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2 Purpose

Motion Driver is an embedded software stack of the sensor driver layer that easily configures and leverages
many of the features of the InvenSense motion tracking solutions. The motion devices supported are
MPU6050/MPU6500/MPU9150/MPU9250. Many of the features of the hardware and the on board Digital
Motion Processor (DMP) are encapsulated into modular APIs which can be used and referenced.

Motion Driver is designed as a solution which can be easily ported to most MCUs. With the release of the
Motion Driver 6.0 it includes a 9-axis solution for ARM MCUs and the TI-MSP430. 6-axis only solutions
should continue to reference the Motion Driver 5.1.2 for easier understanding of the software.

This document details how to set up the hardware and get the default projects up and running. It is
recommended as a good way to understand the Motion Driver algorithms, DMP, and MPU HW features.

3 Release Package

MD6.0 release package contains example projects of the TI-MSP430 using Code Composer as well as
STM32F4 and STM32L using IAR. It also contains binary MPL libraries for 9-axis fusion precompiled for
ARM processors and TI-MSP430 processors. MPL libraries for arm uses gcc 4.7.2 compiler.

o _.\arm\STM32F4_MDE6 : Directory which contains the IAR project for STM32F4 Discovery
Evaluation Board and the InvenSense motion solution. The STM32F4 is a Cortex-M4 MCU core. The
IAR project file is located under \STM3F4L_MDG6\Projects\eMDB\EWARM\STM32F4_MD6.eww

o _.\arm\STM32L_MDS6 : Directory which contains the IAR project for STM32L Discovery Evaluation
Board and the InvenSense motion solution. The IAR project file is located under
ASTM32L_MD6\Projects\eMDB\EWARM\STM32L_MD6.eww

e ..\documentation : All relevant documentations regarding MD6 is under this directory

e ...\eMPL-pythonclient : Python client used to test and demonstrate the motion device performance
as well as display log information

o _..\mpllibraries : Directory which contains the InvenSense Proprietary binary MPL (Motion
Processing Library) used in the MD6.0. ARM libraries are compiled using GCC 4.7.2 while the Tl
libraries are using Code Composer 5.5

...\msp430\eMD-6.0 : Contains the Code Composer project for MD6.0.
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4  Starting with the TI-MSP430 Project

4.1 Requirements

o Code Composer Studio to compile MSP430 example
o TI-MSP430 JTAG for downloading and debugging

o Motion Driver 6.0 source files

o InvenSense CA-SDK evaluation board (can be purchased through invensense.com)

4.2 Connecting the Hardware

InvenSense CA-SDK

evaluation board

TI-MSP430 JTAG - connect to PC
with Code Composer Software and
also to the CA-SDK.

Micro-USB — Connect to PC
for power and CA-SDK
output

CONFIDENTIAL & PROPRIETARY 5 of 16

PRELIMINARY



Document Number: AN-EMAPPS-0.0.6
Revision: 1.0

Release Date: 07/17/2014

V4
InvenSense Motion Driver 6.0 — Getting Started Guide
~

4.3 Opening and Compiling the MSP430 Project

e Select import under the file menu.
e Choose existing CCS eclipse project.

Click the browse button to select the Motion Driver folder.

< CCS £t - Code Compaser Studio M == & Import CCS Eclipse Projects
] Edit View Navigste Project Rum Scripts
2 2 PE | Setect Select Existing CCS Eclipse Project
Mew Alt+SI - \J
OpenFie Imports existing CCS Eclipse projects into workspace. g 5 Select a directory to search for existing CCS Eclipse projects.
Close )
Select an import source: ©) Select sgarch-directory: |
Print..
type filter text ® Select archive file:
Switch Workspace = Generdl
. e Discoversd prajects:
— (= Code Composer Studic )
Step -1 [7] Copy projects into workspace
iz Import... - — 58, Build Variables e e i
i Export.. [=3 Existing CCS Eclipse Projects
[P S,
@ < Back Next > Finish Cancel

Open the Motion Driver project by clicking finish.

¥+ Import CCS Eclipse Projects ) [P Swm| | v, CCS Edit - Code Composer Stu
Select Existing CCS Eclipse Project

7 File Edit View MNavigate Project Run Scripts Window Help

g K~ v Fv G [ % CCSDebug
Select a directory to search for existing CCS Eclipse projects. @ -

[{4 Project Explorer i2 BE&®~=O0
- " = motion_driver-2.0 [Active - Release]
C\Invensense_Karthik_Local\UMPL\Mationl Browse... [k mofion driver [Active 1 -
+ i Includes
) 4 (= core
Browse... 4 (= driver
4 (= eMPL
. [8 dmpKeyh
: . [8 dmpmap.h
7 motion_driver-20 [C\Invensense_Karthik_Local\UMPL\Motio Select All
2 . [& inv_gyro_dmp_android.c
. [ inv_gyro_dmp_android.h
Deselect All . [§ inv_gyroc
» [B inv_gyroh
Refresh 4 (= mspdd0
- (= FSo Féror_Care_Lib
> (= USB_API Bc 2|=08ls 2> =8
, (= USB_eMPL
[7] Copy projects into workspace 1§ mepA0_clock.c Nti_wﬂw‘jtid\jﬁ =
[] Automatically import referenced projects > [B msp430_clockh - £
s 6 msp430_ize.c =
> [ msp430_i2ch
(8] mepd30 intemupt.c Mo search results
g sy Pt available, Start a
> 5] mspd30_interrupth search from the
> | & mspd30USB.cmd search dialog...
4 (= simple_apps
» (= msp430
> | g7 Ink_mspd30f5528.cmd
o i

v
me
@) Next > Einish ] Cancel = Licensed =

motion_driver-2.0

(@ Select sgarch-directory:

| &

() Select archive file:

Discovered projects:

m

4| (I

Open the Resource Explorer and browse available example projects...
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e Select the ‘Project’ pull-down menu and ‘Build All’ to compile the project

"+ CCS Edit - eMD-6.0/simple_apps/msp430/mllite_test.c - Code Composer Studio EI
File Edit View Navigate [Emjecl Run  Scripts  Window Help
- & v |OF MNewCCSProject Ef %, CCSDebug (17
CCS5 Example Projects =
[ Project Explorer i3 b L i -
4 ﬁ eMD-6.0 [Active - D Build Project tap ch(tap_cb); - o
N %_? Binaries & Build Al Ctrl+g  gndroid_orient_cb(android_orient_cb); o
- =
> ! Includes Build Configurations L =
4 - core ] Build Working Set » pabled will sample sensor data at 28@Hz and ocutput to FIFO at the re
4 = driver o in the dmp_set_fifo_rate API. The DMP will then sent an interrupt or
a4 (= eMPL Clean... Es been put into the FIFO. Therefore if the dmp_set_fifo_rate is at
- A dmpKey Build Automatically be a 25Hz interrupt from the MPU device. =
> B fimpm Show Build Settings... known issue in which if you do not enable DMP_FEATURE_TAP
> [ !n\.r_mp R hterrupts will be at 28@Hz even if fifg rate
> [B] inv_mp RekiiE=S B different rate. To avoid this issue include the DMP_FEATURE_TAP
> [ inv_mp - . - 3
o A inv_mp £ Import Bxisting CCS Eclipse Project fusion works only with gyro at +-2@@@dps and agccel +-2G i
. - ¥ Import Legacy CC5v3.3 Project
> & include res = DMP_FEATURE_6X_LP_QUAT | DMP_FEATURE_TAP |
> 5= mspd30 Properties BE AMNDNTR NDTENT | N0 EEATIIDE CEMN DAW ArrEl | D EEATHIDE CEmR 1
: = eMPL-hal - I | ’
> B milite El Consale 2 “ B~ =08 Jr:_\ Problems EXI o Advice| & Search| ¥ =0
|
s & mp Mo consoles to display at this time, 0 errors, 6 warnings, 0 others
> (2= Debug . =
» = simple_apps 4 Description
> L Ink_msp430f5528.cmd [ & Warnings (6 items)
[# MSP430F5528, coxml [Active] -
< | m ] » 14 ] +
i Licensed 15 eMD-6.0

e With the JTAG and CA-SDK hardware connected download the firmware by selecting the ‘Run’
pull down menu and ‘Debug’

"+ CCS Edit - eMD-6.0/simple_apps/msp420/mllite_test.c - Code Composer Studio EI
File Edit View Mavigate Project Scripts Window  Help
- R~ I |E Load v %, CCSDebug [0~
[} Project Explorer 23 = * Debug F11 =8
=
Fl Ilg eMD-6.0 [Active - Debug] Debug History N Er_tap_cllj(tapch); ) ) - o
o 3% Binaries er_android_orient_ch(android_orient_ch); o
. Debug Configurations... =
> i Includes s - =
4 = core ] 944 * DMP when enabled will sample sensor data at 28@Hz and output to FIFO at the r:
4 = driver 945 * specified in the dmp_set fifo_rate API. The DMP will then sent an interrupt or
4 = eMPL 948 * a sample has been put into the FIFO. Therefore if the dmp_set fifo_rate is at
. A dmpKey.h gi; there will be a 25Hz interrupt from the MPU device. =
> B fimpmap.h R R 9439 * There is a known issue in which if you do not enable DMP_FEATURE_TAP
> gl !nv_mpu_dmp_mot!on_dr!ver. 958 * then the interrupts will be at 28@Hz even if fifo rate
> [ inv_mpu_dmp_motion_driver. L 951 * is set at @ different rate. To avoid this issue include the DMP_FEATURE_TAP
> [ inv_mpu.c 3 952 = |
> [8) inv_mpuh 953 h .DMP sensor fusion works only with gyrg at +-2088dps and agcel +-2G i
; 954
> & include 955 hal.dmp_features = DMP_FEATURE_6X_LP_QUAT | DMP_FEATURE TAP |
> g2 mspd3l aza NMD EEATIDE AMRBATA ADTEMT | AMD EEATIIOE CEMM DA ACFE! | nD EEATIDE CENR Fi
. = eMPL-hal < n | ’
> mllite El Console 2 « B ~F~=0 Jr:_g Problems EX] ¥ Advice| & Search| ¥ =0
|
s & mp Mo consoles to display at this time. 0 errors, 6 warnings, 0 others
(= Debug - =
» = simple_apps | Description
o [ Ink_msp430f5528.cmd [ & Warnings (6 items)
%] MSP430F5528 . coeml [Active] -
4 (1 | » 14| ([} b
i Licensed 15 eMD-6.0
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e You can then run the firmware through the debugger or turn off and on the CA-SDK to run off

flash.

5 STM32L (Cortex-M3) Discovery Board Project

5.1 Requirements
e |AR ARM Workbench Compiler

e STMB32L Discovery Evaluation Board (purchasable through DigiKey, Mouser, etc...)

e Motion Driver 6.0 source files

e InvenSense evaluation boards for MPU6050 or MPU6500 or MPU9150 or MPU9250
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5.2 Connecting the Hardware

STMA43L Discovery
Board

UART output

USB - connect to PC
for power and
debugging

InvenSense Eval
Board

e InvenSense Eval Board connection to Discovery Board

The connection from the InvenSense eval board to the discovery board will require wiring between the two
PCB boards. The InvenSense eval board pin outs are similar

CH1
HEADER 1002, Male, 800, 2.54mmx2 54mm

—
AUX DA EVE2 1 2
3 J_H
INT TP2_EVB2 "‘_LT ] j_"‘a ICS TP3 EVEZ
DRDY TPO EVE2 i1 Jﬂ_"‘jg ;
VPP EVEZ 13 14 o
15 18 o
5 R —
FovMC TP EVED | ot S — e ——
VIN_EVE) 7| L [a ADO SDO EVEZ
w27 | | 28 .
| —
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To connect to the Discovery Board you will need to connect these 5 pins

EVB Header Pin Discovery Board GPIO Pin
Number Description Number
3 INT output PA1
13 GND GND
19 VCC_IN EXT_3V
16 I2C SCL PB10
18 I2C SDA PB11

e Discovery Board UART Output

The MD6.0 outputs via data via it's UART1 pins. The data is used by the python client to display information
for the user. The pins are

Discovery Board UART Out
Pin Number Description
PA9 UART Tx
PA10 UART Rx

You will need to use a UART convertor to the PC. There are several UART to Serial or UART to USB
convertors available.

5.3 Opening and Compiling the IAR Project

¢ Double click on the IAR ARM project file to automatically open the workspace in IAR ARM
compiler. Project file is under the directory

../ISTM32L_MD6/Projects/eMD6/EWARM/STM32L_MD6.eww
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@Uv| .« STMBZL_MD6 » Projects » eMD6 » EWARM » ~ [ 42 ][ Search Ear
Organize « ﬁ Open = Burn Mew folder -
=
X Favorites Name Date modified Type Size
Jm Box Sync . Debug 1/7/201310:09 AM  File folder
Bl Desktop settings 30/2014 2:11 AM File folder
4 Downloads . STM32L-DISCOVERY-EMPL 01310:09 AM  File folder
%% Dropbox |_| Backup (2) of Project.ewd 013 10:09 AM WD File
%l Recent Places | Backup (2) of Project.ewp 0131009 AM  EWP File
|| Backup (3) of Project.ewd 013 10:09 AM  EWD File
4 Libraries || Backup (3) of Project.ewp 013 10:08 AM WP File
3 Documents || Backup of Project.ewd EWD File
o) Music [ Backup of Project.ewp EWP File
[&] Pictures || EWB3D4.tmp 01310:09 AM  TMP File
B videos €] main.c 01310:09 AM  C SourceFile
| Project.dep 6/30/2014 4:00 PM DEP File
1% Computer | Project.ewd 6/26/201412:04 PM  EWD File
‘-:_'-' Local Disk (C:) | Project.ewp /2014 2:56 PM WP File
—a My Passport (E:) || STM32L_EMPL511CustomSfr.sfr 1/7/2013 10:09 AM SFR File
| STM32L_MD6.ewp 1/7/201310:09 AM  EWP File
€ Network 4] STM32L_MD6.eww 1/7/201310:09 AM  1AR IDE Workspace
|| stm32Ilxx_flash.icf J1/201310:09 AM ICF File
| stm32[e_ram.icf 1/7/201310:09 AM  ICF File
4| m 2
B STM32L_MD6.eww Date modified: 1/7/2013 10:09 AM Date created: 9/9,/2011 12:10 PM
96 IAR IDE Workspace Size: 161 bytes
‘ . ’ ‘ . ’
e Select the ‘Project’ pull down menu and ‘Rebuild All
& STM32L_MD6 - 1AR Embedded Workbench IDE =[]
File Edit View [Project| Tools Window Help
O | AddAles. - wmEP @@ [B3 02 80 D
Workspace Add Group... * —.“mel mpu_init(struct int_pari + X
[sTM3ZLDISCOVE] Import File List... *| I O #ifdef AKR9xx_SECONDARY A
Files Add Project Connection... ~ st.chip cfg.compass_sample_rate = OxFFEE;
~ M7 r #endif
B ([ Project - Edit Configurations... #* mpu_set_sensors alvays preserves this sstting. +/]
H# (1 CMSIS st.chip cfg.clk src = INV_CLE PLL:
e Ceore e /* Handled in next call to mpu set bypass. */
—T_%lgive Create New Project... st. ‘ic::;eslt.:w_in: =1 a
e st. .latched_int =
| —® Add Existing Project... at. .int_motien_only — Of
| — = st. .1p_accel_mode = 0;
| Options... AltFT memset (sst.chip cfg.cache, sizeof (st.chip cfg.cache));
5 st.chip_cfg.dmp_on = 0;
I Version Control System 4 st.chip cfq.dmp loaded = 0
| — at.chip .dmp_sample_rate = 07
| Make F = = =
g:t Compile Cerl+F7 if (rpu_set_gyro_fsr(2000))
Rebuild All L4 return -1;
g ﬁqh‘f"z Ty if (mpu_set_accel £sr(2))
- return -1;
Cimpl Batch build... F8 if (mpu set 1pf(i2))
HE [0 00c return -1;
CIEWAR Stop Build Ctrl+Break if (mpu set ssmple rate{S))
[HE (I Periphe return -1;
=111 SidPeri Download and Debug Ctrl+D A if (rpu_configure £ifo{0))
[Froisct Debug without Downloading or = - =
Make & Restart Debugger Ctrl+R
Message Restart Debugger Ctrl+Shift+R
Download »
SFR Setup
Open Device Description File 3
List All Registers to File...
=
=K . r
Clean and make the active project Errors 0, Warnings 0 Ln 750, Col 57 System NUM
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o With the hardware connected, hit the ‘Download and Debug’ ICON

ﬁ S5TM32L_MD6 - IAR Embedded Workbench IDE
File Edit View Project Tools Window Help

(E=5 B =)

- EIEEET IR

YR e dh BMUWH S (LD

Workspace

o s |

[ Download and Debug Juctintpar = x
STM32L-DISCOVERY e [] #ifdef AK29xx SECONDARY =]
= 0x H m
Files 2 B | "end:i.chlp_cfg.cumpass_sample_rate OXFFFE;
B {J Project - STM32L-DISCOVERY /* mpu_set_sensors alvays preserves this setting. #/
FECCMSIS st.chip cfg.clk_src = INV_CLK PLL;
= Ccore /* Handled in next call to mpu set bypass. */
& C driver st.chip_cfg.active_low_int = 1; m
FECeMPL st.chip cfg.latched int = 03
| — E1dmpkey.h st.chip cfg.int motion only
| B1dmpmaph £ st.chip_cfg.lp accel_mode =
| k& Bimv_mpuc memset (sst.chip_cfg.cache, 0, sizeof (st.chip_cfg.cache)):
| = Elim_mpuh st.chip cfg.dmp on = 0:
| [E1inv_mpu_dmp_motion_driver.c st.chip cfg.dmp loaded = 07
| L— Riinv_mpu_dmp_motion_driverh st.chip_cfg.dup sample rate = 0;
= Cinclude if - sar(z000
L@m3stm3al . (2‘;};2 jci“_{m* ar(2000))
DETPL’W‘ m if (mpu_set_accel fsr(2))
Dm ite: return -1;
@ Cmpl if (mpu_set 1p£(42))
-2 C1Dac return -1:
2 (I EWARM if (mpu_set_sample_rate(50))
= (1 Peripherals return -1;
=1 StdParinh_Mriver A4 if (mpu_configure fifo(0))
[Frect ey a
Messages
=
EIR i »

Download the application and start the debugger

Errors 0, Warnings 0 Ln 755, Col 37 System NUM

6 STM32F4 (Cortex-M4) Discovery Board Project
The STM32F4 (Cortex-M4) port is similar to the STM32L port with the following differences

e Project compiled for

STM32F4-Discovery Board
STM32F407VG. The Discovery Board is purchasable through the usual distribution channels

using board support
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e MPL library compiled in arm gcc compiler 4.7.2 but with Cortex-M4 specific settings for better
optimization. It can still work with the MPL library for generic ARM core.

e UART output from STM32F-Discovery Board

Discovery Board UART Out
Pin Number Description
PA2 UART Tx
PA3 UART Rx

Most of the software is the same except for the system and board related files.

7 Python Client

A python client is included with the release package to test the performance and display log information. The
client can be found in the release package under the directory

.\eMPL-pythonclient\

The python client also accepts user input and provides the input the sample HAL Application. The user would
be able to enable/disable sensors, enable computation algorithms, enable hardware features, and view log
information. You would need to install Python (version 2.5 and above), pyserial and pygame for the python
script to execute.

CONFIDENTIAL & PROPRIETARY 13 0f 16 PRELIMINARY
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¢ Installing Python 2.7 (32-bits version) or above, pyserial, and pygame

Python: https://www.python.org/downloads/
Pyserial: https://pypi.python.org/pypi/pyserial
Pygame: http://www.pygame.org/download.shtml

e Connect your flashed and working hardware to your PC and find the COM port in the device
manager if the connected device

=y Device Manager EI@
File Action View Help
e m|E|HE Q@ &S

b ey DVD/CD-ROM drives -
4% Human Interface Devices

—ﬂ Imaging devices

lé"“ Jungo

b-EB Keyboards
Mice and other pointing devices
Maonitors
Metwork adapters

) Other devices

T )

7 Bluetooth Peripheral Device
Bluetooth Peripheral Device
7 Broadcom USH

7 Mass Storage Controller
----- i@ Unknown device
415" Ports (COM & LPT)

m

----- 15 Embedded MotionApps (CDC) (COMS59)

----- T2 Prolific USB-to-Serial Comm Port (COM45)
----- 15" Standard Serial over Bluetooth link (COM4G)
----- 12" Standard Serial over Bluetooth link (COMBE)
----- 12" Standard Serial over Bluetooth link (COMEGE)
----- 15" Standard Serial over Bluetooth link (COMB3)
----- 1" Standard Serial over Bluetooth link (COMT70)
----- 12" Standard Serial over Bluetooth link (COMT1)

. .IT¥ Processors

e Start the python client by opening up a command prompt window and browse to the python
client directly and enter the following command

o python eMPL-client.py <COM PORT NUMBER>

BN C:\Windows\system32\cmd.exe

14 File<s> 15,998,714 hytes
17 Dirds> 18,.995,.863.552 hytes free

IC:~Python2?>cd eMPL_511

C:~Python2?~eMPL_511>diw
Uolume in drive C has no lahel.
Uolume Serial Mumber is AEAE-D261

Directory of C:“Python2?~eMPL_511

A1.-14/2014 H <DIR>

A1.-14/2014 H <{DIR> ..

i1-16-,2012 H 1@8.846 eMPL-client.py

91142814 H 71,651 euclid.py

81142814 H 78,7268 euclid.pyc

11162012 H 5.921 ponycube.py

B1.14-2014 H 8.329 ponycube.pyc
175,787 hytes

2 Dirds> 18.995.863.552 hytes free

C:~Python2?<eMPL_511>python eMPL-client. 59

4 M 3
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e 2 Windows will pop one. 1 contains a 3D Cube which corresponds with the quaternion angles
outputted from the device. The other window will display any related logs or data

e Motion Driver 6.0 can accept input commands and display various different data. You must first
make sure the cube window is the focused window then type in the input command.

For TI-MSP430 you must first type ‘inv’ then the command.
For IAR project you only need to type the command only.

Commands T, ‘s’, and ‘x’ are for MSP430 only.

o ‘8 :Toggles Accel Sensor

o ‘9 :Toggles Gyro Sensor

o ‘0’ :Toggles Compass Sensor
o ‘@ :Prints Accel Data

o ‘g :Prints Gyro Data

o ‘c’:Prints Compass Data

o ‘e’ : Prints Eular Data in radius
o ‘r : Prints Rotational Matrix Data

o ‘q’: Prints Quaternions
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‘h’ : Prints Heading Data in degrees
" : Prints Linear Acceleration data
‘W’ : Get compass accuracy and status

‘d’ : Register Dump

‘p’ : Turn on Low Power Accel Mode at 20Hz sampling

‘" : Load calibration data from flash memory
‘s’ : Save calibration data to flash memory

‘" : run factory self test and calibration routine

1’ : Change sensor output data rate to 10Hz
‘2’ : Change sensor output data rate to 20Hz
3’ : Change sensor output data rate to 40Hz
‘4’ : Change sensor output data rate to 50Hz
‘5’ : Change sensor output data rate to 100Hz
‘, : setinterrupts to DMP gestures only

‘.’ : setinterrupts to DMP data ready

‘6’ : Print Pedometer data

‘7’ : Reset Pedometer data

‘¥ : Toggle DMP on/off

‘m’ : Enter Low Power Interrupt Mode

‘X’ : Reset the MSP430

‘v’ : Toggle DMP Low Power Quaternion Generation
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