reserved) u32 N/A
7 System Timer (since start-up) u32 millisecond
s
0x4B 0x90 Binary Description Data Units
Offset Type
0 Echo of the Device Model u16 N/A
Number
Reply field 2 2 Echo of the selector byte us N/A
Diagnostic Device
Status Field 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 us 17 on
071 off

20 Estimation Filter Stream us 17 on
Enabled 07 off

21 Outgoing IMU Stream Dropped u32 Count
Packet Count

25 Outgoing Estimation Filter u32 Count
Stream Dropped Packet Count

29 Number of bytes written to com u32 Count
port

33 Number of bytes read from com u32 Count
port

37 Number of overruns when us2 Count

writing to com port

41 Number of overruns when u32 Count
reading from com port

45 Number of bytes written to USB u32 Count
port

49 Number of bytes read from USB u32 Count
port

53 Number of overruns when u32 Count

writing to USB port

57 Number of overruns when u32 Count
reading from USB port

61 Number of IMU message u32 Count
parsing errors
65 Total IMU messages read u32 Count
69 Last IMU message read u32 Millisecond
(System Timer)
MIP Packet Header Command/Reply Fields Checksum
Example D Payload | Field Field Field
esc ayloa e e e
S S Set Length Length | Desc. Data MSB LSB
Command 0x75 0x65 | Ox0OC | Ox05 0x05 | 0x64 | Model # (6234): 0xC | O0x5
Get Device Status 0x185A 7 D
(return Basic Status Status Selector
structure: selector = (basic status):
1) 0x01
Reply field 1 0x75 0x65 | Ox0OC | Ox15 0x04 | OxF1 | Echo cmd: Ox64
ACK/NACK Error code: 0x00
0xOD | 0x90 | Echo Model#: Ox## | Ox#
. 0x185 A #
Reply field 2 _ Echo Selector:
Device Status (Basid 0x01
Status structure) 88 | AAEOE
Copy-Pastever si on of the command0lCAi5D&65 0CO0O5 0564 18
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Estimation Filter Commands

Reset Filter (0x0D, 0x01 )

Description Reset theEstimation Hter to the initialize state.
If the autcinitialization feature is disabled, the initial attitude beading must be set
Notes .
in order to enter the run state after a reset.
Field Format Field Length | Field Descriptor Field Data
Command ox@2 0x01 N/A
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8¢ error code (0:ACK, nezero:NACK)
MIP Packet Header Fields Checksum
Example : : .
Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. Data MSB | LSB
Command Ox75 0x65 0x0D 0x02 0x02 0x01 OXEC | OxF6
Reply 0x75 0x65 | OxOD 0x04 0x04 O0xF1 | Echo cmdOx01 OxE1l | OxB2
ACK/NACK Error code0x00
Copyt  a0S @OSNEAZ2Y 2F (KS O2YYlIYyRY aGtpcp Ans5n
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Set Initial Attitude (Ox0D, 0x02 )

Description Set the initial attitude.
tKAa O2YYlFIYR Oly 2yfteé& 0SS AaadsSR Ay i
estimate of thed S y aatitNde.a The Euler Angles are the sensor body frame with
respect to the local NED frame.
Notes The valid input ranges are as follows:
Roll: [-" , ]
Pitch: [—, -]
Yaw: [-" , "]
Field Format Field Length | Field Descriptor Field Data
OXOE 0x02 Float¢ Roll (radians)
Command Floatg Pitch (radians)
Float¢ Heading (radians)
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
MIP Packet Header Fields Checksum
Example . . .
Desc Payload | Field Field Field
S, S Set Length | Length | Desc. | Data ST SIS
0x75 0x65 | OxOD | OE OE 02 Rolt0x00000000 0x05 | Ox6F
(0.0f)
Command Pitch0x00000000
(0.0f)
Headingdx00000000
(0.0f)
Reply 0x75 0x65 | OxOD | Ox04 0x04 0xF1 | Echo cmdOx02 OxE2 | OxB4
ACK/NACK Error code0x00

Copyt  a0S @SNERAZ2Y 2F (K O2YYlFYRY dat1pcp n5n9n9nH
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Set Initial Heading (0x0D, 0x03 )

Description Set the initial heading angle.
tKAa O2YYlFYR Oly 2yfeé o0 Shoulddbeé s Ritha goodi
estimation of Heading. The device will use this value in conjunction with the outpy
Notes the accelerometers to determine the initial attitude estimate. The Euler Angles ard
sensor body frame with respect to the local NEDniea
The valid input range for headingis[-* , ]
Field Format Field Length | Field Descriptor Field Data
Command 0x06 0x03 Float¢ Heading (radians)
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8¢ error code (0:ACK, ndd:NACK)
MIP Packet Header Fields Checksum
Example : : :
Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. | Data MSB | LSB
Command 0x75 0x65 | OxOD | Ox06 0x06 0x03 | HeadingdDx00000000| OxF6 | OxE4
(0.0f)
Reply 0x75 0x65 | OxOD | Ox04 0x04 | OxF1 | Echo cmdOx03 OXE3 | 0xB6
ACK/NACK Error code0x00
Copyt  a0S @SNERAZ2Y 2F (KS O2YYlIYyRY aGtpcp n5nc
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Set Initial Attitude with Magnetometer (0xOD, 0x04 )

Description Set the initial attitude using the embedded magnetometer.
tKAa O2YYlFIYR Oly 2yfteé& 0SS AaadzsSR Abgardi
magnetometer to initialize the attitude. The useaysupply a declination angle for
the local magnet field conditions
Notes
Special Noteln the presence of significant magtic interference, the magnetometet
heading value can be wildly off, causing the filter to initialize improperly.
Field Format Field Length | Field Descriptor Field Data
Command 0x06 0x04 Float¢ Declination Angle (radians)
Reply 0x04 OxF1 U8¢ echo the command byte
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
MIP Packet Header Fields Checksum
Example : : .
Desc Payload | Field Field Field
Syncl | Sync2 Set Length | Length | Desc. Data MSB | LSB
Command 0x75 0x65 | OxOD 0x06 0x06 0x04 | Declination OxF7 | OxE9
0x00000000(.0f)
Reply Ox75 0x65 0x0D 0x04 0x04 OxF1 Echo cmdOx04 OxE4 | OxB8
ACK/NACK Error codeOx00

Copyt  a0S @OSNEAZ2Y 2F a0sbn ORNNYI YRXN M TQTPDHN 51

65

24 LORD MicroStrain®
SENSING SYSTEMS



3DM-GX4®-25 Data Communications Protocol

Tare Orientation (0x0 D, 0x21)

Thisfunction uses the current device orientation relative to the NED frame as the
Description current sensor to vehicle transformation. This command is provided as a conven
way to set the sensor to vehicle frame transformation.
Possible function selector vatie
0x0L ¢ Usenew settings
0x03¢ Save current settings as startup settings
0x04¢ Load saved startup settings
0x05¢ Reset to factory default settings
Possible axis bitfield values:
Notes 0x00c¢ Reset all axis
0x01¢ Tare the roll axis
0x02¢ Tare the pitch axis
0x04c¢ Tare the yaw axis
Example Combinations:
0x03¢ Tare the roll and pitch axis
0x07¢ Tare all 3 axis
Field Format Field Length | Field Descriptor Field Data
Command 0x04 ox21 U8 ¢ Function Selector
UB¢ Tare Axis Bitfield
Reply 0x04 OxF1 U8¢ echo the commandiescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
MIP Packet Header Fields Checksum
Example : : .
Desc Payload | Field Field Field
SYmEL || S Set Length | Length | Desc. Data MSB | LSB
0x75 0x65 | Ox(D oxo4 oxo4 ox21 Fctn (Apply)Ox01 | 0x18 | 0x49
Command .
X0x07 @ll axis)
Reply 0x75 0x65 | Ox0D 0x04 0x04 OxF1 | Echo cmdox21 0x 0x
ACK/NACK Error codedx00
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Sensor to Vehicle Frame Transformation (0x0D, 0x11 )

Set the sensor to vehicle frame transformation matrix using Roll, Pitch, and Yaw
Description angles. These angles define the rotatfoom the sensor body fram#o the fixed
vehicle frame. Please reference tteviceTheory of Operation for more information

Possible function selector values:

0x0L ¢ Usenew settings

0x@® ¢ Readback mirrent settings.

0x03¢ Save current settings as startup settings
0x04c¢ Load saved startup settings

0x05¢ Reset to factoy default settings

This transformation affects the following output quantities:

IMU:

Notes Scaled Acceleration
Scaled Gyro

Delta Theta

Delta Velocity

Estimation Filter

Estimated Orientation, Quaternion
Estimated Orientation, Matrix
Estimated Orientationuler Angles
Estimated Linear Acceleration
Estimated Angular Rate
Estimated Gravity Vector

Field Format Field Length | Field Descriptor Field Data
OxOF Ox11 U8 ¢ Function Selector
Command Float¢ Roll Angle (radians)

Floatg Pitch Angle (radians)
Float¢ Yaw Angle (radians)

Reply 0x04 OxF1 U8¢ echo the commandiescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
Reply field 2 Ox0E 0x81 Floatg Roll Angle (radians)

Floatg Pitch Angle (radians)

(function = 2) Floatg Yaw Angle (radians)

MIP Packet Header Fields Checksum

Example Desc | Payload | Field | Field | Field

Set Length | Length | Desc. | Data MSB | LSB

Syncl Sync2
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0x75 | Ox65 |[Ox0D | OxOF | OxOF | Ox11 | Fctn (Apply)ox0l1 | 0x17 | 0x72
Rolt0x00000000
(0.0f)
Command Pitch0x00000000
(0.0f)
Yaw0x00000000
(0.0f)
Reply Ox75 0x65 0x0D 0x04 0x04 OxF1 Echo cmdox11 OxF1 | OxD2
ACK/NACK Error codedx00
Copyt  a0S @OSNERAZ2Y 2F (GKS O2YYlIYRY aGtpcp n5nC nCwmwm
Estimation Control Flags (0x0D, 0x14)
Description Controls which parameters are estimated by the Kalman Filter.
Possible function selector values:
0x01 7 Use new settings
0x02 1 Read back current settings.
0x03 1 Save current settings as startup settings
0x04 7 Load saved startup settings
0x05 1 Reset to factory default settings
Available Flags :
Notes . . L
0x0001 1 Enable Gyro Bias Estimation (Recommended)
Examples :
OXFFFF i Enable all
OXFFFE 1 Disable Gyro Bias Estimation
(note: Any bit without a designated function should be set to 1 for future
compatibility.)
Field Format Field Field Descriptor Field Data
Length
Command 0x05 0x14 U8 1 Function Selector
U161 Estimation Control Flags
Reply 0x04 OxF1 U811 echo the command descriptor
ACK/NACK U8 error code (0:ACK, not 0:NACK)
Reply field 2 0x04 0x84 U161 Estimation Control Flags
(function = 2)
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MIP Packet Header Fields Checksum
Example _ . .
Desc Payload | Field Field Field
Symel SYeZ Set Length Length Desc. Data e L5
0x75 0x65 | OXOD | Ox05 0x05 | 0x14 | Fctn (Apply): 0x04 | 0x27
0x01
Command FlagsOXFFFF
(Enable all
states)
Reply 0x75 0x65 | OxOD | Ox04 0x04 OxF1 | Echocmd0Ox14 OxF4 | O0xD8
ACK/NACK Error code0x00

Copy-Paste version of t 02056 01RMEFA4AR70 A 7565 0D
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Heading Update Control (0xOD, 0x18)

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

Possible function selector values:

0x01¢ Use new settings

0x02¢ Read back current settings.

0x03¢ Save current settings as startup settings
0x04¢ Load saved startupettings

0x05¢ Reset to factory default settings

Notes
Possible Enable Flag values:
0x00¢ Disable Heading Updates
0x0L ¢ Use the internal magnetometer
0x03¢ Use external heading updates
Field Format Field Length | Field Descriptor Field Data
Command 0x04 0x18 U8 ¢ Function Selector
U8¢Enable Flag
Reply 0x04 OxF1 U8¢ echo the commandiescriptor
ACK/NACK U8¢ error code (0:ACK, not 0:NACK)
Reply field 2 0x03 0x87 U8¢ Enable Flag
(function = 2)
MIP Packet Header Fields Checksum
Example : : .
Desc Payload | Field Field Field
SYmEL || S Set Length | Length | Desc. Data MSB | LSB
0x75 0x65 | Ox(D oxo4 oxo4 0x18 | Fctn (Apply)ox01 | 0x09 | 0x28
Command EnableOx01
(Enable Mag.
Updates)
Reply 0x75 0x65 | Ox(D 0x04 0x04 O0xF1 | Echo cmdOx18 O0xF8 | OxEO
ACK/NACK Error codedx00
Copyt a0 S @SNAA2Y 753F0DMAOEIS MRLVRB Y RY &
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