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1. Overview

Software Release 1.11.2 - 27 Feb 2024

INERTIALSENSE

autonomous navigation solutions

1. Overview

1.1 IMX-5 (IMU, AHRS, and GPS-INS)

The IMX-5™ is a 10-DOF sensor module consisting of a tactical grade Inertial Measurement Unit (IMU), magnetometer, and
barometer. Output includes angular rate, linear acceleration, magnetic vector, and barometric pressure and altitude. IMU
calibration consists of bias, scale factor, cross-axis alignment, and temperature compensation. The IMX-5 includes Attitude
Heading Reference System (AHRS) sensor fusion to estimate roll, pitch, and heading. Adding GNSS input to the IMX-5 enables
onboard Inertial Navigation System (INS) sensor fusion for roll, pitch, heading, velocity, and position.
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1.2 Features

The RUG-3-IMX-5™ series adds a rugged aluminum enclosure and RS232, RS485, and CAN bus to the IMX-5.

The RUG-3-IMX-5-RTK™ includes a multi-frequency GNSS receiver with RTK precision position enabling INS sensor fusion for

roll, pitch, heading, velocity, and position.

The RUG-3-IMX-5-Dual™ includes two multi-frequency GNSS receivers with RTK precision position and dual GNSS heading/

compass.

The Inertial Sense SDK is an open-source software development kit for quick integration to configure and communicate with
Inertial Sense products. The SDK includes data logger, math libraries, and interface for Linux, Windows, and embedded

platforms.

1.2 Features

¢ Tactical Grade IMU

* Gyro: 1.5 °/hr Bias Instability, 0.16 °/vhr ARW

» Accel: 19 pg Bias Instability, 0.02 m/s/vhr VRW

* INS, AHRS

* Dynamic: 0.04° Roll/Pitch, 0.13° Heading
» Static: 0.1° Roll/Pitch, 0.5° Heading
* Surface Mount Reflowable (PCB Module)

e Up to 1KHz IMU Output Data Rate

¢ Small Form Factor: 15.6 x 12.5 x 2.9 mm

* Light Weight: 0.8 g
* Low power consumption: <110mW

e External GNSS Support (Multi-Band)

 Attitude (Roll, Pitch, Yaw, Quaternions), Velocity, and Position UTC Time Synchronized

* Triple Redundant IMUs Calibrated for Bias, Scale Factor, Cross-axis Alignment, and G-sensitivity

* -40°C to 85°C Sensor Temperature Calibration

* Binary and NMEA Protocol

e Barometric Pressure and Humidity

e Strobe In/Out Data Sync (Camera Shutter Event)

* Fast Integration with SDK and Example Software

1.3 Interfaces

USB

TTL/UART
RS232/RS422/RS485

CAN

SPI

Integrated XBee Radio (RTK)
WiFi/BTLE

GPS Antenna Ports (Dual=Compassing)

IMX Module

Yes

Yes

No

Yes

Yes
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EVB-2

Yes

Yes

Yes

Yes

Yes

Yes (Option)
Yes

Dual (Option)

Rugged
Yes
Yes
Yes
Yes
Yes
No
No

Dual (Option)
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1.4 Applications

1.4 Applications

* Drone Navigation

¢ Unmanned Vehicle Payloads

« Stabilized Platforms

e Antenna and Camera Pointing

 First Responder and Personnel Tracking

* Pedestrian and Auto Outdoor / Indoor Navigation
* Health, Fitness, and Sport Monitors

» Hand-held Devices

* Robotics and Ground Vehicles

e Maritime

mm5

f [Wlin

Inertial Sense, Inc.

3000 S Sierra Vista Way Suite 2, Provo, UT 84606 USA
Phone 801-610-6771

Email support@inertialsense.com

Website: InertialSense.com

© 2014-2022 Inertial Sense

Inertial Sense®, Inertial Sense logo and combinations thereof are registered trademarks or trademarks of Inertial Sense, Inc.
Other terms and product names may be trademarks of others.

DISCLAIMER: The information in this document is provided in connection with Inertial Sense products. No license, express or
implied, by estoppel or otherwise, to any intellectual property right is granted by this document or in connection with the sale of
Inertial Sense products. EXCEPT AS SET FORTH IN THE INERTIAL SENSE TERMS AND CONDITIONS OF SALES LOCATED
ON THE INERTIAL SENSE WEBSITE, INERTIAL SENSE ASSUMES NO LIABILITY WHATSOEVER AND DISCLAIMS ANY
EXPRESS, IMPLIED OR STATUTORY WARRANTY RELATING TO ITS PRODUCTS INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT. IN NO
EVENT SHALL INERTIAL SENSE BE LIABLE FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL, PUNITIVE, SPECIAL OR
INCIDENTAL DAMAGES (INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS AND PROFITS, BUSINESS
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1.4 Applications

INTERRUPTION, OR LOSS OF INFORMATION) ARISING OUT OF THE USE OR INABILITY TO USE THIS DOCUMENT, EVEN IF
INERTIAL SENSE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. Inertial Sense makes no representations or
warranties with respect to the accuracy or completeness of the contents of this document and reserves the right to make
changes to specifications and products descriptions at any time without notice. Inertial Sense does not make any commitment to
update the information contained herein. Unless specifically provided otherwise, Inertial Sense products are not suitable for, and
shall not be used in, automotive applications. Inertial Sense products are not intended, authorized, or warranted for use as
components in applications intended to support or sustain life. SAFETY-CRITICAL, MILITARY, AND AUTOMOTIVE
APPLICATIONS DISCLAIMER: Inertial Sense products are not designed for and will not be used in connection with any
applications where the failure of such products would reasonably be expected to result in significant personal injury or death
(“Safety-Critical Applications”) without an Inertial Sense officer's specific written consent. Safety-Critical Applications include,
without limitation, life support devices and systems, equipment or systems for the operation of nuclear facilities and weapons
systems. Inertial Sense products are not designed nor intended for use in military or aerospace applications or environments
unless specifically designated by Inertial Sense as military-grade.
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2. Data Sheets

2. Data Sheets

2.1 IMX-5 (IMU, AHRS, GNSS-INS)

Download Datasheet

2.2 GPX-1 (Multi-Band L1/L5 Dual GNSS Receiver)

Download Datasheet

2.3 UINS-3

Download Datasheet
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3. Dimensions and Pinouts

3. Dimensions and Pinouts

3.1 IMX-5 Series

3.1.1 IMX-5 (Module)

Download PDF

3.1.2 GPX-1 (Module)

Download PDF

3.1.3 RUG-3-IMX-5-IMU

Download PDF

3.1.4 RUG-3-IMX-5-Dual

Download PDF

3.1.5 IG-1-IMX-5-Dual (Module)

Download PDF

3.2 pINS-3 Series

3.2.1 pINS-3 (Module)

Download PDF

3.2.2 RUG-2.0

Download PDF

3.2.3RUG-1.1

Download PDF

3.3 Hardware Design Files

The Inertial Sense hardware design files are available on our IS-hdw repository to facilitate product hardware development and

integration.

* Products - 3D models and resources for the IMX, Rugged, EVB, and products useful for CAD and circuit board designs.

Libraries for schematic and layout designs for printed circuit board.

-10/341 -

©2022
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https://docs.inertialsense.com/dimensions/IS-uINS-3.2_Dimensions_and_Pinout.pdf
https://docs.inertialsense.com/dimensions/IS-RUG-2.0_Rugged_Assembly_and_Pinout.pdf
https://docs.inertialsense.com/dimensions/IS-RUG-1.1_Rugged_Assembly_and_Pinout.pdf
https://github.com/inertialsense/IS-hdw

4. Getting Started

4. Getting Started

The following video is a quick intro to the EvalTool for Windows. For other applications scroll below.

4.1 1. Installing Software

Inertial Sense software provides a way to view, manipulate, stream, and record the data generated by a pINS, pAHRS, or pIMU.

4.1.1 EvalTool (Windows Only)

The EvalTool is a graphical Windows-based desktop program that allows users to explore and test functionality of the Inertial
Sense products in real-time.

Download the EvalTool installer from the Inertial Sense releases page. Run the .exe file and follow the instructions to complete
the installation.

4.1.2 CLTool (Windows, Linux, and OS X)

The CLTool is a command line utility that can be used to read and display data, update firmware, and log data from Inertial Sense
products.

CLTool must be compiled from our source code. Follow the instructions on the CLTool page.

4.1.3 SDK (Windows, Linux)
Software development kit to interface with Inertial Sense products.

Download the file named "Source code" from our releases page. The extracted folder contains code libraries as well as example
projects.

4.2 2. Connecting Your Hardware

Select the evaluation product from the list below to view instructions on basic connection to a computer.
* EVB-1

e EVB-2

* Rugged-1 Units

* Rugged-2 Units

* IMX-5 PCB Module

¢ uINS-3 PCB Module

4.3 3. Configuring Settings

The configuration settings found in DID FLASH CONFIG need to be set to appropriate values using either the EvalTool, the
CLTool, or the SDK. A full explanation can be found on the System Configuration page. Most users initially configure the unit
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4.4 4. Evaluation and Testing

using the EvalTool. This is done by going to the Data Sets Tab and selecting DID_FLASH CONFIG. The values of each field can
then be edited. Pay special attention to the following fields:

. gps1AntOffset[X-Z] - Position offset of sensor frame with respect to GPS1 antenna.
. gps2AntOffset[X-Z] - Position offset of sensor frame with respect to GPS2 antenna.

. dynamicModel - Dynamic model that most closely represents sensor application.*
*Note - This feature is experimental. For most applications setting 8 will yield the best results. The user is encouraged to try

different settings.

4.4 4. Evaluation and Testing

Once a connection to the unit has been established, please follow one of the following guides to get started with the software tool

of choice:

* EvalTool
* CLTool
* SDK Example Projects

4.5 Demonstration Videos

4.5.1 Rugged-3-G2 GPS Compassing Configuration Demo

4.5.2 Rugged-3-G2 RS-485/422 Configuration Demo

4.6 Troubleshooting

If at any time issues are encountered, please check the troubleshooting sections of this manual.
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5. IS Hardware

5. IS Hardware

5.1 Hardware Integration: IMX-5 Module

5.1.1 Pinout

The IMX-5 module is pin compatible with the uINS-3.
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11

22

21

20

19

18

17

16

15

14

13

12

TOP VIEW

-14/341 -

5.1.1 Pinout

©2022



Pin

10

11,21,P
12
13

14

15

16

17

18

Name

Not Connected
USB_ P

USB N

VBKUP

G1/Rx2/RxCAN/
SCL

G2/Tx2/TxCAN/
SDA/STROBE

G6/Rx1/MOSI

G7/Tx1/MISO

G8/CS/STROBE

G5/SCLK/STROBE

G9/nSPI_EN/
STROBE
/STROBE_OUT/
DRDY

GND
nRESET
G14/SWCLK

G13/DRDY/XSDA

G12/SWO/XSCL

G11/SWDIO

G10/BOOT_MODE

G4/Rx0

1/0

1/0

1/0

1/0

/0

1/0

1/0

/0

1/0

1/0

1/0

1/0

1/0

1/0

1/0

/0

5.1.1 Pinout

Description

Not connected internally. Connect to ground (GND).
USB Data Positive Line

USB Data Negative Line

GNSS backup supply voltage. (1.4V to 3.6V) enables GNSS hardware
backup mode for hot or warm startup (faster GNSS lock acquisition).
MUST connect VBKUP to VCC if no backup battery is used.

GPIO1

Serial 2 input (TTL)

Serial input pin from CAN transceiver*
I12C SCL line

GPIO2

Serial 2 output (TTL)

Serial output pin to CAN transceiver*
I12C SDA line

Strobe time sync input

GPIO6
Serial 1 input (TTL)
SPI MOSI

GPIO7
Serial 1 output (TTL)
SPI MISO

GPIO8
SPICS
Strobe time sync input

GPIOS5
SPI SCLK
Strobe time sync input

GPIO9
SPI Enable: Hold LOW during boot to enable SPI on G5-G8
Strobe time sync input or output. SPI data ready alternate location

Supply ground
System reset on logic low. May be left unconnected if not used.
GPIO14

GPIO13
SPI Data Ready
Alt I2C SDA

GPIO12
Alt I12C SCL

GPIO11

Leave unconnected. BOOT MODE used in manufacturing. !!! WARNING
11 Asserting a logic high (+3.3V) will cause the IMX to reboot into ROM
bootloader (DFU) mode.

GPIO4
Serial 0 input (TTL)
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5.1.2 Application

Pin Name I/0 Description

19 G3/Tx0 1/0 GPIO3
Serial 0 output (TTL)

20 G15/GNSS _PPS I Input for GNSS PPS for time synchronization pulse.

22 VCC I 3.3V supply input
*External transceiver required for CAN interface.

5.1.2 Application
Serial Interface

The following schematic demonstrates a typical setup for the IMX-5 module. A rechargeable lithium backup battery enables the
GNSS to perform a warm or hot start. If no backup battery is connected, VBKUP (pin 3) should be connected to VCC and the
module will perform a cold start on power up. If the system processor is not capable of updating the IMX firmware, it is
recommended to add a header to an alternate IMX serial port for firmware updates via an external computer. The reset line is not
necessary for typical use.

Optional Firmware
Update Header

L1
33V +33V =
!m
IMX Module System Processor
Ul
3 & 22| vce GI/RX2/RXCAN [—2—
. G2/Tx2/TXCAN/STROBE |—=—
GPS.VBAT 19
) G3/Tx0 2
1= A4 G4/Rx0
= T 6 —2+ G10/BOOT_MODE 9
- " 284 GIINTAG SWDIO  GS/SCLI/STROBE [——
<2+ GI20TAG_SWO G6/Rx1/MOSI (—2 TTL Serial Tx
—3- GI3/DATA RDY GZ/TXUMISO (— TTL Serial Rx
L L 12 GI4ITAG_SWCLK G8/CS/STROBE [~
: : A2 | RESET GY/SPI_EN/STROBE (—-
GPS.TIMEPULSE Timepulse Input
1 e USB.DP (——
GND USB.DN —2—
IS-uINS-3.2-G2

The following are recommended components for the typical application. Equivalent or better components may be used.

Designator Manufacturer Manufacturer # Description

BAT1 Panasonic ML-614S/FN BATTERY LITHIMU 3V RECHARGABLE SMD
D1 Panasonic DB2J31400L DIODE SCHOTTKY 30V 0.03A SMINI2

R1 RES 1.00K OHM 1/16W 1%

C1 CAP CER .10UF 50V X7R 10%

SPI Interface

The SPI interface is enabled by holding the pin 10 low during boot up.
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5.1.3 Manufacturing

+3.3V +3.3V
\ A
IMX Module System Processor
Ul
s 22 | vce GI/RX2/RXCAN [—3—
3 G2/Tx2/TxCAN/STROBE ——
GPS.VBAT 19
. G3/Tx0 T
4 G4/Rx0 —=
— oAt T ~Z- G10/BOOT_MODE 9
— : —= GLIITAG_SWDIO  G5/SCLK/STROBE [— SPI CLK
= GI24TAG_SWO G6/Rx1/MOSI — SPI MOSI
13 G13/DATA_RDY G7/Tx1I/MISO (—¢ SPI MISO
— — > GI4JTAG_SWCLK G8/CS/STROBE —5 SPICS
= = —= RESET GY/SPLEN/STROBE |—5 Data Ready
GPS.TIMEPULSE Timepulse Input
L GND USB.DP {——
GND USB.DN ——
IS-uINS-3.2-G2 e .

5.1.3 Manufacturing
Soldering

The IMX-5 can be reflow soldered. Reflow information can be found in the Reflow Information page of this manual.

Tape Packaging

The IMX-5 modules are available in cut tape as well as tape and reel packaging. The follow image shows the feed direction and
illustrates the orientation of the IMX-5 module on the tape:
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5.1.4 Hardware Design

- Feed Direction

The feed direction to the pick and place pick-up is shown by the orientation of the IMX-5 pin 1 location. With pin 1 location on the
bottom of the tape, the feed direction into the pick and place pick-up is from the reel (located to the right of the figure) towards
the left.

The dimensions of the tapes for the IMX-5 are shown in the drawing below:

5.1.4 Hardware Design
Recommend PCB Footprint and Layout

A single ceramic 100nF decoupling capacitor should be placed between and in close proximity to the IMX pins 21 and 22 (GND
and Vcc). It is recommended that this capacitor be on the same side of the PCB as the IMX and that there not be any vias
between the capacitor and the Vcc and GND pins. The default forward direction is indicated in the PCB footprint figure and on
the IMX shield as the X axis. The forward direction is reconfigurable in software as necessary.

Download PDF

5.1.5 Design Files

Open source hardware design files, libraries, and example projects for the IMX module are found at the
Inertial Sense Hardware Design repository hosted on GitHub. These include schematic and layout files for
printed circuit board designs, and 3D step models of the InertialSense products usable for CAD and circuit

board designs.
open source
ardware

Reference Design Projects
The EVB-2 and IG-1 circuit board projects serve as reference designs that illustrate implementation of the IMX PCB module.
EVB-2 evaluation board

I1G-1 module
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5.2 Hardware Integration: GPX-1 Module

5.2 Hardware Integration: GPX-1 Module

5.2.1 Pinout

The GPX-1 module footprint and pinout similar that of the IMX-5 such that the common power and interface pins are at the same
location. The GPX-1 is extended to accommodate additional GNSS inputs and output. The GPX-1 is designed to work in
conjunction with the IMX-5.
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5.2.1 Pinout

TOP VIEW
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5.2.1 Pinout

Pin Name Type Description
0 GND Power Supply ground on center pads.
1 USB P 1/0 USB full-speed Positive Line. USB will be supported in future

firmware updates.

2 USB N I/0 USB full-speed Negative Line. USB will be supported in future
firmware updates.

3 VBKUP Power Backup supply voltage input (1.75V to 3.6V). Future firmware updates
will use voltage applied on this pin to backup GNSS ephemeris,
almanac, and other operating parameters for a faster startup when
VCC is applied again. This pin MUST be connected to a backup

battery or VCC.
4 G1/Rx2/RxCAN/ 1/0 GPIO1
SCL Serial 2 input (TTL)

Serial input pin from CAN transceiverﬂ<
12C SCL line

5 G2/Tx2/TxCAN/ 1/0 GPIO2
SDA/STROBE Serial 2 output (TTL)
Serial output pin to CAN transceiver*
12C SDA line
Strobe time sync input

6 G6/Rx1/MOSI 1/0 GPIOG6
Serial 1 input (TTL)
SPI MOSI

7 G7/Tx1/MISO 1/0 GPIO7
Serial 1 output (TTL)
SPI MISO

8 G8/CS/STROBE 1/0 GPIO8
SPICS
Strobe time sync input

9 G5/SCLK/ 1/0 GPIO5
STROBE SPI SCLK
Strobe time sync input

10 G9/nSPI_EN/ 1/0 GPIO9
STROBE SPI Enable: Hold LOW during boot to enable SPI on G5-G8
/STROBE_OUT/ Strobe time sync input or output. SPI data ready alternate location
DRDY

11,13,15,31 GND Power Supply ground

12 GNSS1 RF I GNSS1 antenna RF input. Use an active antenna or LNA with a gain

of 15-25dB. Place the LNA as close to the antenna as possible.
Filtered 3.3V from VCC is injected onto the pad to power active
antennas (power injection can be disabled in software). Connect to
ground with 5V-14V TVS diode for ESD and surge projection (e.g.
Littlefuse PESD0402-140).

14 GNSS2 RF I GNSS2 antenna RF input. Same requirements as GNSS1 RF

16 VCC RF (0] Supply output for GNSS active antenna. Connect VCC_RF through
33-120nH inductor (e.g. Murata LQW15ANR12J00D, 110mA max) to
GNSS1 RF and GNSS2 RF to inject DC supply for active antenna(s).
VCC REF is supplied from VAUX through an onboard load switch.

20 G20/LNA-EN 1/0 GPIO20
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Pin

21

22

23

24

25

26

27

28

29

30

32

38

39

40

41

42

Name
GNSS2_PPS
nRESET
G14/SWCLK

G13/DRDY/
XSDA

G12/XSCL

G11/SWDIO

G10/
BOOT MODE

G4/Rx0

G3/Tx0

GNSS1_PPS
vce

G16/QDEC0.A
G17/QDECO.B

VAUX

G18/QDEC1.A

G19/QDEC1.B

Type

1/0

1/0

1/0

1/0

1/0

1/0

1/0

Power

1/0

1/0

Power

1/0

1/0

“External transceiver required for CAN interface.

5.2.2 Application
GNSS-INS Block Diagram

Active Antennas

GNSS1_RF

GPX-1

GNSS2_RF

Receiver

L1/L5 GNSS

UART

Receiver

L1/L5 GNSS

RTK-GNSS
Positioning

RTK-GNSS

Compassing

Tx0/Rx0

5.2.2 Application

Description

GNSS2 PPS time synchronization output pulse (1Hz, 10% duty cycle)
System reset on logic low. May be left unconnected if not used.
GPIO14

GPIO13
SPI Data Ready
Alt 12C SDA

GPIO12
Alt I2C SCL

GPIO11

Leave unconnected. BOOT MODE used in manufacturing. !!!
WARNING !!! Asserting a logic high (+3.3V) will cause the IMX to
reboot into ROM bootloader (DFU) mode.

GPIO4
Serial 0 input (TTL)

GPIO3
Serial 0 output (TTL)

GNSS1 PPS time synchronization output pulse (1Hz, 10% duty cycle)
1.8V to 3.3V supply input.

GPIO16

GPIO17

Input supplies for the USB and VCC_RF (GNSS antenna supply).
Connect to +3.3V (3.0V to 3.6V) to supply USB and VCC_RF. Can be
left floating if USB or VCC_RF are not needed.

GPIO18

GPIO19

GNSS-INS

IMX-5 Host

UART Tx1/Rx1

I
b
o
5

|

T

'

'

1

1

'

'

1

1

'

i

¥

INS/AHRS SP| [ (NE— -

Time Sync

HIE

Extended
Calibrated K'f.'ma"
IMU = ilter
USB  e-fmcmmcommooo N

Barometer

Magnetometer

0
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Typical Application: GPX-1 IMX-5

5.2.2 Application

Host Connections
GNSS1_PPS
TRESET IMX-5 INS Module
Optional Interface: USB VBAT +33V
USB.D P Ul
TSB.D N 2 [ . 4  GLRx2RiCANL
L sl o .
Optional Interface: UART or SPI _ ‘ i
e GLOCHIP ERASET | )0/CHIP ERASE @ L
T2 LAISO GIISWDIO 16 | & Meres G = :
~G55CLK/STROBE Gloswo_____ 1 | SOR -
T GBCSSIRGBE Gl TRDYXSDA 14 _ . . O G5/SCLK/STROBE
Go/SPI_EN/STROBE Glasweik 13| SAORPVASDA - G TR 6 _GomxIAlON
DX mEET D ' e T GITiLMEO
SPlinterface is enabled by aRESET corsanene 8 _GBCSSIRGBE
holding GSlow during bootup. ) 3 N GoSPT ENSTRCRBE 10 GS/SPI_ENSTRCBE
+33V 2 x GI5/GNSS_PPS [ e
Ics 0 | @p
0.1uF i 1 _USBDP
2| S0 USBIP M —GsBD N
@D USB DN
i
K
B
=
. g5
Antenna Connections GPX-1 GNSS Module
VBAT +33V
02
vee SEDP [
VAUX USBDN |-
VBKUP 4
R— GIRx2RxCANKL t——
,  EEfEs VCC_RF GUSTRCBET:T:iCANSDA 35 o 1
— G3/Tx0 2
1 GNSSLANT 13 | cavss) R g T
( ~—3 oRSTANT 1| SURT /
n - G5/SCLK/STROBE | 2X_G3/SCLK
= L D1 A N [T = o mIAn0
19V 14V G Gl0BoOT 7 | oo o Ao sTrone G
GPX_ GIISWHO & == 0 PR GoSPl EN
NetChss GPX GL2SWO > ] g&é&fglgscl. GoSPLEN/STROBE
2 =] .
1 — == GPXSWCIK B gii?&g}‘gw* avss] pps |30 GNSS1 PEs
3 Gx mRESET __» | G4 - 2
b ! aRESET @S2 PPS
= G16/QDECO A 38 PX_GI6/QDECOA
[ s i e
T e GI3/QLECL A w610 gg}:cﬁz
c1 jE] .
_T_ . £ 80 G19.QDEC1B
31 ao Z22Z GOLNAEN |20
| e “|°° |
Designator Manufacturer Part Number Description
D1, D2 Littlefuse PESD0402-140 TVS DIODE 14VWM 40VC 0402
11, 14 Murata LQW15ANR12J00D FIXED IND 120NH 110MA 2.660HM SM

-23/341 -

©2022



5.2.3 Layout Guidance

5.2.3 Layout Guidance
GNSS_RF Trace
The GNSS_RF trace should be designed to work in the combined GNSS L1 + L5 signal band.

For FR-4 PCB material with a dielectric permittivity of for example 4.2, the trace width for the 50 Q line impedance can be
calculated.

A grounded co-planar RF trace is recommended as it provides the maximum shielding from noise with adequate vias to the
ground layer.

The RF trace must be shielded by vias to ground along the entire length of the trace and the ZEDF9P RF IN pad should be
surrounded by vias as shown in the figure below.

[INSERT LAYOUT FIGURE HERE]
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5.2.4 Design Guidance

5.2.4 Design Guidance

Backup Battery
For achieving a minimal Time To First Fix (TTFF) after a power down (warm starts, hot starts), make sure to connect a backup
battery to V.BCKP.
* Verify your battery backup supply can provide the battery backup current specified in the ZEDF9P datasheet.

» Allow all I/O including UART and other interfaces to float/high impedance in battery backup mode (battery back-up connected
with VCC removed).

RF Front-end Circuit Options

lﬁportant

Active antenna(s) are required for the GPX-1.

5.2.5 Manufacturing

Soldering

The GPX-1 can be reflow soldered. Reflow information can be found in the Reflow Information page of this manual.

Tape Packaging

The GPX-5 modules are available in cut tape as well as tape and reel packaging. The follow image shows the feed direction and

illustrates the orientation of the GPX-1 module on the tape:

M
!
®

A

INERTIALSENSE
(IS-GPX-0010-U3G2R1
GPX-1.0.3

on

P & 13
E]WE]

15
[

IALSENSE

INERTIALSENSE Sk
IS-GPX-0010-U3G2R1
GPX-1.0.3
S-GPX-0010-U3G2R1

& GPX-1.03

INERTIALSENSE
IS-GPX-0010-U3G2R1
GPX-1.0.3

7 5 b ] P R
K = fad v SR L e

2 el S E

The feed direction to the pick and place pick-up is shown by the orientation of the GPX-1 pin 1 location. With pin 1 location on
the bottom of the tape, the feed direction into the pick and place pick-up is from the reel (located to the right of the figure)

towards the left.

The dimensions of the tapes for the GPX-1 are shown in the drawing below:
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5.2.6 Hardware Design

5.2.6 Hardware Design
Recommend PCB Footprint and Layout

A single ceramic 100nF decoupling capacitor should be placed between and in close proximity to the module pins 31 and 32
(GND and Vcc). It is recommended that this capacitor be on the same side of the PCB as the GPX and that there not be any vias
between the capacitor and the Vcc and GND pins.

Download PDF

5.2.7 Design Files

Open source hardware design files, libraries, and example projects for the GPX module are found at the
Inertial Sense Hardware Design repository hosted on GitHub. These include schematic and layout files for

printed circuit board designs, and 3D step models of the InertialSense products usable for CAD and circuit
board designs.

open source
ardware

Reference Design Projects

Coming soon
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https://docs.inertialsense.com/dimensions/IS-GPX-1.0_Dimensions_and_Pinout_GPX-1.pdf
https://github.com/inertialsense/IS-hdw

5.3 Hardware Integration: uINS-3 Module

5.3 Hardware Integration: uINS-3 Module

Aming

Our module must be hand soldered ONLY! Solder reflow may result in damage! See Soldering for details.
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5.3.1 Pinout

Top View

pIMU, pAHRS, and pINS M

USB.DP VC
USB.DN GND
GPS_VBAT GPS_PP
G1/Rx2/RxCAN G3/Tx(
G2/Tx2/TxCAN/STROBEG4/Rx(
G6/Rx1/MOSI CHIP_ERAS
G7/Tx1/MISO Reserve
G8/CS/STROBE Reserve
G5/SCLK/STROBK513/DATA R
G9/nSPI_EN/STROBE Reserve
GND NRESE

| |
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5.3.2 Application

Pin Name I/0 Description

1 USB_P 1/0 USB Data Positive Line

2 USB N 1/0 USB Data Negative Line

3 GPS VBAT - GPS backup supply voltage. (1.4V to 3.6V) enables GPS hardware backup
mode for hot or warm startup (faster GPS lock acquisition). MUST connect
GPS VBAT to VCC if no backup battery is used.

4 G1/Rx2"/RxCAN" 1/0 GPIO1. Serial 2 input (TTL). Serial input pin from CAN transceiver .

5 G2/Tx2"ITxCAN'/ /0 GPIO2. Serial 2 output (TTL). Serial output pin to CAN transceiver .

STROBE Strobe time sync input.
6 G6/Rx1/MOSI 1/0 GPIOG6. Serial 1 input (TTL). SPI MOSI
7 G7/Tx1/MISO 1/0 GPIO7. Serial 1 output (TTL). SPI MISO
8 G8/CS/STROBE 1/0 GPIO8. SPI CS. Strobe time sync input.
9 G5/SCLK/ 1/0 GPIO5. SPI SCLK. Strobe time sync input.
STROBE

10 G9/nSPI EN/ 1/0 GPIO9. Hold LOW during boot to enable SPI on G5-G8. Strobe time sync
STROBE input or output.
/STROBE_OUT

11 GND - -

12 nRESET I System reset on logic low. May be left unconnected if not used.

13 Reserved -

14 Reserved -

15 Reserved -

16 Reserved -

17 Reserved (CE) - Leave unconnected. CHIP ERASE used in manufacturing. !!! WARNING !!!
Asserting a logic high (+3.3V) will erase all IMX flash memory, including
calibration data.

18 G4/Rx0 1/0 GPIO4. Serial 0 input (TTL)

19 G3/Tx0 1/0 GPIO3. Serial 0 output (TTL)

20 GPS PPS (0] GPS PPS time synchronization output pulse (1Hz, 10% duty cycle)

21 GND - -

22 VCC - 3.3V regulated supply

*Available on IMX-3.2 and later.

*External transceiver required for CAN interface.

5.3.2 Application
Serial Interface

The following schematic demonstrates a typical setup for the pnINS module. A rechargeable lithium backup battery enables the

GPS to perform a warm or hot start. If no backup battery is connected, GPS.VBAT should be connected to VCC and the module

will perform a cold start on power up. If the system processor is not capable of updating the pINS firmware, it is recommended
to add a header to an alternate nINS serial port for firmware updates via an external computer. The reset line is not necessary

for typical use.
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Optional Firmware
Update Header

L1

5.3.2 Application

System Processor

¥B3IV 433V =
D1
¥ IMX Module
U1
3 R 22| vee GI/RX2/RXCAN [—2—
. G2/TX2/TXCAN/STROBE, [——
GPS.VBAT 19
) G3/Tx0 {— 3
L G4/Rx0
=BT =0 224 G10/BOOT_MODE 9
- 4 28 GINTAG SWDIO  GS/SCLK/STROBE [——
—>+ GI2ITAG_SWO G6/Rx1/MOSI (2
—3+ GI3DATA RDY GI/TXIMISO (L
— — —3- GI4ITAG SWCLK  _GB/CS/STROBE [
- - 12 RESET GY/SPI_EN/STROBE [—0-
GPS.TIMEPULSE
1L o USB.DP ——
GND USB.DN 2

IS-uINS-3.2-G2

TTL Serial Tx
TTL Serial Rx

Timepulse Input

L

The following are recommended components for the typical application. Equivalent or better components may be used.

Designator

BAT1

D1

R1

C1

SPI Interface

Manufacturer Manufacturer #
Panasonic ML-614S/FN
Panasonic DB2J31400L

Description

BATTERY LITHIMU 3V RECHARGABLE SMD

DIODE SCHOTTKY 30V 0.03A SMINI2

RES 1.00K OHM 1/16W 1%

CAP CER .10UF 50V X7R 10%

The SPI interface is enabled by holding the pin 10 low during boot up.

System Processor

SPI CLK

SPI MOSI

SPI MISO
SPICS

Data Ready
Timepulse Input

+3.3V +3.3V
D1
¥ IMX Module
U1
3 ?é 22 | vce G1/Rx2/RXxCAN %
3 G2/Tx2/TxCAN/STROBE (——
GPS.VBAT 19
. G3/Tx0 T
1 G4/Rx0 |——
= BATL ==0l 474 G10/BOOT_MODE .
- """ 4= GLWTAG_SWDIO  GS5/SCLK/STROBE {—
<1 GI24TAG_SWO G6/Rx1/MOSI —
751 G13/DATA_RDY GZ/TXI/MISO —¢
— —= —5 GI4UTAG_SWCLK G8/CS/STROBE —5
: : —= RESET GO/SPL_EN/STROBE (—~
GPS.TIMEPULSE
ﬁ GND USB.DP %
GND USB.DN ——
IS-uINS-3.2-G2 s s
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5.3.3 Soldering

5.3.3 Soldering

ﬁming

These parts must be hand soldered ONLY! Solder reflow may result in damage!

The IMX, uAHRS, and uIMU are designed as surface mount components that can be hand soldered onto another circuit board.
These parts are not designed to withstand the high temperatures associated with standard solder reflow processes. Solder
assembly must be done using a soldering iron.

5.3.4 Hardware Design
Recommend PCB Footprint and Layout

A single ceramic 100nF decoupling capacitor should be placed in close proximity between the Vcc and GND pins. It is
recommended that this capacitor be on the same side of the PCB as the pINS and that there not be any vias between the
capacitor and the Vcc and GND pins. The default forward direction is indicated in the PCB footprint figure and on the pINS
silkscreen as the X axis. The forward direction is reconfigurable in software as necessary.

Download PDF

5.3.5 Design Files

Open source hardware design files, libraries, and example projects for the IMX module are found at the
Inertial Sense Hardware Design repository hosted on GitHub. These include schematic and layout files for
printed circuit board designs, and 3D step models of the InertialSense products usable for CAD and circuit
board designs.

open source
ardware

Reference Design Projects

The EVB-2 and IG-1 circuit board projects serve as reference designs that illustrate implementation of the IMX PCB module.
EVB-2 evaluation board

I1G-1 module
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https://docs.inertialsense.com/dimensions/IS-uINS-3.2_Dimensions_and_Pinout.pdf
https://github.com/inertialsense/IS-hdw
https://github.com/inertialsense/IS-hdw/tree/main/Products/EVB-2-1
https://github.com/inertialsense/IS-hdw/tree/main/Products/IG-1-1-G2

5.4 Hardware Integration: RUG-3-IMX-5 (Rugged-3)

5.4 Hardware Integration: RUG-3-IMX-5 (Rugged-3)

The RUG-3-IMX-5 series adds a rugged aluminum enclosure and RS232, RS485, and CAN bus to the IMX-5.

The RUG-3-IMX-5-RTK includes a multi-frequency GNSS receiver with RTK precision position enabling INS sensor fusion for
roll, pitch, heading, velocity, and position.

The RUG-3-IMX-5-Dual includes two multi-frequency GNSS receivers with RTK precision position and dual GNSS heading/
compass.

 Integrated CAN transceiver, RS232, RS485, TTL serial, USB, and SPI interfaces.

¢ Dual onboard multi-band GNSS receiver(s).

* Dual antenna ports for GPS compassing.

5.4.1 Features

» Tactical Grade IMU

* Gyro: 1.5 °/hr Bias Instability, 0.16 °/vhr ARW

* Accel: 19 pg Bias Instability, 0.02 m/s/vhr VRW
* INS, AHRS

* Dynamic: 0.04° Roll/Pitch, 0.13° Heading

* Static: 0.1° Roll/Pitch, 0.5° Heading

* Up to 1KHz IMU Output Data Rate

* Dual onboard multi-band (L1/L2/E5) GNSS receivers
e Dual MMCX antenna ports for GPS compassing

e Size: 25.4 x 25.4 x 20.0 mm

* Light weight: 14g

* Low power consumption: <1500mW

» UART x3, RS232, RS485, CAN, and SPI interfaces

* Integrated CAN and RS232 / RS485 transceivers

* Voltage regulation for 4V - 20V input

-32/341 - ©2022



5.4.2 Applications

5.4.2 Applications

* Drone Navigation

e Unmanned Vehicle Payloads

* Ground and Aerial Survey

* Automotive Navigation

* Stabilized Platforms

* Antenna and Camera Pointing

e First Responder and Trackers

¢ Health, Fitness, and Sport Monitors
* Robotics and Ground Vehicles

¢ Maritime

5.4.3 Connecting Your Unit

For the purposes of basic evaluation, the easiest interface available on the rugged is the included USB to Gecko connector cable,
included in the evaluation kit. The cable provides power and communications with the installed module via USB virtual
communications port.

GPS Antenna Ports

If using GPS with the module, connect an appropriate antenna to MMCX port 1 (GPS1). If the module is used for RTK
compassing, connect a second antenna to MMCX port 2, (GPS2).

5.4.4 Pinout

Vvarning

The pin numbering of the Rugged main connector does not match that of the connector manufacturer. Please refer to the drawings in
the Dimensions and Pinouts page for the correct pin numbering.
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5.4.4 Pinout

The following table shows the Rugged-3 pinout. Note that pin function can change based on changing

DID_FLASH_CONFIG.platformconfig (see I/O Configuration below).

Rugged
Pin

1

2

10

11

12

IMX
Pin

G9

G3
G2
G5

G2
G2
G7

G4
G1
G8

Gl
G1
G6

G1
Gl

G2
G2

Name

GND

G9_STROBE

VIN
USB.D+

GPS_PPS

USB.D-

Tx0
485Tx1+
SCLK

Tx2
485Tx1-
Tx1, MISO

Rx0
485Rx1-
CS, G8_STROBE

Rx2
485Rx1+
Rx1, MOSI

*
CANL

kK

Rx2

3
CANH
Tx2,

kk
G2_STROBE

/0

PWR

I/0

PWR

/0

I/0

= O

O O O

— -

/0

/0
I/0

Description

G9-Strobe time sync input. (Includes 3K ohm
series resistor)

4V-20V supply voltage input
USB Data Positive Line

GPS PPS time synchronization output pulse
(1Hz, 10% duty cycle)

USB Data Negative Line

Serial 0 output (TTL or RS232)
Serial 1 output+ (RS485/RS422)
SPI clock

Serial 2 output (TTL)
Serial 1 output- (RS485/RS422)
Serial 1 output (TTL or RS232), SPI MISO

Serial 0 input (TTL or RS232)
Serial 1 input- (RS485/RS422)
SPI chip select, G8-Strobe time sync input

Serial 2 input (TTL)
Serial 1 input+ (RS485/RS422)
Serial 1 input (TTL or RS232), SPI MOSI

High level (CAN bus)
Serial 2 input (TTL)""

Low level (CAN bus) .
Serial 2 output (TTL)**, G2-Strobe time sync

. *k
input

* (Default) To enable CAN bus on pins 11,12 remove R16,R17 and add 0402 zero ohm jumpers to R14,R15.
** To enable Serial2 TTL or STROBE on pins 11,12 remove R14,R15 and add 0402 zero ohm jumpers to R16,R17.
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5.4.5 I/O Configuration

5.4.5 1/0 Configuration

The Rugged 3 "MAIN" connector pinout can be configured for USB, TTL, RS232, RS485, and CAN by setting the
DID_FLASH_CONFIG.platformConfig .

RUG-3 Pin 7,9 8,10 11,12 GPS1 GPS2
IMX Pin G3,G4 G1,G2 G1,G2

(G5,G8)
I/0 Preset
1* S0-RS232 CAN S1
2 SO-TTL CAN S1
3 SO-TTL S2-TTL or S1

G2-STROBE

4 S0-RS232 S1-RS232 S2
5 S1-RS485 S1-RS485 S2 SO
6 SPI or SPI S2 SO

G8-STROBE
7 *x S1-RS232 S2 SO
8 CAN S1 SO
9 S2-TTL S1 SO

* RUG-3-G0 default
** RUG-3-G2 default

5.4.6 Hardware Versions

The following outlines differences in the RUG-3 hardware versions.
RUG-3.1

Use platform config RUG-3 with this hardware version.

e GPS1 PPS line connected to IMX G15 (pin 20).

* RS485 Tx pins polarity swapped between pins 7,8 (from RUG-2)
RUG-2.1 (RUG-3.0)

Use platform config RUG-2.1 with this hardware version.

* GPS1 PPS line connected to IMX G9 (pin 10).
e MAIN pin 5 is connected to IMX G15 (pin 20).
e MAIN pin 5 is not connected to GPS1 PPS.
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5.4.7 Related Parts

Part

Main Connector

GPS antenna SMA
adapter

GPS antenna SMA
adapter

Manufacturer

Harwin

Crystek
Corporation

Crystek
Corporation

Manufacturer #

G125-
FC11205L0-0150L

CCSMX-FBM-RG178-6

CCSMX1-FBM-
RG178-6

See the Multi-Band GNSS page for GNSS antenna options.

5.4.8 Using with Inertial Sense Software

5.4.7 Related Parts

Description

1.25MM F/F 12POS 26AWG 150MM

6" MMCX to SMA GPS antenna adaptor
cable.

6" R/A MMCX to SMA GPS antenna
adaptor cable.

Please return to the getting started page to get started programming, updating firmware, viewing data, and logging.

-37/341 -

©2022



5.5 Hardware Integration: Rugged-2

5.5 Hardware Integration: Rugged-2

The Inertial Sense Rugged-2.0 is a ruggedized carrier board and case for the Inertial Sense pINS, pAHRS, or pIMU module. The
Rugged-2.0 has similar functions compared to the EVB-1, but in a more compact form factor with the following added features:

* Onboard multi-band GNSS receiver(s)
* Dual antenna ports for GPS compassing

* Integrated CAN transceiver

5.5.1 Connecting Your Unit

For the purposes of basic evaluation, the easiest interface available on the rugged is the included USB to Gecko connector cable,
included in the evaluation kit. The cable provides power and communications with the installed module via the on-board FTDI
chip.

GPS Antenna Ports

If using GPS with the module, connect an appropriate antenna to MMCX port 1. If the module is used for RTK compassing,
connect a second antenna to MMCX port 2. MMCX port 1 is for GPS1 and MMXC port 2 is GPS2.
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5.5.2 Pinout

5.5.2 Pinout

Vvarning

The pin numbering of the Rugged main connector does not match that of the connector manufacturer. Please refer to the drawings in
the Dimensions and Pinouts page for the correct pin numbering.

Pin Name 1/0 Description

1 GND PWR -

2 G5/STROBE 1/0 Strobe time sync input. (Includes 390 ohm series
resistor)

3 VIN PWR 4V-20V supply voltage input

4 USB.D+ I/0 USB Data Positive Line

5 GPS PPS (¢} GPS PPS time synchronization output pulse (1Hz, 10%
duty cycle)

6 USB.D- 1/0 USB Data Negative Line

7 G3/Tx0/485Tx2- I/0 Serial 0 output (TTL or RS232)

Serial 2 output- (RS485/RS422)

8 G2/Tx2/485Tx2+ /0 Serial 2 output (TTL or RS232)
Serial 2 output+ (RS485/RS422)

9 G4/Rx0/485Rx2- 1/0 Serial 0 input (TTL or RS232)
Serial 2 input- (RS485/RS422)

10 G1/Rx2/485Rx2+ /0 Serial 2 input (TTL/RS232)
Serial 2 input+ (RS485 or RS422)
11 G1 /CANLl/szl /0 High level (CAN bus). Serial 2 input (TTL).
12 G2/CANH1 /Tx21 / 1/0 Low level (CAN bus). Serial 2 output (TTL). Strobe time
STROBE sync input.

10nly available with uINS-3.2 and later.

5.5.3 I/O Configuration

The "MAIN" connector pinout on the Rugged product line can be configured for USB, TTL, RS232, CAN, and RS485 by setting
the dipswitches.
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5.5.3 I/O Configuration
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5.5.4 Dipswitch Config

The Rugged-2.0 dip switches are used for setting the following I/O configurations.

Pins

10

10

10

11
12

11
12

Mode

Tx0, Rx0: onboard GPS2

Tx0 (RS232)
Rx0 (RS232)

Tx0 (TTL)
Rx0 (TTL)

Tx2 (RS232)
Rx2 (RS232)

Tx2 (TTL)
Rx2 (TTL)

Tx2- (RS485)
Tx2+ (RS485)
Rx2- (RS485)
Rx2+ (RS485)

CAN-H
CAN-L

G1-Rx2, CAN-Rx**
G2-Tx2, CAN-Tx**, STROBE

* Factory default settings:

e Dual GPS units: All dip switches ON by default (Serial 0 used for onboard GPS2, CAN on pins 11 and 12)

Switches
*8-0ON

5,6 - ON
8 - OFF

6,8 - OFF

5,6 - ON

7 - OFF

6,7 - OFF

6 - ON
5,7 - OFF

*1,2,3,7 - ON

7 - ON
1,2,3 - OFF

5.5.4 Dipswitch Config

* Single GPS units: Dip switch 8 OFF by default (Serial 0 used for RS232 on pins 7 and 9, CAN on pins 11 and 12)

** CAN transceiver bypassed.

See the Multi-Band GNSS page for configuration information.
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5.5.5 To open the Rugged-2.0:

Caution! Use of a grounding strap or other ESD protection device is advised.

1. Completely remove power from the unit.

2. Remove the 3 5/16" screws from the bottom of the Rugged-2.0.

5.5.5 To open the Rugged-2.0:

3. Gently separate the top and bottom halves from each other pealing them apart opening from the side with the green connector.

* The two halves maybe somewhat adhered due to the thermal pad used in the device. Consistent gentle pressure will separate

them.

» As the device starts to open, do not open the unit past 90 degrees. If flexed to often and beyond 90 degrees the ribbon will break
causing the unit to be damaged beyond repair.

4. Remove Kapton tape from the DIP Switch. (Save the tape!)

5. Make your adjustment for the desired configuration. (see table above for switch configurations)

e Use of a small screwdriver or tweezers work well.

* It should not take much of force to move the desired switch.

6. Replace the Kapton tape.

7. Closed the two halves and install the 3 5/16" screws back in the bottom.

Done!

5.5.6 Related Parts

Part

Main Connector

GPS antenna SMA
adapter

GPS antenna SMA
adapter

Manufacturer

Harwin

Crystek
Corporation

Crystek
Corporation

Manufacturer #

G125-
FC11205L0-0150L

CCSMX-FBM-RG178-6

CCSMX1-FBM-
RG178-6

See the Multi-Band GNSS page for GNSS antenna options.

5.5.7 Using with Inertial Sense Software

Description

1.25MM F/F 12POS 26AWG 150MM

6" MMCX to SMA GPS antenna adaptor
cable.

6" R/A MMCX to SMA GPS antenna
adaptor cable.

Please return to the getting started page to get started programming, updating firmware, viewing data, and logging.
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5.6 Hardware Integration: Rugged-1

5.6 Hardware Integration: Rugged-1

The Inertial Sense Rugged-1 is a ruggedized carrier board and case for the Inertial Sense nINS, pAHRS, or pIMU module. The
Rugged-1 has similar functions compared to the EVB-1, but in a more compact form factor with the following added features:

* Dual antenna ports for GPS compassing

* Integrated CAN transceiver

5.6.1 Connecting Your Unit

For the purposes of basic evaluation, the easiest interface available on the rugged is the included USB to Gecko connector cable,
included in the evaluation kit. The cable provides power and communications with the installed module via the on-board FTDI
chip.

GPS Antenna Ports

If using GPS with the module, connect an appropriate antenna to MMCX port 1. If the module is used for RTK compassing,
connect a second antenna to MMCX port 2. MMCX port 1 is for GPS1 and MMXC port 2 is GPS2. These port were labeled A and
B on older Rugged-1 units.
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5.6.2 Pinout

5.6.2 Pinout

Vvarning

The pin numbering of the Rugged main connector does not match that of the connector manufacturer. Please refer to the drawings in
the Dimensions and Pinouts page for the correct pin numbering.

Pin Name 1/0 Description

1 GND - -

2 VIN - 4V-20V supply voltage input1

3 USB.VCC - 5V system supply input1 from USB bus. Using this pin will enable the

FTDI USB. Use the VIN pin instead to disable the FTDI USB.

4 USB.D+ 1/0 USB Data Positive Line

5 GPS PPS (0] GPS PPS time synchronization output pulse (1Hz, 10% duty cycle)
6 USB.D- 1/0 USB Data Negative Line

7 G3/Tx0/485Tx1- 1/0 Serial 0 output (TTL or RS232)2

Serial 1 output- (RS485/RS422)3

8 G7/Tx1/485Tx1+ 1/0 Serial 1 output (TTL or RS232)2
Serial 1 output+ (RS485/RS422)°

9 G4/Rx0/485Rx1- 1/0 Serial 0 input (TTL or RS232)%
Serial 1 input- (RS485/RS422)3

10 G6/Rx1/485Rx1+ 1/0 Serial 1 input (TTL/RSZ32)3
Serial 1 input+ (RS485 or RS422)3

11 G1/CANLY/Rx2% 1/0 High level (CAN bus)?. Serial 2 input (TTL)%.
12 G2/CANH*/Tx2%/ 1/0 Low level (CAN bus)?. Serial 2 output (TTL)%. Strobe time sync input.
STROBE

IThe System can be powered either by VIN or USB.VCC.
2Serial 0 is configured with SMD jumpers for TTL, RS232, or FTDI USB (default, USB.D+ and USB.D-).
3Serial 0 is configured with SMT jumpers for TTL, RS232 (default), or RS485/RS422.

4Only available with uINS-3.2 and later.

5.6.3 Jumpers

The "MAIN" connector pinout on the Rugged product line can be configured for USB, TTL, RS232, CAN, and RS485 by setting
the dip switches for Rugged v1.1 and by setting the onboard PCB surface mount jumpers for Rugged-1.0. Jumper resistors are
470 Q resistors. All jumpers are 0402 SMD 1/16W (5% or better tolerance) resistors.

Serial Port 0

To enable FTDI USB on pins 4 and 6, provide system supply voltage input on USB.VCC (pin 3). To disable FTDI USB and use TTL
or RS232 on pins 7 and 9, provide system supply voltage input on VIN (pin 2).
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5.6.3 Jumpers
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5.6.3 Jumpers
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5.6.4 USB Driver

SER1: CAN

L'll.l-

I'nl =

SERL: RS485/RS422 AND SERO: FTDI USB

To enable RS485/RS422, jumper R22 must be set in the direction of the "485" silkscreen label. RS485/RS422 signals Tx- and Tx+
are on pins 7 and 8 and Rx- and Rx+ are on pins 9 and 10. In this configuration, serial port 0 can only be accessed through the
FTDI USB interface and cannot be accessed through pins 7 and 9.

-
-

5.6.4 USB Driver

The rugged unit uses the FTDI FT232R USB to UART IC to provide a serial port from the USB connection. Depending on the
operating system, it may be necessary to download and install the FTDI device driver for the FT232R to register properly as a
serial port.

5.6.5 Rugged v1.1 Dipswitch Config

Version 1.1 has dip switches that replaced the jumpers of v1.0 for common configurations.
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http://www.ftdichip.com/Drivers/D2XX.htm

Mode

** CAN

CAN Disabled

G2_Strobe on pin 12

Ser0: RS232, Serl: RS232

Ser0: RS232, Serl: TTL

Ser0: TTL, Serl: TTL

Serl: RS485, Ser0: Disabled

* Factory default setting

Switches

*2,3-0ON
*1,4 - OFF

1,4 - ON
2,3 - OFF

*5,6,7,8 - OFF

*5,6,7,8 - OFF

5,6,7 - ON
8 - OFF

8 - ON
7 - OFF

Jumpers

n/a

n/a

* R10/R12 - No Load
* R14/R16 - Load

R10/R12 - Load
R14/R16 - No Load

R10/R12 - Load
R14/R16 - No Load

* R10/R12 - No Load
* R14/R16 - Load
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5.6.6 Related Parts

** CAN Bus Operation

System input voltage monitor surface mount resistors and capacitor (R2, R3, and C1) must be removed for proper high speed
CAN bus operation.

5.6.6 Related Parts

Part Manufacturer Manufacturer # Description

Main Connector Harwin G125- 1.25MM F/F 12POS 26AWG 150MM
FC11205L0-0150L

GPS antenna SMA Crystek CCSMX-FBM-RG178-6 6" MMCX to SMA GPS antenna adaptor
adapter Corporation cable.

GPS antenna SMA Crystek CCSMX1-FBM- 6" R/A MMCX to SMA GPS antenna
adapter Corporation RG178-6 adaptor cable.

5.6.7 Using with Inertial Sense Software

Please return to the getting started page to get started programming, updating firmware, viewing data, and logging.
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5.7 Hardware Integration: IG-1-IMX-5

5.7 Hardware Integration: 1G-1-IMX-5

The Inertial Sense IG-1 is a PCB module with IMX-5 and dual ublox ZED-F9P multi-frequency GNSS receivers.

» Surface mount reflowable.
* Onboard dual GNSS for simultaneous RTK positioning and GPS compassing.

* Micro USB and 14 pin I/O header for convenient evaluation.

5.7.1 Pinout

Module Pinout
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5.7.1 Pinout

TOP VIEW

1GND
2VIN
333V
4 USB.D_P 25
5 G1/RX2/RXCAN/SCL USB.D_N 24
6 G2/TX2/TXCAN/SDA/STROBE GND 23
7 G3/TX0 ‘RESET 22
8 G4/RX0 G13/SWCLK 21
9 G5/SCLK/STROBE G13/DRDY 20
10 GB/RX1/MOSI G12/SWO 19
11 G7ITX1MISO G11/SWDIO 18
12 G8/CS/STROBE G10/CHIP_ERASE 17
13 GO/SPT_EN/STROBE VBAT 16
EM GPS PPS GND 15
0 0
= =

Header H1 Pinout
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5.7.1 Pinout
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5.7.1 Pinout

The module and header H1 have the same pinout assignment for pins 1-14. All pins 15 and above are only on the module.
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Module
& H1 Pin

0

B
3
L
]
.

B,
N

B
L

12

L ®

14
15

16

17

Name

GND

GND

VIN

+3.3V

Reserved

G1/Rx2/RxCAN/SCL

G2/Tx/TxCAN/SDA/
STROBE

G3/Tx0

G4/Rx0

G5/SCLK/STROBE

G6/Rx1/MOSI

G7/Tx1/MISO

G8/CS/STROBE

G9/nSPI EN/
STROBE
/STROBE_OUT/
SPI DRDY

GPS.TIMEPULSE

GND

VBAT

G10/BOOT MODE

/0

PWR

PWR

PWR

PWR

I/0

/0

I/0

/0

I/0

/0

/0

/0

I/0

I/0

I/0

/0

5.7.1 Pinout

Description

All other pins not shown in the image are pin 0 tied to GND.

4V-20V supply voltage input
Regulated 3.3V supply input/output.
Not Connected

GPIO1

Serial 2 input (TTL)

Serial input pin from CAN transceiver*
12C SCL line6

GPIO2

Serial 2 output (TTL)

Serial output pin to CAN transceiver*
12C SDA line

Strobe time sync input

GPIO3
Serial 0 output (TTL)

GPIO4
Serial 0 input (TTL)

GPIOS
SPI SCLK
Strobe time sync input

GPIO6
Serial 1 input (TTL)
SPI MOSI

GPIO7
Serial 1 output (TTL)
SPI MISO

GPIOS8
SPICS
Strobe time sync input

GPIO9
SPI Enable: Hold LOW during boot to enable SPI on G5-G8
Strobe time sync input or output. SPI data ready alternate location.

GPS PPS UTC time synchronization signal.

GPS backup supply voltage. (1.4V to 3.6V) enables GPS hardware
backup mode for hot or warm startup (faster GPS lock acquisition).
MUST connect GPS VBAT to VCC if no backup battery is used.

Leave unconnected. BOOT MODE used in manufacturing. !!!
WARNING !!! Asserting a logic high (+3.3V) will cause the IMX to
reboot into ROM bootloader (DFU) mode.
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5.7.2 Hardware Versions

Module Name 1/0 Description
& H1 Pin
18 G1l1 /0 GPIO11
19 G12 /0 GPIO12

GPS reset
20 G13/DRDY /0 GPIO13

SPI data ready

21 G14/SWCLK I/0 GPIO14

22 nRESET I System reset on logic low. May be left unconnected if not used.
23 GND PWR

24 USB N I/0 USB Data Negative Line

25 USB P I/0 USB Data Positive Line

5.7.2 Hardware Versions

The following outlines differences in the IG-1.x hardware versions.
IG-1.1

* GPS1 PPS line connected to IMX TIMEPUSE G15 (pin 20).
1G-1.0

e GPS1 PPS line connected to IMX G8 (pin 8).

5.7.3 Soldering

The IMX-5 can be reflow soldered. Reflow information can be found in the Reflow Information page of this manual

5.7.4 Hardware Design
Recommend PCB Footprint and Layout

The default forward direction is indicated in the PCB footprint figure and on the silkscreen as the X axis. The forward direction is
reconfigurable in software as necessary.

Download PDF

5.7.5 Design Files

Open source hardware design files, libraries, and example projects for the IMX module are found at the
Inertial Sense Hardware Design repository hosted on GitHub. These include schematic and layout files for
printed circuit board designs, and 3D step models of the InertialSense products usable for CAD and circuit
board designs.

open source
ardware

Reference Design Projects
The EVB-2 and IG-1 circuit board projects serve as reference designs that illustrate implementation of the IMX PCB module.
EVB-2 evaluation board

1G-1 module
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https://docs.inertialsense.com/dimensions/IS-IG-1.1-G2-Dual_Dimensions_and_Pinout_IG-1-IMX-5-Dual.pdf
https://github.com/inertialsense/IS-hdw
https://github.com/inertialsense/IS-hdw/tree/main/Products/EVB-2-1
https://github.com/inertialsense/IS-hdw/tree/main/Products/IG-1-0

5.7.6 Related Parts

5.7.6 Related Parts

Part Manufacturer Manufacturer # Description

H1 JST GHR-14V-S 14 pin connector 1.25mm pitch for IMX I/O connection.
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5.8 Hardware Integration: IG-2 (IMX5 + GPX1)

5.8 Hardware Integration: I1G-2 (IMX5 + GPX1)

The Inertial Sense IG-2 is a PCB module with IMX-5 and GPX-1 multi-frequency GNSS receiver.

» Surface mount reflowable.
* Onboard dual GNSS for simultaneous RTK positioning and GPS compassing.

e Micro USB and 14 pin I/O header for convenient evaluation.

5.8.1 Pinout

Module Pinout
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5.8.1 Pinout

TOP VIEW

1GND
2VIN
333V
4 USB.D_P 25
5 G1/RX2/RXCAN/SCL USB.D_N 24
6 G2/TX2/TXCAN/SDA/STROBE GND 23
7 G3/TX0 ‘RESET 22
8 G4/RX0 G13/SWCLK 21
9 G5/SCLK/STROBE G13/DRDY 20
10 GB/RX1/MOSI G12/SWO 19
11 G7ITX1MISO G11/SWDIO 18
12 G8/CS/STROBE G10/CHIP_ERASE 17
13 GO/SPT_EN/STROBE VBAT 16
EM GPS PPS GND 15
0 0
= =

Header H1 Pinout
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5.8.1 Pinout
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5.8.1 Pinout

The module and header H1 have the same pinout assignment for pins 1-14. All pins 15 and above are only on the module.
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Module
& H1 Pin

0

B
3
L
]
.

B,
N

B
L

12

L ®

14
15

16

17

Name

GND

GND

VIN

+3.3V

Reserved

G1/Rx2/RxCAN/SCL

G2/Tx/TxCAN/SDA/
STROBE

G3/Tx0

G4/Rx0

G5/SCLK/STROBE

G6/Rx1/MOSI

G7/Tx1/MISO

G8/CS/STROBE

G9/nSPI EN/
STROBE
/STROBE_OUT/
SPI DRDY

GPS.TIMEPULSE

GND

VBAT

G10/BOOT MODE

/0

PWR

PWR

PWR

PWR

I/0

/0

I/0

/0

I/0

/0

/0

/0

I/0

I/0

I/0

/0

5.8.1 Pinout

Description

All other pins not shown in the image are pin 0 tied to GND.

4V-20V supply voltage input
Regulated 3.3V supply input/output.
Not Connected

GPIO1

Serial 2 input (TTL)

Serial input pin from CAN transceiver*
12C SCL line6

GPIO2

Serial 2 output (TTL)

Serial output pin to CAN transceiver*
12C SDA line

Strobe time sync input

GPIO3
Serial 0 output (TTL)

GPIO4
Serial 0 input (TTL)

GPIOS
SPI SCLK
Strobe time sync input

GPIO6
Serial 1 input (TTL)
SPI MOSI

GPIO7
Serial 1 output (TTL)
SPI MISO

GPIOS8
SPICS
Strobe time sync input

GPIO9
SPI Enable: Hold LOW during boot to enable SPI on G5-G8
Strobe time sync input or output. SPI data ready alternate location.

GPS PPS UTC time synchronization signal.

GPS backup supply voltage. (1.4V to 3.6V) enables GPS hardware
backup mode for hot or warm startup (faster GPS lock acquisition).
MUST connect GPS VBAT to VCC if no backup battery is used.

Leave unconnected. BOOT MODE used in manufacturing. !!!
WARNING !!! Asserting a logic high (+3.3V) will cause the IMX to
reboot into ROM bootloader (DFU) mode.
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5.8.2 Hardware Versions

Module Name 1/0 Description
& H1 Pin
18 G1l1 /0 GPIO11
19 G12 /0 GPIO12

GPS reset
20 G13/DRDY /0 GPIO13

SPI data ready

21 G14/SWCLK I/0 GPIO14

22 nRESET I System reset on logic low. May be left unconnected if not used.
23 GND PWR -

24 USB N I/0 USB Data Negative Line

25 USB P I/0 USB Data Positive Line

5.8.2 Hardware Versions

The following outlines the differences between the IG-2 hardware versions.

1G-2.1

1G-2.0

5.8.3 Soldering

The IMX-5 can be reflow soldered. Reflow information can be found in the Reflow Information page of this manual

5.8.4 Hardware Design
Recommend PCB Footprint and Layout

The default forward direction is indicated in the PCB footprint figure and on the silkscreen as the X axis. The forward direction is
reconfigurable in software as necessary.

Download PDF

5.8.5 Design Files

Open source hardware design files, libraries, and example projects for the IMX module are found at the
Inertial Sense Hardware Design repository hosted on GitHub. These include schematic and layout files for
printed circuit board designs, and 3D step models of the InertialSense products usable for CAD and circuit
board designs.

open source
ardware

Reference Design Projects

The EVB-2, IG-1, and IG-2 circuit board projects serve as reference designs that illustrate implementation of the IMX PCB
module.

EVB-2 evaluation board

I1G-1 module
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https://docs.inertialsense.com/dimensions/IS-IG-2.0_Dimensions_and_Pinout.pdf
https://github.com/inertialsense/IS-hdw
https://github.com/inertialsense/IS-hdw/tree/main/Products/EVB-2-1
https://github.com/inertialsense/IS-hdw/tree/main/Products/IG-1-1-G2

5.8.6 Related Parts

1G-2 module

5.8.6 Related Parts

Part Manufacturer Manufacturer # Description

H1 JST GHR-14V-S 14 pin connector 1.25mm pitch for IMX I/O connection.
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https://github.com/inertialsense/IS-hdw/tree/main/Products/IG-2-0

5.9 Hardware Integration: EVB-2

5.9 Hardware Integration: EVB-2

The Inertial Sense EVB-2 is a development board which contains the Inertial Sense pINS, ptAHRS, or pIMU module. The EVB-2
builds on the foundation established by the EVB-1, but adds new features including:

* 915MHz XBee radio for RTK (real-time-kinematics)

* Wi-Fi and Bluetooth Low energy (BLE) for remote data viewing and logging operation

* Onboard logging to micro SD card.

e Dual antenna ports for GPS compassing

e Companion Microchip SAME70 processor that serves as a communication bridge between the nINS, pAHRS, or pIMU and all
other interfaces.
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5.9.1 Configurations

5.9.1 Configurations

The EVB-2 can be configured to preform a multitude of operations. Below are diagrams of connectivity and configuration options
available. The configuration can be changed by pressing the tactile switch labeled "CONFIG" on the EVB-2 until the Config LED

shows the desired mode.

CBPreset

2

Config LED

Mode

Default

XBee

WiFi/BLE

*

SPI

USB/232

USB/422/485

Off
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ON

RS232

RS232, XBee

Wi-Fi/BLE Module,
RS422/485

*

SPI

RS232, XBee

RS422/485

OFF

WiFi/BLE Module, XBee

WiFi/BLE Module

XBee

Wi-Fi/BLE Module, XBee

EVB2 to IMX Connection

EVB2 to IMX Connection

EVB2 to IMX Connection
WiFi/BLE Module, XBee

©2022



5.9.1 Configurations

*A reset is required following selection of this CBPreset to enable SPI on the IMX, in order to assert the IMX pin 10 (G9/
nSPI_EN) during bootup.
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. Default

Serial 0

Serial 1

Serial 2
H7

UsSB
UINS/UAHRS/uIMU

uinsComPort

uinsAuxPort

RTK Filter

SAME70 Comm Bridge

@ Communications Bridge Preset 2 (Default)
Default protocols shown in bold text, disabled peripherals in light gray

@ ...

Serial 0

Serial 1

Serial 2
H7

USB
LINS/PHAHRS/UIMU

uinsComPort

uinsAuxPort

RTK Filter

SAME70 Comm Bridge

@ Communications Bridge Preset 3 (XBee)
Default protocols shown in bold text, disabled peripherals in light gray

. WiFi/BLE

Serial 0

Serial 1

Serial 2
H7

USB
HINS/UAHRS/UIMU

uinsComPort

uinsAuxPort

RTK Filter

SAME70 Comm Bridge

5.9.1 Configurations

H8

uSD Card

H4 External Radio (TTL)

CAN XCVR  H2

Config LED

H8
uSD Card

H4 External Radio (TTL)

XBee Radio
CAN XCVR - H2

Config LED ‘

H8

uSD Card

H4 External Radio (TTL)
©2022

WiFi/BLE Module



5.9.2 EVB-2 Connections

In the USB hub modes (6-7), the following communications bridge/forwarding exists:

DID_EVB_FLASH_CFG.uinsComPort <-> All ports except XBee, WiFi, and XRadio DID_EVB_FLASH_CFG.uinsAuxPort <-> XBee, WiFi, and
XRadio. XBee and WiFi only enabled when DID_EVB FLASH_CFG.cbPreset == EVB2_CB_PRESET_RS232_XBEE

EVB2_PORT_UINSO is the default value for both of these. See the source code here.

Bit EVB2_PORT_OPTIONS_RADIO_RTK_FILTER Of DID_EVB_FLASH_CFG.portOptions only allows RTK corrections to pass through the
uinsAuxport , reducing the wireless communications burden to only essential RTK base connections. This bit is enabled by default.

5.9.2 EVB-2 Connections

UsB

The most commonly used user interface available on the EVB-2 is the Evs usB port. Connecting to the Eve uss port will provide
power to the device as well communications with the onboard SAME70 processor. After connecting to a PC the EVB2 will appear
as a virtual COM port and can be configured to communicate with every other communication bus on the board. This USB port
should be used when updating the EVB-2 firmware or bootloader.

The EVB-2 also has a second USB port, 1Mx uss. This USB port also supplies power, but it connects directly to the nINS, nAHRS,
or pIMU onboard the EVB-2. This USB port should be used when updating the pINS, pAHRS, or pIMU firmware or bootloader.

GPS Antenna(s)

If using GPS with the module, connect an appropriate antenna to 6pPs1 (37) . If using the board for GPS compassing, connect a
second antenna to GpPs2 (J5) . More information on GPS antennas is available on the GNSS Antennas page.

XBee Antenna

If using the onboard XBee radio, ensure that the XBee radio U.FL connector (U10) is connected to the EVB-2 U.FL connector (J8).
Connect an appropriate antenna to the EVB-2 RP-SMA connector (J5).

To communicate with another XBee radio the PID and NID need to match on both radios. The PID and NID can be set using
DID_EVB_FLASH_CFG.radioPID and DID_EVB FLASH_CFG.radioNID . After setting the PID and NID, the EVB-2 needs to be reset so the
radio can be configured. The XBee LED will flash Yellow then Green if the configuration is successful. A red LED signifies a failed
radio configuration.

Wi-Fi Antenna

The XBee radio can be used along with the Wi-Fi module. In this case, a Wi-Fi antenna must be provided and connected to the
U.FL port on the Wi-Fi module (U8).

To use Wi-Fi alone, connect the U.FL connector on the Wi-Fi module (U8) to the EVB-2 U.FL connector (J8), and connect the Wi-Fi
antenna to the XBee RP-SMA connector (J5).

Header Pinouts

Use JST-PH series connectors for EVB 2.x header H1. Maximum current is 2A per pin.
Use JST-GH series connectors for all other EVB 2.x headers. Maximum current is 1A per pin.

H1 (POWER)
Pin Name Type Description
. . VIN - 4.5-17V supply voltage

. GND - -
2
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https://github.com/inertialsense/inertial-sense-sdk/blob/master/EVB-2/IS_EVB-2/src/globals.c#L458-L459

H2 (CAN)

5.9.2 EVB-2 Connections

To enable IMX CAN interface on H2, the U5 transceiver IC (TCAN334) must be loaded and the R27 jumper removed. To enable
EVB CAN interface on H2, the U13 transceiver IC (TCAN334) must be loaded and the R51 jumper removed.

Pin

_J
.
o,

H3 (RS-232/RS-485)

Pin

B
M.

_R

H4 (EXTERNAL RADIO)

Pin

B
P
P
M.
P
P
M,

Name

GND

3.3V

CANL

CANH

Name

GND

232Tx-/485Tx-

485Tx+

485Rx-

232Rx/485Rx+

Name

GND

GND

GND

3.3V

3.3V

3.3V

TxD

RST

Type

/0

/0

Type

Type

Description

3.3V supply

Low level CAN bus line.

High level CAN bus line.

Description

Serial output (RS232 transmit-, RS485 transmit-)

Serial output (RS485 transmit+)

Serial input (RS485 receive-)

Serial input (RS232 receive, RS485 receive+)

Description

Separate radio 3.3V supply. Regulator can supply up to 3.5A.

Serial input from radio transmit pin (TTL) PD25.

Serial output to radio receive pin (TTL) PD26.

Reset pin
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H7 (IMX CONNECTIONS)

5.9.2 EVB-2 Connections

Pins on H7 (IMX) are shared with the EVB-2 processor. To prevent conflict when using H7, set EVB-2 CBPreset to 6 or 7 (USB

hub mode) to prevent the EVB-2 processor from asserting any I/O on the H7.

Pin

B
.
_F

M.
_B

M,

P
I

I:lll

12

L J®

14

Name

GND
GND

3.3V

DATA-RDY

G1/Rx2"/RxCAN"

G2/Tx2" [TxCAN"/
STROBE

G3/Tx0

G4/Rx0

G5/SCLK/STROBE

G6/Rx1/MOSI

G7/Tx1/MISO

G8/CS/STROBE

G9/nSPI EN/
STROBE
/STROBE_OUT

GPS_PPS

*Available on IMX-3.2 and later.

Type

1/0

1/0

1/0

1/0

1/0

1/0

1/0

1/0

1/0

1/0

Default
Type
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Description

3.3V supply. Output if H1 is supplied. Otherwise
can be 3.3V input.

Indicates data is read to be read from IMX.
GPIO1. Serial 2 input (TTL). Serial input pin from
CAN transceiver.

GPIO2. Serial 2 output (TTL). Serial output pin to
CAN transceiver. Strobe time sync input.

GPIO3. Serial 0 output (TTL)
(tied to IMX-Ser0 Rx)

GPIO4. Serial 0 input (TTL)
(tied to IMX-Ser0 Tx)

GPIO5. SPI SCLK. Strobe time sync input.
GPIOG6. Serial 1 input (TTL). SPI MOSI
(tied to IMX-Serl Tx)

GPIO7. Serial 1 output (TTL). SPI MISO
(tied to IMX-Ser1 Rx)

GPIO8. SPI CS. Strobe time sync input.

GPIO9. Hold LOW during boot to enable SPI on
G5-G8. Strobe time sync input or output.

GPS PPS time synchronization output pulse (1Hz,
10% duty cycle)
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H8 (SAME70 CONNECTIONS)

Pin

_J
.
_F

M.
_H

P
P
.10
I:lll

12

L_J®

14

Name

GND

GND

3.3V

3.3V

M1/TXD1

M2/RXD1

M3/SCK1/
QDA

M4/CS1/
QDB

M5/DA0/
AD4

MG6/DA1/
AD5

M7/AD10

M8/AD4

M9/AD1

M10/AD2

Type Default
Type

I/0

/0

/0

/0

I/0

/0

/0

/0

5.9.3 IMX Connections

Description

3.3V supply. Output if H1 is supplied. Otherwise
can be 3.3V input.

GPIO1, USART 1 Output (TTL/SPI), Inverted
Serial 1 Output (TTL)

GPIO2, USART 1 Input (TTL/SPI), Inverted Serial
1 Input (TTL)

GPIO3, USART 1 Clock (SPI), Quadrature
Encoder Input A

GPIO4, USART 1 Chip Select (SPI), Quadrature
Encoder Input B

GPIO5, DAC 0, ADC 4

GPIOG6, DAC 1, ADC 5

GPIO7, ADC 10

GPIOS8, ADC 4

GPIO9, ADC 1

GPIO10, ADC 2

PWM and timer interrupt functions have been excluded from this table. Please see the MCU pin definition spreadsheet for more

info.

5.9.3 IMX Connections

The EVB-2 ATSAME70 (E70) processor interfaces with the IMX over UART (serial 0 and 1) and SPI (serial 1).

CAN Bus

To use IMX CAN bus interface on the EVB-2, U5 (TCAN334 transceiver) should be loaded and R27 should not be loaded.
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5.9.3 IMX Connections
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SPI

The EVB-2 must be put into CBPreset mode 6 (CONFIG led color cyan) followed by a system reset to enable SPI mode interface
with the IMX. The EVB-2 (E70) project source code is available in the SDK for reference.

Serial 2

To use serial 2, the IMX CAN transciever (U5) and R27 must be depopulated to avoid contention on the data lines.
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5.9.4 Mechanical Dimensions

5.9.4 Mechanical Dimensions

45. Omm
38. 8mm

v A _C|> N C|> N
3.10mm
3“10”%> |< 48. 8mm >|
< 61.0mm >

PCB w/ SMA connectors: 70.0 x 45.0 x 12.0 mm

Enclosure: 78.0 x 48.0 x 18.0 mm

5.9.5 Using with Inertial Sense Software

Please return to the getting started page to get started programming, updating firmware, viewing data, and logging.

5.9.6 Updating Firmware

The EVB-2 and IMX firmware can be updated using the EVB-USB connector and only the IMX firmware when using the IMX-USB
connector.

5.9.7 EVB-2 Design Files

open source
ardware

The EVB-2 PCB assembly design files are available as open source hardware on GitHub.

In particular, full schematics for the board can be found here.
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https://github.com/inertialsense/IS-hdw/tree/main/Products/EVB-2-1
https://github.com/inertialsense/IS-hdw/blob/main/Products/EVB-2-1/Schematic/EVB-2-1-2_Schematic-20Prints.PDF

5.9.8 Related Parts

5.9.8 Related Parts

Part Manufacturer Manufacturer Description
#
H7, H8 JST GHR-14V-S 14 pin connector 1.25mm pitch for IMX and SAME70
connection.
H1 JST PHR-2 2 pin connectors 2.00mm pitch for input power.

5.9.9 XBee Radio Frequencies

The EVB-2 shipped standard with the XBee radio default frequency is 915MHz. An alternate frequency can be achieve by using
the European version of the XBee Pro SX module.

XBee Pro SX Part# Frequency Frequency Band
XBP9X-DMUS-001 (default) 915 MHz 902MHz ~ 928MHz
XB8X-DMUS-001 (Europe) 868 MHz 863MHz ~ 870MHz
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5.10 Hardware Integration: EVB-1

5.10 Hardware Integration: EVB-1

The Inertial Sense EVB1.x is a development board which contains the Inertial Sense nINS, pAHRS, or pIMU module. The EVB1.x
functions as a breakout and communications board with the following features:

e Access to all communications pins on the module
* USB connection, either directly to the module or through an on-board FTDI chip
* RS232/RS422/RS485 transceiver

5.10.1 Connecting the board

For the purposes of basic evaluation, the easiest interface available on the EVB 1.x is the micro USB port. Connecting the micro
USB port will provide power and communications with the installed module via the on-board FTDI chip. There are a variety of
other interfaces available on the EVB 1.x.

If using GPS with the module, connect an antenna to the on-board SMA port. More information on compatible antennas is
available on the GNSS Antennas page.

5.10.2 Power
The EVB-1 can be powered in using the following methods:

* 4-20V DC regulated supply via H1
* 3.3V DC regulated supply via any +3.3V header pin
* 5V USB connection

5.10.3 Pinout

Use Molex PicoBlade™ series connectors for the EVB-1 headers.
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EVB Header and Pin 1 Locations

5.10.3 Pinout

Aming

Please note that EVB-1 header pin 1 location and pin order is reversed from that designated by the header
manufacturer, Molex.

H1 (Power)
Pin Name 1/0 Description
. GND - -
1
. ) VIN - 4V - 20V supply voltage
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H2 (I12C)

Pin

_J
.

H4 (Serial 0)

Pin

B
P

Name

GND

3.3V

G1/SDA/
12C_EN

G2/SCL/
STROBE

Name

GND

3.3V

G4/Rx0

G3/Tx0

H5 (RS232/RS485)

Pin

B
.

Name

GND

3.3V

232Rx1/485Rx1+

232Rx0/485Rx1-

232Tx1/485Tx1+

232Tx0/485Tx1-

/0

/0

1/0

1/0

/0

5.10.3 Pinout

Description

3.3V supply. Output if H1 is supplied. Otherwise can be 3.3V input to
supply IMX. Do NOT power VIN and 3.3V simultaneously!

GPIO1/#12C data (Hold HIGH during boot to enable *12C)

GPIO2/*12C clock/Strobe time sync input.

Description

3.3V supply. Output if H1 is supplied. Otherwise can be 3.3V input to supply
IMX. Do NOT power VIN and 3.3V simultaneously!

$GPI0O4/Serial0 Input (TTL)

$GPIO3/Serial0 Output (TTL)

Description

3.3V supply. Output if H1 is supplied. Otherwise can be 3.3V input to
supply IMX. Do NOT power VIN and 3.3V simultaneously!

Serial 1 input (RS232)/Serial 1 input+ (RS485)

Serial 0 input (RS232)/Serial 1 input- (RS485)

Serial 1 output (RS232)/Serial 1 output+ (RS485)

Serial 0 output (RS232)/Serial 1 output- (RS485)
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5.10.3 Pinout

HG6 (Serial 1/SPI)

Pin Name 1/0 Description
. GND - -
1
. 5 3.3V - 3.3V supply. Output if H1 is supplied. Otherwise can be 3.3V input to
supply IMX. Do NOT power VIN and 3.3V simultaneously!
3 G5/SCLK/ I/0 GPIO5/SPI SCLK/Strobe time sync input.
STROBE
. G6/Rx1/MOSI I GPIO6/Seriall Input (TTL)/SPI MOSI
. ; G7/Tx1/MISO 0 GPIO7/Seriall Output (TTL)/SPI MISO
. G8/CS/ 1/0 GPIO8/SPI CS/Strobe time sync input.
6 STROBE
. . GPS PPS (¢} GPS PPS time synchronization output pulse (1Hz, 10% duty cycle)

* Feature will be available in future firmware update.

iTied to FTDI USB to serial converter ONLY when USB is connected.
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5.10.4 Mechanical

5.10.4 Mechanical
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5.10.5 Jumpers

The jumpers identified in the following table are used to configure RS485/RS422 features and select which serial port the USB is
connected to on the evaluation board.

Jumper Label Default* Description
R9 RXEN RXEN Receiver enable for RS232 and RS485 function.
R10 232 232 Select RS232 or RS485/RS422 mode on H5. Setting jumper in the

“232” position enables RS232 mode.

R8, R11, S0 S1 SO Connects USB to either Ser0 or Serl. All three jumpers must move
R12 together into either the “S0” or “S1” positions.
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5.10.5 Jumpers
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5.10.6 Schematic

X
UsB

FT232R

Micro

USB - TTL
Converter

5.10.6 Schematic

ulNS, uAHRS, uiMU

Ser0
G4/Rx0
G3/Tx0

Ser1/SPI
G6/MOSI/Rx1
G7/MISO/Tx1

G8/CS
G5/SCLK
GPS.TIMEPULSE

Ser1/SPI
G1/SDA
G2/SCL

+3.3V
USB to Ser0 (default)
USB to Serl H5
= « | LTcs70 |
— = EE— Ser1 (RS232)
— Converter —
— — Ser0 (RS232)
$R12 $RI1 $R14 $RI3 RI6S RS $
€0  $IK $0 21K 1K$ 1K $
1
2
18 €— 5 | e
19 — 4 Ser0 (TTL)
1
2
6 € 2 | He
7 — 5 Ser1 (TTL)
8 6 SPI
9 3
20 7
1
2
S H2
4 12C
R17 RIS —'K—|D" USB +5V £
1K 10K

5.10.7 RS232 DB9 Adapter

.|||_

L D> _1g—H1 pin2

EVB Simplified Schematic

The EVB RS232 interface for the serial port 0 is enabled by default and available through header H5. The figure to the right
illustrates how a standard DB9 connector is wired to this port.
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5.10.8 USB Driver

o = [0) .
é é % RS232 PC Side
f N

O

H5-5 Serl Tx
H5-3 Serl Rx
H5-1 GND

5.10.8 USB Driver

The EVB 1.x uses the FTDI FT232R USB to UART IC to provide a serial port over connection over USB. Depending on the
operating system, it may be necessary to download and install the FTDI device driver for the FT232R to register properly as a
serial port.

5.10.9 Using with Inertial Sense Software

Please return to the getting started page to get started programming, updating firmware, viewing data, and logging.
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http://www.ftdichip.com/Drivers/D2XX.htm

5.11 Hardware Design Files

5.11 Hardware Design Files

The Inertial Sense hardware design files are available on our IS-hdw repository to facilitate product hardware development and
integration.

* PCB Libraries - Schematic and layout files for printed circuit board designs.

e Products - 3D models and resources for the IMX, Rugged, EVB, and products useful for CAD and circuit board designs.
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https://github.com/inertialsense/IS-hdw

5.12 Reflow Soldering

5.12 Reflow Soldering

Use of "No Clean" soldering paste is recommended as it does not require cleaning after the soldering process. The following

examples of paste meet these criteria.

5.12.1 The following reflow profile is recommended for soldering:

Temperature (T)

Solder Details

Soldering Paste OM338 SAC405 / Nr.143714 (Cookson Electronics)

Allow Specification Sn 95.5/ Ag 4/ Cu 0.5 (95.5% Tin/ 4% Silver/ 0.5% Copper)
Melting temperatures 217 °C

Critical Zone
T toTp
Tp =
Ramp-u
p-up \ Ramp-down
TL /
Tg MAX /
Tg MIN /
¢—— t Preheat ———| t,—
< t 25°C to Peak
Time (t)

Phase Name Recommended Details
Preheat

dT/dt 3°C/sec Preheat Temperature Rise Rate

TSMIN 150°C Preheat Minimum Temperature

TSMAX 200°C Preheat Maximum Temperature

tSPreheat 60 - 120 sec Time Spent Between Preheat MIN and Max temperatures
Reflow

TL 217°C Reflow Liquidus temperatures

Tp 245°C Reflow Peak temperatures

tp 40-60 sec Time Spent above Reflow Liquidus temperatures
Cooling

dT/dt 4°C/sec Maximum Cooling Temperature Fall Rate
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5.12.1 The following reflow profile is recommended for soldering:

l‘hlportant

A convection soldering oven is highly recommended over an infrared type radiation oven as it allows precision control of the
temperature and all parts will be heated evenly.

ﬁming

The IMX should be located on the topside of a PCB during reflow to avoid falling off.
Care should be taken to not disturb the components on the IMX during reflow as the solder on the IMX will also reflow.

The part must not be soldered with a damp heat process.
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6. IS Software

6. IS Software

6.1 CLTool

6.1.1 Ove

rview

The Inertial Sense CLTool is a command line utility that can be used to read and display data, update firmware, and log data from

Inertial Sense products. Additionally, CLTool serves as example source code that demonstrates integration of the Inertial Sense
SDK into your own source code. The CLTool can be compiled in Linux, Mac, Windows and embedded platforms.

6.1.2 Help Menu

Run "cltoo

DESCRIPTIO
Comman

EXAMPLES
cltool
cltool
cltool
cltool
cltool
cltool
cltool
cltool
cltool
cltool

cltool

OPTIONS (G
-h --h
-c COM

-baud=
-magRef
-q
-reset
-s
-stats
-surve;
-uf FI
-ub FI
-uv

OPTIONS (M
-did [
-edit

-dids

-persi
-prese
-prese

OPTIONS (L
-lon
-1t=TYI
-1p PA
-1ms=Pl
-1mf=B
-1ts=0
-r
-rp PA
-rs=sp

OPTIONS (R
-flash
"-flash
-evbF1.
"-evbF1l

EXAMPLES
cltool
cltool

OPTIONS (R
-rover

1 -h" to display the help menu.

N
d line utility for communicating, logging, and updating firmware with Inertial Sense product line.

-c /dev/ttyS2 -did DID_INS_1 DID_GPS1_POS DID_PIMU # stream DID messages

-c /dev/ttyS2 -did 4 13 3 # stream same as line above

-c /dev/ttys2 -did 3=5 # stream DID_PIMU at startupNavDtMs x 5

-c /dev/ttyS2 -presetPPD # stream post processing data (PPD) with INS2

-c /dev/ttyS2 -presetPPD -lon -lts=1 # stream PPD + INS2 data, logging, dir timestamp

-c /dev/ttyS2 -edit DID_FLASH_CFG # edit DID_FLASH_CONFIG message

-c /dev/ttyS2 -baud=115200 -did 5 13=10 # stream at 115200 bps, GPS streamed at 10x startupGPSDtMs
-c /dev/ttyS2 -rover=RTCM3:192.168.1.100:7777:mount:user:password # Connect to RTK NTRIP base

-rp logs/20170117_222549 # replay log files from a folder
-c /dev/ttyS2 -uf fw/IS_uINS-3.hex -ub fw/bootloader-SAMx70.bin -uv
# update application firmware and bootloader
-c * -baud=921600 # 921600 bps baudrate on all serial ports
eneral)
elp Display this help menu
|_PORT Select the serial port. Set COM_PORT to "*" for all ports and "*4" to use

only the first four ports.
BAUDRATE Set serial port baudrate. Options: 115200, 230400, 460800, 921600 (default)
cal[n] Recalibrate magnetometers: @=multi-axis, 1=single-axis

Quiet mode, no display

Issue software reset

Scroll displayed messages to show history

Display statistics of data received
y=[s],[d] Survey-in and store base position to reflLla: s=[2=3D, 3=float, 4=fix], d=durationSec
LEPATH Update application firmware using .hex file FILEPATH. Add -baud=115200 for systems w/ baud rate limits
LEPATH Update bootloader using .bin file FILEPATH if version is old.

Run verification after application firmware update.

essage Streaming)

DID#<=PERIODMULT> DID#<=PERIODMULT> ...] Stream 1 or more datasets and display w/ compact view.

[DID#<=PERIODMULT>] Stream and edit 1 dataset.

Each DID# can be the DID number or name and appended with <=PERIODMULT> to decrease message frequency.

Message period = source period x PERIODMULT. PERIODMULT is 1 if not specified.

Common DIDs: DID_INS_1, DID_INS_2, DID_INS_4, DID_PIMU, DID_IMU, DID_GPS1_POS,

DID_GPS2_RTK_CMP_REL, DID_BAROMETER, DID_MAGNETOMETER, DID_FLASH_CONFIG (see data_sets.h for complete list)
Print list of all DID datasets

stent Save current streams as persistent messages enabled on startup
tPPD Stream preset post processing datasets (PPD)
tINS2 Stream preset INS2 datasets

ogging to file, disabled by default)
Enable logging
PE Log type: dat (default), sdat, kml or csv
TH Log data to path (default: ./IS_logs)
ERCENT Log max space in percent of free space (default: 0.5)
YTES Log max file size in bytes (default: 5242880)
Log sub folder, 0 or blank for none, 1 for timestamp, else use as is
Replay data log from default path
TH Replay data log from PATH
EED Replay data log at x SPEED. SPEED=0 runs as fast as possible.
ead or write flash configuration from command line)
Cfg List all IMX "keys" and "values"
Cfg=[key]=[value]|[key]=[value]"
ashCfg List all EVB "keys" and "values"

ashCfg=[key]=[value]|[key]=[value]"
Set key / value pairs in flash config. Surround with "quotes" when using pipe operator.

-c /dev/ttys2 -flashCfg # Read from device and print all keys and values
-c /dev/ttyS2 -flashCfg=insRotation[0]=1.5708|insOffset[1]=1.2
# Set multiple flashCfg values
TK Rover / Base)
=[type]:[IP or URL]:[port]:[mountpoint]:[username]:[password]
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As a rover (client), receive RTK corrections. Examples

-rover=TCP:RTCM3:192.168.1.100:7777 :mountpoint:username:password (NTRIP)

-rover=TCP:RTCM3:192.168.1.100:7777
-rover=TCP:UBLOX:192.168.1.100:7777

-rover=SERIAL:RTCM3:/dev/ttyS2:57600 (port, baud rate)
-base=[IP]:[port] As a Base (sever), send RTK corrections.
-base=TCP::7777 (IP is optional)

-base=TCP:192.168.1.43:7777
-base=SERIAL:/dev/ttyS2:921600

6.1.3 Compile & Run (Linux/Mac)

Examples:

6.1.3 Compile & Run (Linux/Mac)

. You must have cmake installed on your machine. To do this, download the cmake application at https://cmake.org/download/. Then,
using the command line, you will need to install cmake with either of the following commands depending on your platform:

Mac:
sudo "/Applications/CMake.app/Contents.bin/cmake-gui" --install

Linux:
sudo apt-get install cmake

. Create build directory

cd cltool
mkdir build

. Run cmake from within build directory

cd build
cmake ..

. Compile using make

make

. If necessary, add current user to the "dialout" group in order to read and write to the USB serial communication ports:

sudo usermod -a -G dialout $USER
sudo usermod -a -G plugdev $USER
(reboot computer)

. Run executable

cd build
./cltool

6.1.4 Compile & Run (Windows CMake CL)

. Install CMake for Windows

. Create build directory " "cd cltool mkdir build

. Run cmake from within build directory

cd build
cmake ..

. Compile
cmake --build .

. Run executable

cd Release (or Debug depending on CMake configuration you selected)
cltool.exe
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6.1.5 Compile & Run (Windows CMake Visual Studio)

6.1.5 Compile & Run (Windows CMake Visual Studio)

Windows Visual Studio supports CMake projects. Follow the instructions provided by Microsoft: https://learn.microsoft.com/en-
us/cpp/build/cmake-projects-in-visual-studio?view=msvc-170

6.1.6 Update the Firmware

In order to update the firmware of your unit on the CLTool, follow these steps:

. Navigate to the directory with the CLTool executable

. Set the unit's COM port as an option, e.g. -c comis

. Specify the FILEPATH to the .hex file, e.g. -uf foo/bar/IS_uINS-3.hex

. Optionally specify the bootloader BLFILEPATH to the .bin file, e.g. -ub foo/bar/bootloader-SAMx70.bin

. Run the executable

*Note: The firmware can only be updated at the following baud rates: 300000, 921600, 460800, 230400, 115200

6.1.7 Logging

. Make sure you have followed the steps shown above to compile your CLTool.
. Change your current directory to /cpp/sbk/cltool/build

. Type ./cltool into the command line while appending your desired options (All possible options can be accessed from the CLTool’s

help menu which is accessed by entering ./cltool -h into the command line)

. The options you will minimally need to log are these: * -1t=# (Defines the log type. Either e.g. -lt=dat or -lt=csv) *

-1p /directoryi/directory2/directory3 (Specifies the path into which your files will be placed.) * If you don’t include this option,
your data will be saved to /build/1s_logs if that directory has already been created. * -1on (Must be placed after all other options
specified)

. This is an example of what you could use as your logging options:

cltool -lon -1lts=1 -1lp /media/usbdrive/data

6.1.8 Command Line Options
Navigate to the directory /cpp/sbk/cltool/build and run the CLTool with the help option, " -h "

./cltool -h

to display the command line options

6.1.9 Command Line Options in MS Visual Studio

When using MS Visual Studio IDE, command line arguments can be supplied by right clicking the project in the solution explorer
and then selecting Configuration Properties -> Debugging -> Command Arguments (see image below).
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6.1.9 Command Line Options in MS Visual Studio

CLTool Property Pages

? X

Configuration: | Debug

v ‘ Platform: | Active(Win32)

V’ [ Configuration Manager... ‘

4 Configuration Properties
General

Debugging

VC++ Directories
C/C++

Linker

Manifest Tool

XML Document Generator
Browse Information
Build Events

Custom Build Step
Code Analysis

v v v vvvvv

Debugger to launch:

[Local Windows Debugger

v

Command

Working Directory
Attach

Debugger Type
Environment
Merge Environment
SQL Debugging

Amp Default Accelerator

Command Arguments -c COM13 -did 4 3 13 -Ip log_filename

S$(TargetPath)

S(ProjectDir)
No
Auto

Yes
No
WARP software accelerator

Command Arguments

The command line arguments to pass to the application.

[ ok | Cancel || Apply |

- 89/341 -

©2022



6.2 EvalTool

6.2 EvalTool

6.2.1 Overview

The EvalTool (Evaluation Tool) is a desktop GUI application that allows you to explore and test functionality of the Inertial Sense
products in real-time. It has scrolling plots, 3D model representation, table views of all data, data logger, and firmware updating
interface for the IMX, uAHRS, or uIMU. The EvalTool can simultaneously interface with multiple Inertial Sense devices.

6.2.2 Download and Install

The EvalTool Windows desktop app installer (.exe) can be downloaded from the Inertial Sense releases page.

6.2.3 Getting Started

() Inertial Sense - EvalTool - ] X
INS Sensors GPS Map DataSets Datalogs Settings About
Serial Ports  General ~ GPS

Open Al Close Al Find Devices Baud Rate: 921600 Update Firmware

Open Port Serial# Hardware Firmware Buid Protocol Repo Build Date Manufacturer  AddInfo
COM8 42278 3.2.4 1.84 1176 1.2.96.8 458 2021-03-26 11:31:15 Inertial Sense INC  INL2

Link: Tx 40, Rx 34 ||| | sn42278 H:3:2.4 F:1.8.4 C:1.2.96.8
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6.2.4 Info Bar

With a device connected to your computer:

. Connect your INS to your computer using directions in the getting started section of this guide
. Open the “Settings” tab -> "Serial Ports" tab

. Click, “Find Devices”

. Ensure that the checkbox under “Open” is selected for your unit

. Wait until the box under “Port” turns green and shows a com-port number

. You can select a specific baud-rate for data transmission on this same tab. This is done in the drop-down menu shown at the top-

middle of the page.
DATA LOGGING STEPS

In order to log data from your INS device, follow the steps listed below:

. Make sure your unit is connected to the EvalTool and the port is open.

. Open the “Data Logs” tab.

. Select “Open Folder” to verify that the log will be saved in your desired location.

. Change the selection in “Format:” to your desired file format (.dat .csv .sdat etc..)
. Change the selection in “Data Streams” to the data that you would like collected.

. Press “Enable” in "Data Log" when you are ready to record the data.

. The data you are currently recording will be shown in the “Log Summary” sub-tab.

. When you are finished recording data, press “Disable”. Your data will be saved in the location shown in “Open Folder”.

6.2.4 Info Bar

The Info Bar can be seen from any tab and shows basic connection information for the unit selected.

Link: T 33, Rx 58 (4.2 KB/s) || |BASE: 78 (3.7 KB/s)| 'SN40161 Hi3.1.3 F:1.8.2 C:1.2.96.8

. Link Status - Shows Packets being Transmitted and Received. counts to 99 then resets to 0.

. Error Message - Shows error messages for the selected unit. The kinds of messages vary from data packets lost to system had a

reset.

. RTK Base Messages - The number in this field will increment as your rover unit continues to receive RTK messages from your base

station. Use this field as the main signifier that RTK messages are coming through.

. Currently selected unit - The unit with the serial number shown here will have its live data shown on each tab in EvalTool.

6.2.5 Update Firmware

. Enter the Settings tab.
. Open the COM ports of the units you would like to update. If the units don't open up, you may have to change the baud rate.
. Click "Update Firmware".

. Choose the firmware file by clicking on the ellipsis (three dots) button next to the file name and navigating to the directory where

your .hex file is located. Select it and press "Open".

. Repeat for the bootloader .bin file or check the bootloader update "Skip" checkbox. The bootloader will only be updated if the unit

has an older bootloader than the file provided.

. Click "Start".
. Wait for the firmware to fully load or your units will enter into "bootloader mode" and you will have to reload the firmware again.

. After completion, click "Done".

*Note: The firmware can only be updated at the following baud rates: 300000, 921600, 460800, 230400, 115200.
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INS Tab

6.2.6 Tab Descriptions

6.2.6 Tab Descriptions

) "
(%) Inertial Sense - EvalTool

Sensors  GPS

Attitude (°)
25.475

13.478
58.955

Map Data Sets

(°/s)

0.33
-0.89
-0.12

@ Aligning

® At @ Pos

z Pos-GPS
7) RTK-Pos

Velocity (m/s)
0.065

-0.314
0.187

© Vel
Hdg-GPS
RTK-Cmp

I
Lat 40.1981957
Lon -111.6210860
Al 1371.411
North -0.051
East -6.685

40.1981521
-111.6210060
1373.434
-4.892

0.106

Zero NED

Link: Tx 41, Rx 91

Data Logs

. Velocity Plot and Table - U,VW velocities.

Settings

North, East (m)

. GPS Summary - Strength of GPS signal and accuracy.

Attitude (°)

Velocity (m/s)

. LLA Plot and Table - Tabular values and plot of Latitude, Longitude, and Altitude.

. Simulation - Real-time, simulated image of the INS orientation.

. BIT (Built-In Test) Button - Runs a system of checks on your unit.

. Link Messages - shows the performance information on connected units and displays error messages.

-92/341 -

Date, Time
Mean CNO
Satelites Used
Accuracy: H, V

Mag Recal

||| | snoH:0.0.0 F:0.0.0 C:0.0.0.0

5-21, 19:50:48.7
31.4 dBHz
8
1.869, 2.817 m

Run BIT

. Attitude Plot and Table - shows the Roll, Pitch, and Yaw values of the selected unit. Hover the cursor of the radio buttons to see
more descriptions.

. Mag Recal Button - Allows you to calibrate your units about either a single axis (for heavy, ground based vehicles) or multi-axes.
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6.2.6 Tab Descriptions

Sensors Tab

() Inertial Sense - EvalTool - = ~
INS Sensors GPS Map DataSets Datalogs Settings About

Gyros o Units 200
-7.88, -7.8637.406,37.385 °/s 1qp
-28.55, -28.79 3.141, 113.171 °/s 0
-32.60, -31.62 20.041, 20.037 °/s _1qp
-200

-300

400

elerometers 0

6.83, -6.83 2.496, 2.507
176, 173 1.519,1.513
7.46, 7.69 1.244,1.222

Magnetometers ] Units
0.46, 0.22 0.229, 0.217 gauss

-0.60, -0.36 0.104, 0.112 gauss
0.86, 1.11 0.127, 0.126 gauss

Barometer g
1460.245 0.3452

Pressure 85.214 0.0035
Temp. 40.088 0.0147
Humidity 11.141 0.7692

-1

Link: Tx 99, Rx 05 ||| | snoH:0.0.0 F:0.0.0 €:0.0.0.0

1. Gyros Plot and Table - Gyroscopic data on the selected unit. Includes standard deviation.
2. Accelerometers Plot and Table - Accelerometer data on the selected unit. Includes standard deviation.
3. Magnetometers Plot and Table - Magnetometer data on the selected unit. Includes standard deviation.

4. Barometer Plot and Table - Barometric, temperature, and humidity data on the selected unit. Includes standard deviation.
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6.2.6 Tab Descriptions

GPS Tab

INS Sensors GPS Map DataSets Datalogs Settings About Visualize Manufacturing

GPS CNO Signal Strength (dBHz) - Red=3D Fix, RTK Fix[ Yellow=Float, Purple=Fix ]

GNSSID svID Elev Flags

Date GPS  GO2 20° 0x0300195f
GPS G05 46° 0x0300195f
G12 132 € 0x0000195f

GPS G13 19° 0x0300195f
GPS G15 20° 0x0300195f
GPS G18 39° 0x0000195f
RTK Pos RTK Cmp 16° 0x0000195F

Differential Age 0.6s GPS 1is 0x00001a27

. ARRatio 207.1 34° 0x0300195f
S G, R e © T 36.73m i 2 DS0058
408.567 i § 0 3
LA WOBTM e toRov. Hdg,  27.4° sGBrijs gxgnggizzi
Acc:H, vV 0.023,0.036m ) . 0 X0000195
Bas. to Rov. Acc. 130.867 SBAS z 0x0000195fF

Time to First Fix 1237 s Galileo 3¢ 0x0300191f

GPS Velocity Galileo 0x0300191f

ECEF X 0.01 m/s B e Galileo 0 0xn[luulzlo
e 001 ottirude 403305617 SN0 CROsg0anf
Galileo ; 0x0300191f

Longttude SL11.7257850°%) |~ Galleo 0x00000927
Altitude 1445.290 m  Galieo e 0x0000191f
Galileo 0x0300191f

Time
CNO: Mean 41.5 dBHz
Satelites Used 12

GPS Position
Latitude 0.3305657°

ECEF Z 0.01 m/s
Accuracy 0.13 m/s

Link: Tx 44, Rx 96 (5.1 KB/s) || |BAsE: 07 (0.7 kB/s)| (SN40161 HiZ:1:3 Fid

1. GPS CNO Signal Strength - Bar graphs of each satellite being used in your solution and its strength in dBHz(CNO).
2. Position Accuracy Plot and Table - RTK mode and status. Includes number of satellites used in the RTK solution (max and mean).

3. Satellites Used Table - The GNSS ID for each satellite seen by your unit and the subsequent connection details.

-94/341 - ©2022



6.2.6 Tab Descriptions

Map Tab

‘:_) Inertial Sense - EvalTool % [m] »
INS Sensors GPS Map DataSets Datalogs Settings About
Zoom Option: ~ Track Active = Zoom to Fit |SManual

Map @ Satellite

AC Label

jh Altitude Tumbling

42

Hall Lubsg o

New Vistas Foundation

Q

Bacon Inc

A
Map data ©2021 Terms of Use Report a map error

Link: Tx 21, Rx 30 ||| | snoH:0.0.0 F:0.0.0 C:0.0.0.0

1. Track Active - Tracks all units on window view.
2. Zoom to Fit - Zooms your window view around each unit being used.
3. Manual - Requires manual movement of the window view.

4. Location of Units - GPS location of each of your units. Shows RTK, GPS ublox, and INS solution.
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Data Sets Tab

6.2.6 Tab Descriptions

D R
(£) Inertial Sense - EvalTool

INS  Sensors GPS

DID
DID_FLASH_CONFIG

DID_INS_2

DID_INS_3

DID_INS_4
DID_SYS_PARAMS
DID_PREINTEGRATED_IML
DID_DUAL_IMU
DID_DUAL_IMU_RAW
DID_MAGNETOMETER _1
DID_MAGNETOMETER_2
DID_MAG_CAL
DID_BAROMETER
DID_WHEEL_ENCODER
DID_GPS1_RTK_POS
DID_GPS1_RTK_POS_MIS(
DID_GPS1_RTK_POS_REL

DID_GPS2_RTK_CMP_MIS(f

DID_GPS2_RTK_CMP_REL
DID_GPS1_POS
DID_GPS2_POS
DID_GPS1_VEL
DID_GPS2_VEL
DID_GPS1_UBX_POS
DID_GPS1_RAW
DID_GPS2_RAW
DID_GPS_BASE_RAW
DID_PREINTEGRATED_IML
DID_DUAL_IMU_MAG
DID_DUAL_IMU_RAW_MA(
DID_BIT

DID_SURVEY_IN
DID_EVB_STATUS
DID_EVB_FLASH_CFG
DID_EVB_DEBUG_ARRAY
DID_EVB_RTOS_INFO
DID_PORT_MONITOR
DID_SYS_CMD
DID_ASCII_BCAST_PERIOL
DID_CAN_CONFIG
DID_RMC
DID_INL2_STATES
DID_STROBE_IN_TIME
DID_SYS_SENSORS
DID_SENSORS ADC

e e

Link: Tx 02, Rx 03

Map

Data Sets

Variables

week
timeOfWeek
insStatus
hdwStatus
theta[0] roll

theta[1] pitch
theta[2] yaw

uvw[0]
uvw[1]
uvw([2]
ned[0] north
ned[1] east
ned[2] down
la[0] Ratitude

Ia[1] longitude

la[2] altitude

Data Logs

SN42278
2158
503887.3026
B ox01841533
0x00000050
0.950
0.416
135.754

40.19818156
-111.62106686
1368.2345

Settings

Units
week

s

About

Description
Weeks since Jan 6, 1980
Time o
INS S

since Sunday morning, GMT

tus flags [0,0,MagStatus, e,GpsMagUsed,Variance, VarianceCoarse]

Hdw Status flags [Fault,BIT,RxErrCount,ComErr, SenSatHist,SensorSat, GpsSatRx,Motion]

Euler angle - roll
Euler angle - pitch
Euler angle

Veloc 1 body frame

North offset from reference LLA
East offset from reference LLA
Down offset from reference LLA
84 coordinate - latitude
longitude
e - ellipsoid altitude

||| | snoH:0.0.0 F:0.0.0 C:0.0.0.0

1. List of DIDs (Data IDentifiers) - The data identifiers that you might need to view for measurements. See the User Manual (Binary
Protocol Data Sets) for a detailed description of frequently used DIDs.

2. List of Variables within DIDs - shows what is recorded in each DID in real-time.
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6.2.6 Tab Descriptions

Data Logs

INS Sensors  GPS Map Data Sets Datalogs Settings About Visualze Manufacturing

Data Streams: Data Log

RMC Presets Save Persistent
@ Logging: 0.1 MB @ 44.5 KB/s Disable  Open Folder
PPD
Stop Streaming Format: Serial binary (.dat)
8
¥ Period dt  odt max 4 Log Summat M
Name Nk Count (ms) (ms) (ms) g ry essages

100 5
100
100
100
100
100
100
100

o

DID_FLASH_CONFIG
DID_NVR_MANAGE_USERPAGE
DID_SYS_FAULT
DID_SYS_FAULT_DEC
DID_RTOS_INFO
DID_DEBUG_STRING
DID_DEBUG_STR_US
DID_DEBUG_STR_X8

9 DID_DEBUG_ARRAY

9 DID_DEBUG_ARRAY_HEX
DID_RTK_DEBUG
DID_HDW_PARAMS
DID_INS_1
DID_INS_2
DID_INS_3

6 DID_INS_4
DID_SYS_PARAMS
DID_PREINTEGRATED_IMU
DID_DUAL_IMU
DID_DUAL_IMU_RAW
DID_MAGNETOMETER_1
DID_MAGNETOMETER_2
DID_MAG_CAL

METED

ID_MAGNETOMETER 2
BAROMETER

5
14790

File Conversion Utility-
Options Input Type: Serial binary (.dat)

Output Type: 'Google Earth (.kml)

Select

Directory <Drop Log Directories Here>

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Link: Tx 70, Rx 85 (44.5 KB/s) || ESI808| BAsE: 08 (0.7 KB/s)| (SN4D161 H:3.1.3 Fil
DATA STREAMS
This area allow users to enable streaming of various DIDs.

. RMC Presets Button - Enable a group of data sets. PPD (post process data) is the preferred preset for post processing and debug
analysis.

. Save Persistent Button - Save currently enabled data streams to automatically begin streaming after system restart. To clear
persistent streams, first stop streaming and then click Save Persistent.

. Stop Streaming - Stops all data streams. Any streams previously saved as persistent will begin streaming at startup.

DATA LOG

. Enable/Disable Button - Starts/stops a log of all currently streaming data and saves it to a sub-folder with the current time-stamp
within your "Logs" folder.

. Open Folder Button - Opens the "Logs" folder where your previous logs are saved.

. Format Dropdown - Select the file output type of the data log, such as .dat, .sdat, .csv, or .kml.

. Summary Window - Shows the log directly path, the elapsed time the data log has been running, the total size of the log file, and a
list currently recording DIDs with corresponding dt (time between measurements).

. File Conversion Utility - Enables you to convert the data log file type in a specified directory. (e.g. .dat to .csv)

Settings Tab
The Settings tab has 3 sub tabs and they are as follows:

Settings - Serial Ports Tab
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6.2.6 Tab Descriptions

:) Inertial Sense - EvalTool — ] X
INS Sensors GPS Map DataSets Datalogs Settings
Serial Ports ~ General  GPS

Open Al Close Al Find Devices Baud Rate: 921600 Update Firmware

Open Port Serial# Hardware Firmware Buid Protocol Repo Build Date Manufacturer  AddInfo
COM8 42278 3.2.4 1.84 1176 1.2.96.8 458 2021-03-26 11:31:15 Inertial Sense INC  INL2

Link: Tx 40, Rx 34 ||| | sn42278 H:3.2.4 F:1.8.4 C:1.2.96.8

. Open All - Opens all of the ports shown.
. Close All - Closes all of the ports shown.

. Find Devices - Determines which peripherals into your computer are Inertial Sense units, and opens those ports while closing the
others.

. Baud Rate - The rate at which data will be communicated over your data channel.
. Update Firmware - Allows you to update your unit's firmware when an update is released from Inertial Sense.

. Port Status - Shows a list of all connected comports and basic information for each of them. Clicking the check box opens the port.

Settings - General Tab
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6.2.6 Tab Descriptions

D R
(£) Inertial Sense - EvalTool

INS Sensors GPS Map DataSets Datalogs Settings About

Serial Ports ~ General  GPS
DID_SYS_CMD
Software Reset Notify EKF that system is motionless. Keep system motionless until INS_STATUS_DO_NOT_MOVE bit clears in DID_INS_x.insStat:

DID_FLASH_CONFIG
sysCfgBits ioConfig
0x00000100 0x01001120
M Auto Mag Recal Input Strobe
M Disabled Mag Declination Estimation M Trigger on Rising Edge
M Disable LEDs M Enable on G2
M Disable Fusion - Magnetometer W Enzble on G5

M Disable Fusion - Barometer M Enable on G8

M Disable Fusion - GPS1 B Enable on GO
M Disable Fusion - GPS2

Output Strobe
M Disable Zero Velocity Updates
M Disable Zero Angular Rate Updates Enb) Vesao P S

M Disable INS EKF
M Disable Auto BIT on Startup

Enable CAN Bus on G1,G2

Link: Tx 32, Rx 69 || Log OFF| | ‘SNO H:0.0.0 F:0.0.0 C:0.0.0.0

1. Software Reset - Allows the user to issue a reset to the unit. has options for all open comports and only the currently connected
unit.

2. Zero Motion - Allows the user to informs the EKF that the system is stationary on the ground and is used to aid in IMU bias
estimation which can reduce drift in the INS attitude.

3. DID Flash Config - Gives the user option to disable or enable different features normally found in the "Data Sets" tab. For more
information about the Flash Config see Data sets.

Settings - GPS Tab
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6.2.6 Tab Descriptions

) R
(£) Inertial Sense - EvalTool

INS  Sensors GPS

Serial Ports  General

DID_FLASH_CONFIG

ser0BaudRate
serlBaudRate
ser2BaudRate
startupGPSDtMs
ioConfig
RTKCfgBits

Map Data Sets

GPS

115200
921600
921600

200
0x01001120
0x00000000

gpsTimeSyncPeriodMs 1000

gpsMinimumElevation 15

gnssSatSigConst
gps1AntOffsetX
gps1AntOffsety
agps1AntOffsetZ
agps2AntOffsetX

oMo i

Latitude
Longitude
Altitude
Acc: HV

ECEF X
ECEF Y
ECEFZ
Accuracy

Link: Tx 51, Rx 49

0x0000

Position
40.1981884°
-111.6208702°
1382.791 m
5.046, 8.190 m

Velocity
-0.20 m/s
0.44 m/s
0.26 m/s
1.43 m/s

Data Logs  Settings  About

Serial port 0 baud rate

Serial port 1 baud rate

Serial port 2 baud rate

GPS measurement (system input data) update

Input strobe trigger: O=low, 1=high

Rover [0x1=G1, 0x2=G2], 0x8=GCompass, Basi
GPS time synchronization pulse period.

GPS minimum elevation of a satelite above the

GNSS constellations used. 0x0003=GPS, 0x000/
X offset from Sensor Frame origin to GPS1 ante
Y offset from Sensor Frame origin to GPS1 ante|
Z offset from Sensor Frame origin to GPS1 ante
X offset from Sensor Frame origin to GPS2 ante

05-21-2021

Time 14:07:30.8
CNO: Mean 23.1 dBHz
Satellites Used 7

RTK Pos RTK Cmp
Differential Age
AR Ratio
Bas. to Rov. Dist.
Bas. to Rov. Hdg.
Bas. to Rov. Acc.
Time to First Fix

RTK Rover Base
Latitude
Longitude
Altitude

RTK Rover  RTK Base

Source Type
GPS1 'Onboard 1 ublox M8
GPS2 'Onboard 2 ublox M8
M Identical Base & Rover GPS1 Timepulse ‘Onboard 1

Status = Base Messages

|| Log OFF| | ‘'SNO H:0.0.0 F:0.0.0 C:0.0.0.0

1. IMX Parameters - Shows flash config settings commonly used when setting up RTK units

2. Status - Shows information important to using RTK.

3. Rover/Base Mode - Used in setup of RTK Rovers and RTK base Stations.

4. Message Window - Shows confirmation messages and Flash Config writes.

About Tab

Shows General information about the EvalTool and where more help information can be found.
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6.2.6 Tab Descriptions

D R
(£) Inertial Sense - EvalTool

INS  Sensors GPS

Link: Tx 65, Rx 25

Map

Data Sets

Data Logs

Settings  About

INERTIAL

autonomous navigation solutions

Device: SN42278
Version | 8.4}_buil§1 101 repo473 - 1.8.4 build 1176 repo 458
Protocol 1.2.96.8 1.2.96.8
Compiled 2021-03-30 17:25:32 2021-03-26 11:31:15
INL2

Press F1 to view help menu and hotkeys.

© 2014-2021 I
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6.3 SDK

6.3 SDK

Overview

The Inertial Sense open source software development kit (SDK) provides quick integration for communication with the Inertial
Sense product line, including the pIMU, pAHRS, and pINS. It includes data logger, math libraries, and serial port interface for
Linux and Windows environments.

6.3.1 C vs. C++ Implementation

The Inertial Sense SDK provides both C and C++ programming language implementation. The following compares differences
between these implementations.

¢ Easier implementation

* Light weight

* Smaller code size

* Minimal subset of SDK files

* Recommended for smaller projects that require lower memory usage.

e SDK files: ISComm.c

C++

* Object oriented device representation

 Fully integrated support for:

* Commutations: single or multiple data type callback functions.

 Serial port handling included

* Datalogging

e Firmware update (bootloader)

* Recommended for typical to advanced C++ applications and production level integration.

e SDK files: InertialSense.cpp

6.3.2 Installing and Configuring Visual Studio

The SDK example projects can be conveniently compiled using gcc with cmake or Visual Studio. The following sections outline
how to setup Visual Studio for use with the SDK example projects.

Installing

The SDK example projects can be compiled using the Community (free) version of Visual Studio. Windows SDK should be
installed in addition to Visual Studio, as an added option in the Visual Studio installer or using the separate Windows SDK
installer.

¢ Visual Studio

* Windows SDK - Can be installed using option in Visual Studio Installer or using separate Windows SDK installer.
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https://visualstudio.microsoft.com/downloads/
https://developer.microsoft.com/en-us/windows/downloads/windows-10-sdk

Configuring

6.3.3 SDK Example Projects Overview

When compiling an Inertial Sense SDK example project in Visual Studio, the currently installed version of Windows SDK must be

selected in the project properties, as illustrated below:

Project properties > General > Windows SDK Version > [Currently Installed Version]

ISCommunicationsExample Property Pages ? X

Configuration: Debug v Platform: Active(x64) v Configuration Manager...
4 Configuration Properties v General
General Target Platform Windows 10
Debugging Windows SDK Version 10.0.16299.0 v
VC++ Directories Output Directory 10.0.16299.0
b C/C++ Intermediate Directory 8.1
> Linker Target Name <inherit from parent or project defaults>
> Manifest Tool Target Extension .exe
> XML Document Generator Extensions to Delete on Clean *.cdf;*.cache;*.obj;*.obj.enc;*.ilk;*.ipdb;*.iobj;*.resources;*.tlb;*.tli;*.tIh;*.tmp;*,
P Browse Information Build Log File $(IntDir$(MSBuildProjectName).log
P Build Events Platform Toolset Visual Studio 2017 (v141)

> Custom Build Step
> Code Analysis

Enable Managed Incremental Build No

Project Defaults

Configuration Type Application (.exe)

Use of MFC Use Standard Windows Libraries
Character Set Use Unicode Character Set

Common Language Runtime SupporiNo Common Language Runtime Support
.NET Target Framework Version

Whole Program Optimization No Whole Program Optimization
Windows Store App Support No

Windows SDK Version
Version of Targeted Platform

OK Cancel Apply

6.3.3 SDK Example Projects Overview

Example Project

NMEA
Communications

Binary
Communications

Fimrware Update
Data Logger

CLTool

6.3.4

Language Description

C

C++

C++

How to use SDK for NMEA NMEA communications.

How to use SDK for binary communications.

How to use bootloader for embedded firmware update.
How to use SDK data logging.

Open source project illustrating how to use the InertialSense C++ class. It
combines all SDK capabilities including serial communications, data logging to
file, and embedded firmware update.
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6.4 Log Inspector

6.4 Log Inspector

6.4.1 Overview

Log Inspector is an open source python utility for viewing and scrubbing InertialSense data log (.dat) files.

6.4.2 Getting Started

Log Inspector can open and plot .dat PPD log files. The lower left hand corner file browser allows you to enter a "working
directory" in the directory field. The whole directory containing the desired is selected from the directory tree. Once the log is
opened, the buttons in the upper left hand corner are used to graph various data sets.

Loginspector - SN40161, H:3.1.3, F:1.8.1 bulld 104, 2020-04-27 15:53:34, INL2 Rov (R
Pos NED Mag Pos NED Pos LLA
NED Map - 20200428 _152459
GFS LLA Vel NED Vel VW -
Attituge Heading INS Status
HOW Stalus GPS 1 Slals GFS 2 Slals - -
- 40151 40451
RIK Pos Stats | RIK Cmp Stats  Flash Conrlg —— 40395 —— 20452
= —— 40436 —— 40394
Device Info IMU POR MU Accel 40140 —— 40102
IMU FSD Magnetometar Temp AT 40748
plele) — 0448 —— 20801
Dedug Int Debug Float Debug Dauble
Deita Time Mag Decl. EKF Blasas
Phase Residuals Cede Resiguals RTK Debug
RTK Dbg 2 RTK Dbg 2 Sat  RTK Dog 2 STD
ATK Dby 2 Lock . RTKPos Misc  RTK Cmp Misc
VWneel Encoder  GPS Raw Time
! u ]
Name
» M@ bin
» % boot
o chiom
» o dey
» M etc
» B hame
~ w Inerual_Sense
» B9 Calitration
v o Lags -10¢
* ww 20200428 _14_RTK_Drive
» W 20200928_144345
» B9 20200428 145345
» B 20200428 145755
» M 20200428_150943
» B9 20200428 151709
» M lib
» M9 oub32
» @ HbEd =200
» p lost+found
» M mesia
» B omnt
» e oaopt
» MW proc
» B9 reat
» B un
» MW stin
» M snap
» sy 300
> osys
» M mp -390 -300 -200 -0 L]
» B usr Fast(m)
> ovar
aMs Chosse Devices fReEIPQ=N kd|Ds |5 |2
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6.4.3 Standard data sets

6.4.3 Standard data sets
* POS NED Map - Used to plot INS position data in NED frame.
¢ POS NED - INS position in NED frame.
¢ POS LLA - INS and GNSS position in LLA.
* GPS LLA - GNSS LLA position.
* Vel NED - Velocity in NED frame.
* Vel UVW - Velocity in body frame.
e Attitude - Euler angle attitude in degrees.
* Heading - Heading data from magnetometer, INS, and RTK.
* INS Status - Plots of status flags vs time.

« HDW Status - plots of hardware status flags vs time.

6.4.4 Building

Note - logInspector requires Python 3.

Navigate to the Inertial Sense SDK directory

pip3 install logInspector/ # (this will return an error message, but will install all the dependencies you need)
cd logInspector
python3 setup.py build_ext --inplace

Create a config file.

C:\Users\[USER]\Documents\Inertial Sense\config.yaml

Add the following or similar contents to this file.

directory: C:\Users\<username>\Documents\Inertial Sense\Logs\20181116_SKI\morning_run_1\back\20181116_175352
logs_directory: C:\Users\<username>\Documents\Inertial_Sense\Logs

serials: ["ALL"]

6.4.5 Running
To run loginspector open a shell and navigate to the loginspector directory and enter the following commands:

python3 logInspector.py

6.4.6 Other Directory Contents

The logInspector also contains some example implementations for dealing with log files directly in python.

logReader

This python module is responsible for loading the log file through a pybind11 interface. All the data in the log is eventually put in
the log.data array.
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6.4.6 Other Directory Contents

logPlotter

This python module is responsible for creating plots. Adding new plots is easy, data is directly accessed using the member
logReader object.

loginspector

A pyqt5 GUI which uses logPlotter to generate plots.
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7. Communication Protocols

7. Communication Protocols

7.1 Protocol Overview

The Inertial Sense products support binary and NMEA protocol for communication.

7.1.1 Binary vs. NMEA

The following table compares the differences and advantages between the binary and NMEA protocols.

Data Efficient

Human
Readable

Complexity

SDK Support

Data Access

Recommended
Use

Apps and
Examples

NMEA Protocol

No. Numbers must be converted to IEEE float
and integers for application. Data occupies
more memory.

Yes

Packet are easier to parse.

Yes, less

Limited to sensor and INS output.
Rapid prototypes and simple projects. Devices

supporting NMEA.

NMEA Communications Example
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Binary Protocol

Numbers are in floating point and integer binary
format used in computers. Data occupies less
memory.

No

Packet encoding, decoding, and parsing are

MORE complicated. Using SDK is recommended.

Yes, more

Comprehensive access to all data and
configuration settings.

Moderate to advanced applications.

EvalTool, CLTool, Binary Communications
Example, Fimrware Update Example, Data
Logger Example
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7.2 Data Sets (DIDs)

7.2 Data Sets (DIDs)

7.2.1 Data Sets (DIDs)
Data Sets in the form of C structures are available through binary protocol and provide access to system configuration and

output data. The data sets are defined in SDK/src/data_sets.h of the InertialSense SDK.

INS | AHRS Output
DID_INS_1

INS output: euler rotation w/ respect to NED, NED position from reference LLA.

ins_1_t

Field Type Description

week uint32_t GPS number of weeks since January 6™ 1980

timeOfWeek double GPS time of week (since Sunday morning) in seconds

insStatus uint32 t INS status flags (eInsStatusFlags). Copy of DID SYS PARAMS.insStatus

hdwStatus uint32 t Hardware status flags (eHdwStatusFlags). Copy of DID SYS PARAMS.hdwStatus

theta float[3] Euler angles: roll, pitch, yaw in radians with respect to NED

uvw float[3] Velocity U, V, W in meters per second. Convert to NED velocity using
"vectorBodyToReference( uvw, theta, vel ned )".

lla double[3] WGS84 latitude, longitude, height above ellipsoid (degrees,degrees, meters)

ned float[3] North, east and down (meters) offset from reference latitude, longitude, and altitude to
current latitude, longitude, and altitude

DID_INS_2

INS output: quaternion rotation w/ respect to NED, ellipsoid altitude

ins_2_t
Field Type Description
week uint32_t GPS number of weeks since January Gth, 1980
timeOfWeek double GPS time of week (since Sunday morning) in seconds
insStatus uint32 t INS status flags (eInsStatusFlags). Copy of DID SYS PARAMS.insStatus
hdwStatus uint32 t Hardware status flags (eHdwStatusFlags). Copy of DID SYS PARAMS.hdwStatus
qn2b float[4] Quaternion body rotation with respect to NED: W, X, Y, Z
uvw float[3] Velocity U, V, W in meters per second. Convert to NED velocity using
"quatRot(vel ned, gn2b, uvw)".
lla double[3] WGS84 latitude, longitude, height above ellipsoid in meters (not MSL)
DID_INS_3

Inertial navigation data with quaternion NED to body rotation and ECEF position.
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7.2.1 Data Sets (DIDs)

ins_3_t
Field Type Description
week uint32_t GPS number of weeks since January 6th, 1980
timeOfWeek double GPS time of week (since Sunday morning) in seconds
insStatus uint32 t INS status flags (eInsStatusFlags). Copy of DID SYS PARAMS.insStatus
hdwsStatus uint32 t Hardware status flags (eHdwStatusFlags). Copy of DID SYS PARAMS.hdwStatus
qn2b float[4] Quaternion body rotation with respect to NED: W, X, Y, Z
uvw float[3] Velocity U, V, W in meters per second. Convert to NED velocity using
"quatRot(vel ned, gn2b, uvw)".
lla double[3] WGS84 latitude, longitude, height above ellipsoid in meters (not MSL)
msl float height above mean sea level (MSL) in meters
DID_INS_4

INS output: quaternion rotation w/ respect to ECEF, ECEF position.

ins_4_t
Field Type Description
week uint32 t GPS number of weeks since January 61, 1980
timeOfWeek double GPS time of week (since Sunday morning) in seconds
insStatus uint32 t INS status flags (elnsStatusFlags). Copy of DID SYS PARAMS.insStatus
hdwStatus uint32 t Hardware status flags (eHdwStatusFlags). Copy of DID SYS PARAMS.hdwStatus
qe2b float[4] Quaternion body rotation with respect to ECEF: W, X, Y, Z
ve float[3] Velocity in ECEF (earth-centered earth-fixed) frame in meters per second
ecef double[3] Position in ECEF (earth-centered earth-fixed) frame in meters

Inertial Measurement Unit (IMU)

DID_IMU

Inertial measurement unit data down-sampled from IMU rate (DID FLASH CONFIG.startupImuDtMs (1KHz)) to navigation
update rate (DID FLASH CONFIG.startupNavDtMs) as an anti-aliasing filter to reduce noise and preserve accuracy. Minimum
data period is DID FLASH CONFIG.startupNavDtMs (1KHz max).

imu_t
Field Type Description
time double Time since boot up in seconds. Convert to GPS time of week by adding
gps.towOffset
status uint32 t IMU Status (eImuStatus)
I imus_t Inertial Measurement Unit (IMU)
DID_IMU_RAW

IMU data averaged from DID IMU3 RAW. Use this IMU data for output data rates faster than
DID FLASH CONFIG.startupNavDtMs. Otherwise we recommend use of DID IMU or DID PIMU as they are oversampled and
contain less noise.
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imu_t

Field

time

status

I

DID_PIMU

Type

double

uint32 t

imus t

7.2.1 Data Sets (DIDs)

Description

Time since boot up in seconds. Convert to GPS time of week by adding
gps.towOffset

IMU Status (eImuStatus)

Inertial Measurement Unit (IMU)

Preintegrated IMU (a.k.a. Coning and Sculling integral) in body/IMU frame. Updated at IMU rate. Also know as delta theta delta
velocity, or preintegrated IMU (PIMU). For clarification, the name "Preintegrated IMU" or "PIMU" throughout our User Manual.
This data is integrated from the IMU data at the IMU update rate (startupImuDtMs, default 1ms). The integration period (dt) and
output data rate are the same as the NAV rate (startupNavDtMs) and cannot be output at any other rate. If a faster output data
rate is desired, DID_IMU RAW can be used instead. PIMU data acts as a form of compression, adding the benefit of higher

integration rates for slower output data rates, preserving the IMU data without adding filter delay and addresses antialiasing. It

is most effective for systems that have higher dynamics and lower communications data rates. The minimum data period is
DID FLASH CONFIG.startupImuDtMs or 4, whichever is larger (250Hz max). The PIMU value can be converted to IMU by
dividing PIMU by dt (i.e. IMU = PIMU / dt)

pimu_t
Field
time

dt

status
theta

vel

Sensor Output

DID_BAROMETER

Type
double

float

uint32 t
float[3]

float[3]

Barometric pressure sensor data

barometer_t

Field

time

bar
mslBar
barTemp

humidity

DID_MAGNETOMETER

Type

double

float
float
float

float

Magnetometer sensor output

Description
Time since boot up in seconds. Convert to GPS time of week by adding gps.towOffset

Integral period in seconds for delta theta and delta velocity. This is configured using
DID FLASH CONFIG.startupNavDtMs.

IMU Status (eImuStatus)
IMU delta theta (gyroscope {p,q,r} integral) in radians in sensor frame

IMU delta velocity (accelerometer {x,y,z} integral) in m/s in sensor frame

Description

Time since boot up in seconds. Convert to GPS time of week by adding
gps.towOffset

Barometric pressure in kilopascals
MSL altitude from barometric pressure sensor in meters
Temperature of barometric pressure sensor in Celsius

Relative humidity as a percent (%rH). Range is 0% - 100%
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magnetometer_t

Field

time

mag

DID_MAG_CAL

Type

double

float[3]

Magnetometer calibration

mag_cal_t

Field

state

progress

declination

DID_SYS_SENSORS

Type

uint32 t

float

float

System sensor information

sys_sensors_t

Field
time
temp
par

acc

mag

bar
barTemp
mslBar
humidity

vin

anal
ana3

anad

GPS | GNSS

DID_GPS1_POS

Type
double
float
float[3]
float[3]
float[3]
float
float
float
float

float

float
float

float

7.2.1 Data Sets (DIDs)

Description

Time since boot up in seconds. Convert to GPS time of week by adding
gps.towOffset

Magnetometers in Gauss

Description

Mag recalibration state. COMMANDS: 1=multi-axis, 2=single-axis, 101=abort, STATUS:
200=running, 201=done (see eMagCalState)

Mag recalibration progress indicator: 0-100 %

Magnetic declination estimate

Description

Time since boot up in seconds. Convert to GPS time of week by adding gps.towOffset
Temperature in Celsius

Gyros in radians / second

Accelerometers in meters / second squared

Magnetometers in Gauss

Barometric pressure in kilopascals

Temperature of barometric pressure sensor in Celsius

MSL altitude from barometric pressure sensor in meters

Relative humidity as a percent (%rH). Range is 0% - 100%

EVB system input voltage in volts. uINS pin 5 (G2/AN2). Use 10K/1K resistor divider
between Vin and GND.

ADC analog input in volts. uINS pin 4, (G1/AN1).
ADC analog input in volts. uINS pin 19 (G3/AN3).

ADC analog input in volts. uINS pin 20 (G4/AN4).

GPS 1 position data. This comes from DID GPS1 UBX POS or DID GPS1 RTK POS, depending on whichever is more accurate.
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7.2.1 Data Sets (DIDs)

gps_pos_t

Field Type Description

week uint32_t GPS number of weeks since January Gth, 1980

timeOfWeekMs uint32 t GPS time of week (since Sunday morning) in milliseconds

status uint32 t (see eGpsStatus) GPS status: [0x000000xx] number of satellites used, [0x0000xx00] fix
type, [0x00xx0000] status flags, NMEA input flag

ecef double[3] Position in ECEF {x,y,z} (m)

lla double[3] Position - WGS84 latitude, longitude, height above ellipsoid (not MSL) (degrees, m)

hMSL float Height above mean sea level (MSL) in meters

hAcc float Horizontal accuracy in meters

vAcc float Vertical accuracy in meters

pDop float Position dilution of precision (unitless)

cnoMean float Average of all non-zero satellite carrier to noise ratios (signal strengths) in dBHz

towOffset double Time sync offset between local time since boot up to GPS time of week in seconds. Add
this to IMU and sensor time to get GPS time of week in seconds.

leapS uint8 t GPS leap second (GPS-UTC) offset. Receiver's best knowledge of the leap seconds
offset from UTC to GPS time. Subtract from GPS time of week to get UTC time of week.
(18 seconds as of December 31, 2016)

satsUsed uint8 t Number of satellites used

cnoMeanSigma uint8 t Standard deviation of cnoMean over past 5 seconds (dBHz x10)

reserved uint8 t Reserved for future use

DID_GPS1_RTK_POS

GPS RTK position data
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7.2.1 Data Sets (DIDs)

gps_pos_t

Field Type Description

week uint32_t GPS number of weeks since January Gth, 1980

timeOfWeekMs uint32 t GPS time of week (since Sunday morning) in milliseconds

status uint32 t (see eGpsStatus) GPS status: [0x000000xx] number of satellites used, [0x0000xx00] fix
type, [0x00xx0000] status flags, NMEA input flag

ecef double[3] Position in ECEF {x,y,z} (m)

lla double[3] Position - WGS84 latitude, longitude, height above ellipsoid (not MSL) (degrees, m)

hMSL float Height above mean sea level (MSL) in meters

hAcc float Horizontal accuracy in meters

vAcc float Vertical accuracy in meters

pDop float Position dilution of precision (unitless)

cnoMean float Average of all non-zero satellite carrier to noise ratios (signal strengths) in dBHz

towOffset double Time sync offset between local time since boot up to GPS time of week in seconds. Add
this to IMU and sensor time to get GPS time of week in seconds.

leapS uint8 t GPS leap second (GPS-UTC) offset. Receiver's best knowledge of the leap seconds
offset from UTC to GPS time. Subtract from GPS time of week to get UTC time of week.
(18 seconds as of December 31, 2016)

satsUsed uint8 t Number of satellites used

cnoMeanSigma uint8 t Standard deviation of cnoMean over past 5 seconds (dBHz x10)

reserved uint8 t Reserved for future use

DID_GPS1_RTK_POS_MISC

RTK precision position related data.
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7.2.1 Data Sets (DIDs)

gps_rtk_misc_t
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Field
timeOfWeekMs

accuracyPos

accuracyCov

arThreshold

gDop

hDop

vDop

baseLla

cycleSlipCount
roverGpsObservationCount
baseGpsObservationCount
roverGlonassObservationCount
baseGlonassObservationCount
roverGalileoObservationCount
baseGalileoObservationCount
roverBeidouObservationCount
baseBeidouObservationCount
roverQzsObservationCount
baseQzsObservationCount
roverGpsEphemerisCount
baseGpsEphemerisCount
roverGlonassEphemerisCount
baseGlonassEphemerisCount
roverGalileoEphemerisCount
baseGalileoEphemerisCount
roverBeidouEphemerisCount
baseBeidouEphemerisCount
roverQzsEphemerisCount
baseQzsEphemerisCount
roverSbhasCount
baseSbasCount

baseAntennaCount

Type
uint32 t

float[3]

float[3]

float
float
float
float
double[3]
uint32_t
uint32_t
uint32 t
uint32 t
uint32 t
uint32_t
uint32 t
uint32 t
uint32_t
uint32_t
uint32 t
uint32 t
uint32 t
uint32_t
uint32 t
uint32 t
uint32_t
uint32_t
uint32 t
uint32 t
uint32 t
uint32_t
uint32 t

uint32 t

7.2.1 Data Sets (DIDs)

Description
GPS time of week (since Sunday morning) in milliseconds

Accuracy - estimated standard deviations of the solution assuming a
priori error model and error parameters by the positioning options. []:
standard deviations {ECEF - x,y,z} or {north, east, down} (meters)

Accuracy - estimated standard deviations of the solution assuming a
priori error model and error parameters by the positioning options. []:
Absolute value of means square root of estimated covariance NE, EU,
UN

Ambiguity resolution threshold for validation
Geometric dilution of precision (meters)
Horizontal dilution of precision (meters)

Vertical dilution of precision (meters)

Base Position - latitude, longitude, height (degrees, meters)
Cycle slip counter

Rover gps observation element counter

Base station gps observation element counter
Rover glonass observation element cou