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2 Purpose

The Embedded Motion Driver is an embedded software stack of the sensor driver layer that easily configures
and leverages many of the features of InvenSense motion tracking solutions. Invensense release of the
eMDs implements several sensor fusion algorithms for customers to use such as Quaternion generations
and gesture detections. Detailed descriptions of the features are in section 7 Features Overview.

The eMD is designed as a solution which can be easily ported to most MCUs. With the release of the eMD
20X48 it includes a complete 9-axis solution with sensor fusion, calibration, and common gesture detection
all running on the DMP. The eMD release package contains an example project built on top of a bare metal
ST Discovery evaluation aboard with an ARM M4,

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 hardware features.
3 Release Package

eMD 20x48 release package contains an example project of the ICM20648 and ICM20948 using an STM
ARM Cortex M4 core. It was developed using a STM32F4 Discovery Board and IAR ARM Workbench
Toolchain and compiler. The package’s more important contents are highlighted in the following....

e ...\emd-ICM20648-20948-20608D-stm32f4xx-1.3.0.rcl\embedded-motion-
drive\EWARM\STM32F4_eMD-VDM.eww : IAR ARM Project file

e ...\embedded-motion-driver\User\ : Contains the main.c and main.h

e _.\embedded-motion-driver\Mems\ : Invensense specific driver codes

e ..\embedded-motion-driver\EWARM\ : example Project file using IAR tool ARM embedded
workbench toolchain

o _.\emd-ICM20648-20948-20608D-stm32f4xx-1.3.0.rc1\pyConsoleScipts-rolldice\ : A python
script which enables a 3D model of a cube that takes in quaternions. The cube is used as a way to
help validate the quaternions generated from the system.
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4 STM32F4 (Cortex-M4) Discovery Board Project
4.1 Hardware Requirements

e STM32F4-Discovery Board Evaluation Board Kit with STM32F407VG MCU
(purchasable through DigiKey, Mouser, etc...)

e FTDI UART module x 2 (we used UB232R this one)

o http://www.digikey.com/product-detail/en/ftdi-future-technology-devices-
international-ltd/UB232R/768-1022-
ND/1836400?WT.srch=1&gclid=CKOzzleq NECFUINfgods1MJsw

e InvenSense evaluation boards for ICM20648 (6-axis accel and gyro) or ICM20948 (9-
axis accel, gyro, and mag)

Port Number:
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e |CM20948 1.8V power supply — ICM20948 VDDIO requires 1.8V which Discovery Board
does not supply (later ST MCU boards like the Nucleo does supply this current).
Unfortunately customers will need an external supply in order to use the full 9-axis

4.2 Software Requirements
e |AR Embedded Workbench 7.3 or higher version
e ST-LINK USB Driver for debugging

e Terminal Application like TeraTerm — used for inputting commands and seeing output
logs like sensor data

e Python 2.7 + pySerial + pyGame — a PC 3D model of a cube that takes in quaternions
from the Invensense eMD project through the UART/USB output of the ST Discovery
Board

4.3 Connecting the Hardware

Control UART Data UART
(912600 baud) (912600 baud)

12C

ICM20X438

ST Discovery
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e InvenSense ICM20648/ICM20948 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 all similar

CNT
HEADER 10042, Male, 800, 2. 54mmee2 S4mm

—
AUY DA EVED 1 5
ALY, CL BEVEY B 4
E—_s =
NT_TP2_EVEZ 7 g ICS TP3 EVE2
DRODY TPD EVB2 ”—9—11 1
VPP EVEZ 1 14
1-'-
17 18"~  REGOUT EVE2
2 Sl SCLE EVE
FSYMC TP1 EVE? 3“—;‘?— = LT
VIN_EVE2| ;2 L :‘é AD0 SDO Evez
{_EL _hB_}':I
 —

To connect to the Discovery Board you will need to connect these 5 pins on the Invensense EVB. Most
Invensense EVBs do not populate the pins 1-4 and 25-28.

EVB Header Pin Discovery Board GPIO Pin
Number Description Number
7 INT output PA1l
17 or 15 GND GND
23 VCC_IN EXT_3V
20 12C SCL PB10
22 I>C SDA PB11

In addition, if you are using the ICM20948 you need an external 1.8V supply

5 1.8V supply NA - needs external source
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e Discovery Board UART Output

The eMD outputs data through 2 UART outputs. 1 UART is the Command UART which takes in command
inputs, and outputs debug logs and data. The 2" UART is the Data UART and primary used to output
guaternions for the Python Cube. The pins are

Discovery Board UART Out
Pin Number Description
PA2 Data UART Tx (pin 8 if using UB232R)
PA3 Data UART Rx (pin 7 if using UB232R)
PC6 Command UART Tx (pin 8 if using UB232R)
PC7 Command UART Rx (pin 7 if using UB232R)
4.4 Setup

e Open IAR IDE and load project - Double click on the IAR ARM project file to automatically
open the workspace in IAR ARM compiler. Project file is under the directory

...\embedded-motion-drivenEWARM\STM32F4_eMD-VDM.eww

e Configure Invensense target chip in Compiler Options in the project

o Right click on the project and goto “C/C++Compiler Category” and “Preprocessor” tab

o Under “Defined symbols” box the “MEMS_20648” is defined. Do not change this define
even if you are using ICM20948. The ICM20948 is the ICM20648 with a compass
attached to its auxiliary 12C.

o If ICM20948 define the following compiler symbols, if ICM20648 please remove.
(Technically if you have external AKM compass connected to the ICM20648 AUX 12C
you can define these and it will act like a ICM20948, however for simplicity right now we
will assume it is standalone ICM20648)

» “‘MEMS_SECONDARY_DEVICFE”
» “‘MEMS_AUGMENTED_SENSORS”

o Configure Basic Activity Classification (BAC) to either wearable mode (on wrist) or

mobile (phone) if using this feature
= |f device is more like wrist worn, then define “MEMS_WEARBLE_DEVICE” in
compiler symbols

o Configure Compass Device and 12C Address is needed.

* In main.c search for “COMPASS_SLAVE_ID” and select the appropriate device.
For ICM20948 change to “AK09916” since it is using an internal AKM9916 part.

* |n main.c search for “COMPASS_CHIP_ADDR". If ICM20948 or AK09916
change to “0x0C”. Other AKM compass devices use address “Ox0E”.

o Configure Mounting Matrix for accel/gyro and compass in main.c

= The mounting matrix is the chip frame to body frame transformation. There is a
mounting matrix for accel/gyro and a separate mounting matrix for the compass.

= Search “ACCEL_GYRO_ORIENTATION?” for accel and gyro

= Search “COMPASS_ORIENTATION” for compass
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o

Select the ‘Project’ pull down menu and ‘Rebuild All

=]

==

- wuEe e |2 PR & 2 b
main.c_ inv_mpu.c | mpu_init(struct int_par: = X
[ #ifdef AKEIxx_ SECONDARY f
st.chip_cfg.compass_sample_rate = 0xFFFE;
r #endif
/* mpu_set sensors alvays preserves this setting. */|
st.chip_cfg.clk_src = INV_CLK_FLL;
/# Handled in ne 11 to mpu set bypass. */
st.chip .active_low_int
st.chip_cfg.latched int
st.chip_ .int_motion only
= st.chip_cfg.lp_accel_mode = 0;
Alt-F7 memset (&3t.chip .cache, sizeof (st.chip cfg.cache));
, st.chip_cfg.dmp_on
st.chip_cfg.dmp loaded = 07
5] at.chip_: .dmp_sample rate =
Cirl+F7 if (mpu_set_gyro_£sr(2000))
return -1;
if (mpu_set_accel fsr(2))
return
F8 if (mpu_set_lp£(42))
return -1;
Crl+Break if (mpu_set_sample_rate(50))
return :
Cir+D |~ if (mpu_configure fifo(0))
« o . -
Ctrl+R
Ctrl+Shift+R

ﬂ STM32L_MD6 - IAR Embedded Workbench IDE
File Edit View Tools Window Help
=a=g= Add Files...
Workspace Add Group...
STM32L Import File List...
Files Add Project Connection...
= Project - Edit Configurations...
= (0 CMEIS
FaCacore Remoye
_‘_T‘_[-g'[_d;f"‘;i Create New Project...
| — Add Existing Project...
| Options...
| — Version Control System
|
| L— Make
[Ting .
Compile
—@Cst Rebuild All
- C1emPL e
& Cmillits Clean
L@ Cmpl Batch build...
= (1 0oc
I EWWARK Stop Build
|-E 7 Periphe
M 7 SteParir Download and Debug
rPrniecl Debug without Downloading
x——— Make & Restart Debugger
Messages Restart Debugger
Download
SFR Setup
Open Device Description File
List All Registers to File...
=
S| i
Clean and make the active project

Errors 0, Warnings 0

Ln 750, Col 57 System NUM

With the hardware connected, hit the ‘Download and Debug’

ICON

& STM32L_MD - IAR Embedded Workbench IDE

(=S =

File Edit View Project Tools Window Help
DT S @ | \ - o5 VR & | D
Workspace Download and Debug uetint_pan » X
STM32L-DISCOVERY -4 RAKE9xx_SECONDRRY =
Files £ooBg ~ | "En;E.chipic:'g‘ccmpassisampleira:e = OxFFFEr
B {J Project - STM32L-DISCOVERY v /*+ mpu_set sensors alvays preserves this setting. #/
FaCIcMsIs st.chip_cfg.clk_src = INV_CLK_FLL;
=1 core /* Handled in next call to mpu set_bypass. */
& Cd driver st.chip_cfg.active low_int

.chip_cfg.int_motion_only
.chip cfg.lp accel mode
memset (sst.chip cfg.cache, 0, s

(i

izeof (st.chip cfg.cache)):

Build

< n

st.chip_cfg.dmp_on = 0
imv_mpu_dmp_motion_driver c st.chip_cfg.dmp_loaded =
\ inv_mpu_drmp_motion_driver.h St.chip cfg.dup sample rate
& Clinclude i = guro far(2000
L [(1stm32l 1 (TP ses quro fer(zonen)
@ CletPL-hal if (mpu_set_accel far(2))
= Camilite retarn —1:
@ Campl if (mpu_set_lpf(42))
= 0oc return -1;
@ (3 EwARM if (mpu_set_sample_rate(50))
= CJPeripherals
L T StdPerinh_Driver =
[ Project . b
Messages

Download the application and start the debugger

Errors 0, Warnings 0

Ln 755, Col 37 System NUM
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5 Setting up the UARTSs

e Connect Data and Command UART to PC

e Let UART enumerate and note COM port numbers

e Open up TeraTerm or similar serial terminal application. The serial port setup should be this
o Baud rate : 912600
o Data: 8 bit
o Parity : None
o Stop: 1 bit
o Flow Control : None

e If everything is good, when you reset the ST Discovery Board you should see this message on
the Data UART output

‘. COMA41 - Tera Term VT e ol )

File Edit Setup Control Window Help
gelcome on STHM32F487 hoard H

1" »

e If you enter ‘h’ on the Data UART you will get a list of possible input commands

. COM41 - Tera Term VT e 5

File Edit Setup Control Window Help

Welcome on STM32F487 boawd 111
» Gommand =

" »

to toggle ACCEL output...

to toggle Gyro output..

to toggle

to toggle

to toggle Step Detector output. femaea
to toggle SMD Significant Motion output...
to toggle

to toggle

to toggle

to toggle Tilt output...

to toggle Flip Pickup output. ..

to toggle Game Rotation Vector ouw

to toggle Rotation Uector output.

to toggle GeoMag Uector output...

to toggle Linear Acceleration output
to toggle Gravity output...

to Orientati t

to i

to

to

to set

to set

to set

to set

to set

to set

to set

to set

to set

to toggle Cube Rotation Uector output.
to toggle Cube GeoMAG Uector output

to toggle Cube Game Rotation Uector output..._

TR SRR HITQA AN Qe
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e You can then enter different commands into the DATA UART to get the data you want

¢ If you enter command ‘Q’, ‘@’, and ‘q’...these commands will output quaternion through the
Command UART which customers can use the python cube.

6 Python Client

A python client is included with the release package to test the performance of the quaternions generated by
the Invensense driver. The client can be found in the release package under the directory

.\pyConsoleScipts-rolldice\

The python client takes in quaternions through the Data UART and rotates the 3D cube model according to

how the ICM20X48 moves. To use the pycube you would need to install Python, pyserial, and pygame for
the python script to execute.

e 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.shtmi

For your convenience we downloaded the required executables and also install instructions in
the folder

..\ pycube_install\

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

24 Device Manager (E=0E=E )

File Action View Help
e ARealNERN 7 Nol AN N

¢4y DVD/CD-ROM drives -
- &% Human Interface Devices

=, Imaging devices

2 Jungo

== Keyboards
- I*| Mice and other pointing devices
» B Monitors
» - Network adapters
|5 Other devices
[l Bluetooth Peripheral Device
- Bluetooth Peripheral Device
-Un Broadcom USH
i Mass Storage Controller
I Unknown device
4 Y5 Ports (COM & LPT)
T3" ECP Printer Port (LPTL)
!5 Embedded MotienApps (CDC) (COMS3)
Y7 Prolific USB-to-Serial Comm Port (COM4S)
Y5 Standard Serial over Bluetooth link (COM46)
T3" Standard Serial over Bluetooth link (COMEE)
T3" Standard Serial over Bluetooth link (COMES)
Y5 standard Serial over Bluetooth link (COMG3)
T Standard Serial over Bluetooth link (COMT0)
Y7 Standard Serial over Bluetooth link (COMT1)
13" Standard Serial over Bluetooth link (COMT3)
T4 Processors 2

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 motion-driver-client.py<COM PORT NUMBER>

o A window will appear that displays a 3D Cube which corresponds with the quaternion angles
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outputted from the device.

# | pygame window E\ [=] @

7 eMD 20X48 Features Overview
The feature menu for ICM20648/20698 is as follows:

e Press 'a'to toggle ACCEL output....................
o Outputs calibrated accel data in m/s"2
e Press'g'to toggle Gyro output.....................
o Outputs calibrated gyro data in radians
e Press'G'to toggle Raw Gyro output.................
o Outputs non-calibrated gyro data (raw) in radians
e Press 'p'to toggle Step Counter output.............

o Prints out a pedometer step count. When enable for first time after power on, requires 8
continuous steps registered before outputting

e Press'd to toggle Step Detector output............
o Prints “Step Detected>>>>>>" is a step motion is triggered
e Press'm'to toggle SMD Significant Motion output...
o Prints “>> SMD Interrupt ******++*” if 3 significant motion of the device is detected
e Press 'c' to toggle Compass output..................
o Outputs calibrated compass data (if applicable) in Tesla units
e Press 'C'to toggle Raw Compass output..............

o Outputs non-calibrated compass data along with compass calculated biases
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e Press 'b' to toggle Basic Activity Classifier (BAC) output...
o Detect the following activities and prints it to the output

= Standing, walking, running, biking and drive

o Activity detection can be more accurate if configured to be a wearable device (on wrist) or

mobile (in hand) ... see section 4.4 Setup on how to do this

e Press 'T'to toggle Tilt output...

o Outputs when a tilt is detected and when a tile detection ends

e Press 'F' to toggle Flip Pickup output...
o Detects and outputs a flip or a pickup motion

e Press 'r' to toggle Game Rotation Vector output.....

o Outputs 6-axis quaternions based on accel and gyro to the Command UART

e Press 'R'to toggle Rotation Vector output..........

o Outputs 9-axis quaternions based on accel, gyro, and compass to the Command UART

e Press 'e' to toggle GeoMag Vector output............

o Outputs 6-axis quaternions based on accel and compass to the Command UART

e PressI' to toggle Linear Acceleration output............

o Outputs device linear acceleration (acceleration minus gravity) in m/s"2

e Press'v' to toggle Gravity output............

o Outputs on which accel axis the gravity is affecting the device in m/s"2

e Press '0' to toggle Orientation output............
o Outputs Euler angles

e Press k' to get the DMP Biases.................

o Prints out the accel and gyro most recent biases calculated from the DMP

e Press't'to invoke Self test..........coeeeeee...

o Invokes a test on the sensors to determine if MEMS hardware is still functioning correctly.
The Self Test is mainly for production line testing to determine before final assembly if

sensors are still working. The self test will

= Give a “PASS” or “FAIL” on accel, gyro, and compass of the self test

= Executes a factory calibration of the accel and gyro and apply the biases to the

sensor registers
e Press'0'toset ODR @ 1Hz........ccovvvvvvennnnnen.
e Press'l'toset ODR @ 5Hz......ccoeevvvvvennennns
e Press2'to set ODR @ 15Hz.......ccccovvvvenennn...
e Press'3'toset ODR @ 30Hz........c..cvvvvnneene.
e Press'4'toset ODR @ 51Hz.......cccuvevvvennnnenn.
e Press'5'to set ODR @ 56Hz.........ccccevvevee...
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Press '6' to set ODR @ 60Hz.............ccccc....e.
Press '7'to set ODR @ 102Hz...........ccccceenneee.
Press '8'to set ODR @ 112Hz...........cccvveenee.
Press '9'to set ODR @ 225Hz............ccoeeenee.
o Commands 0-9 sets the ODR (Output Data Rate) to be the selected frequency
Press 'Q' to toggle Cube Rotation Vector output........
Press '@' to toggle Cube GeoMAG Vector output..........
Press 'q' to toggle Cube Game Rotation Vector output...

o Commands ‘Q, ‘@, ‘q" are commands which outputs the quaternions to the DATA UART.
This is mainly for the pycube or other applications to use.
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