





Tracking Motion is a Complex Science!
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Application specific SW stacks

Hide complex math; deliver customer tangible
functionality

 Enable customers to focus on product
differentiation

e Ease of integration

* App specific required performance
— Accuracy, Power consumption, Data rate, Latency

« SW can run on one or combination of platforms
— IC, device, mobile, cloud

InvenSense Developers Conference 2016
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HMD/VR



INVN Inside HMD/VR

Microsoft HoloLens Oculus/Facebook HTC Vive

m

Key sensor Requirements

» Good sensor, cal and fusion performance
» High date rate
 Low latency

InvenSense




20603 in HMD

Mag
(optional)

|

Camera : Head
(R) [ Display } [ phones
INVN 1Khz
Sensor Fusion

MCU/AP

12C/SPI 12C I

Proximity
Sensor

12C
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20603 Key Features

Sensor Specs 1KHz Sensor Fusion Library
* Gyroscope FSR: £2000dps
» Accelerometer FSR: £16g
» 1 KHz gyro/accel/fusion output Performance Relative Heading Error Static - <1 Degree
« VDD: 1.71Vto 3.45V Targets* Relative Heading Error Dynamic - <3 Degree
«  FIFO: 1Kbytes Pitch/Roll Error (6-axis) Static — <1 Degree
«  SPI: 10MHz SPI Pitch/Roll Error (6-axis) Dynamic — <2.3 Degree
e 12C: 400kHz (Host Interface)
« AUXI2C: Not Supported * Uniform Magnetic Field; Ambient Temp; Factory Cal assumed to be done

* INTpins: 1

Full Release Algo: 15KB Rawi/Cal Accel
Driver 20603: 6.5KB Raw/Cal Gyro
Driver AKM09911: 7.5KB Raw/Cal Mag
+Framework Overhead GRV
+Virtual Sensor RV

Lite Release Algo: 15KB Raw/Cal Accel
Driver 20603: 6.5KB Raw/Cal Gyro

GRV

*Adding Mag manually will
enable RV & Mag Cal

8 InvenSense



HMD — Aecelerometer / Mag Bias

calibration

To calibrate accelerometer offset,

we need:
- Diversity on Pitch and Roll
- Hold on each position for 1-2 sec

To get the best calibration:
faster time and smaller error

1. With higher angles on Pitch and Roll

[Yaw, Pitch, Roll] [0,0,45] [0, 0,-45] [0, -45,0]

I

2. Diverse angles combination

Yaw: rotation around z

BRI

' InvenSense
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Results —big Initial biases (~100mg)

High Variation first last Max Mean Low Variation |Error of first|Error of last | Max Mean

. estimate |estimat |Absolute [Absolut estimated |estimated |[Absolute |Absolut

(in hand) d bias [ . (on head) ) .
g] |ed bias |Error [g] |Error[g] bias [g] bias [g] Error [g] |Error [g]
Sessionl_Run2_C3 0.005 0.003 0.005 0.002 Sessionl_Run2_C3 0.004 0.005 0.014 0.005
Sessionl_Run3_C3 0.006 0.003 0.006 0.001 Sessionl_Run3_C3 0.003 0.005 0.006 0.002
Sessionl_Run4_C3 0.005 0.006 0.006 0.004 Sessionl_Run4_C3 0.012 0.007 0.012 0.004
Sessionl_Run5_C3 0.005 0.005 0.006 0.003 Sessionl_Run5_C3 0.010 0.016 0.016 0.006
Sessionl_Run6_C3 0.006 0.004 0.007 0.002 Sessionl_Run6_C3 0.006 0.015 0.017 0.005
Session2_Runl_C4 0.004 0.003 0.004 0.002 Session2_Runl_C4 0.007 0.014 0.015 0.005
Session2_Run2_C4 0.001 0.003 0.003 0.002 Session2_Run2_C4 0.017 0.006 0.022 0.003
Session3_Runl_C3 0.002 0.001 0.002 0.001 Session2_Run3_C4 0.038 0.009 0.038 0.004
Session3_Run2_C3 0.003 0.001 0.004 0.001 Session2_Run4_C4 0.012 0.004 0.016 0.003

Error of first Error of last Max Mean

Use case |estimated bias |estimated bias |Absolute |Absolut

Average [g] g] Error [g]  |Error [g]

In hand 0.004 0.003 0.005 0.002

On Head 0.011 0.009 0.016 0.004
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home_high_diversity

		High Variation (in hand)		Err bias start [g]		Err bias end [g]		Err_bias_max [g]		Err_bias_mean [g]

		Session1_Run2_C3		0.004		0.004		0.005		0.002

		Session1_Run3_C3		0.004		0.006		0.006		0.003

		Session1_Run4_C3		0.006		0.003		0.006		0.002

		Session1_Run5_C3		0.002		0.003		0.005		0.002

		Session1_Run6_C3		0.003		0.003		0.003		0.001

		Session2_Run1_C4		0.001		0.002		0.002		0.001

		Session2_Run2_C4		0.001		0.001		0.001		0.001

		Session3_Run1_C3		0.001		0.001		0.004		0.001

		Session3_Run2_C3		0.003		0.002		0.003		0.002





home_low_diversity

		Low Variation (on head)		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]

		Session1_Run2_C3		0.004		0.005		0.014		0.005

		Session1_Run3_C3		0.003		0.005		0.006		0.002

		Session1_Run4_C3		0.012		0.007		0.012		0.004

		Session1_Run5_C3		0.010		0.016		0.016		0.006

		Session1_Run6_C3		0.006		0.015		0.017		0.005

		Session2_Run1_C4		0.007		0.014		0.015		0.005

		Session2_Run2_C4		0.017		0.006		0.022		0.003

		Session2_Run3_C4		0.038		0.009		0.038		0.004

		Session2_Run4_C4		0.012		0.004		0.016		0.003

				0.001		0.006		0.007		0.003





Average

		Use case		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]		Success rate

		In hand		0.003		0.003		0.004		0.002		100

		On Head		0.011		0.008		0.013		0.004		100





Sum

				Err bias start [g]		Err bias end [g]		Err_bias_max [g]		Err_bias_mean [g]		Success rate

		home_high_diversity		0.0262019408		0.0256357646		0.0345743717		0.0149347756		100

		home_low_diversity		0.0962713796		0.0676188232		0.1201907462		0.0346863409		100






home_high_diversity

		High Variation (in hand)		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]

		Session1_Run2_C3		0.005		0.003		0.005		0.002

		Session1_Run3_C3		0.006		0.003		0.006		0.001

		Session1_Run4_C3		0.005		0.006		0.006		0.004

		Session1_Run5_C3		0.005		0.005		0.006		0.003

		Session1_Run6_C3		0.006		0.004		0.007		0.002

		Session2_Run1_C4		0.004		0.003		0.004		0.002

		Session2_Run2_C4		0.001		0.003		0.003		0.002

		Session3_Run1_C3		0.002		0.001		0.002		0.001

		Session3_Run2_C3		0.003		0.001		0.004		0.001

				0.004		0.003		0.004		0.001





home_low_diversity

		Low Variation (on head)		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]

		Session1_Run2_C3		0.012		0.009		0.012		0.005

		Session1_Run3_C3		0.003		0.007		0.008		0.003

		Session1_Run4_C3		0.004		0.010		0.010		0.003

		Session1_Run5_C3		0.004		0.005		0.009		0.003

		Session1_Run6_C3		0.004		0.006		0.007		0.004

		Session2_Run1_C4		0.023		0.003		0.023		0.004

		Session2_Run2_C4		0.028		0.010		0.028		0.006

		Session2_Run3_C4		0.009		0.004		0.009		0.002

		Session2_Run4_C4		0.008		0.014		0.014		0.004





Average

		Use case		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]		Success rate

		In hand		0.003		0.003		0.004		0.002		100

		On Head		0.011		0.008		0.013		0.004		100





Sum

				Err bias start [g]		Err bias end [g]		Err_bias_max [g]		Err_bias_mean [g]		Success rate

		home_high_diversity		0.0262019408		0.0256357646		0.0345743717		0.0149347756		100

		home_low_diversity		0.0962713796		0.0676188232		0.1201907462		0.0346863409		100






home_high_diversity

		High Variation (in hand)		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]

		Session1_Run2_C3		0.004		0.004		0.005		0.002

		Session1_Run3_C3		0.004		0.006		0.006		0.003

		Session1_Run4_C3		0.006		0.003		0.006		0.002

		Session1_Run5_C3		0.002		0.003		0.005		0.002

		Session1_Run6_C3		0.003		0.003		0.003		0.001

		Session2_Run1_C4		0.001		0.002		0.002		0.001

		Session2_Run2_C4		0.001		0.001		0.001		0.001

		Session3_Run1_C3		0.001		0.001		0.004		0.001

		Session3_Run2_C3		0.003		0.002		0.003		0.002





home_low_diversity

		Low Variation (on head)		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]

		Session1_Run2_C3		0.012		0.009		0.012		0.005

		Session1_Run3_C3		0.003		0.007		0.008		0.003

		Session1_Run4_C3		0.004		0.010		0.010		0.003

		Session1_Run5_C3		0.004		0.005		0.009		0.003

		Session1_Run6_C3		0.004		0.006		0.007		0.004

		Session2_Run1_C4		0.023		0.003		0.023		0.004

		Session2_Run2_C4		0.028		0.010		0.028		0.006

		Session2_Run3_C4		0.009		0.004		0.009		0.002

		Session2_Run4_C4		0.008		0.014		0.014		0.004





Average

		Use case		Error of first estimated bias [g]		Error of last estimated bias [g]		Max Absolute Error [g]		Mean Absolut Error [g]		Success rate

		In hand		0.004		0.003		0.005		0.002		100

		On Head		0.011		0.009		0.016		0.004		100





Sum

				Err bias start [g]		Err bias end [g]		Err_bias_max [g]		Err_bias_mean [g]		Success rate

		home_high_diversity		0.0262019408		0.0256357646		0.0345743717		0.0149347756		100

		home_low_diversity		0.0962713796		0.0676188232		0.1201907462		0.0346863409		100






Results - convergence
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Compass:icalibration — Uniform mag

fleld

High Variation Error of first |Error of last [Max Mean Low Variation Error of first |Error of last [Max Mean
. estimated estimated |Absolute |Absolut estimated [estimated |Absolute |Absolut
(m hand) bias [uT] bias [uT] Error [uT] |[Error [uT] (on head) bias [uT] bias [uT] Error [uT] |Error [uT]
Sessionl_Runl_C3 1.0 0.3 1.0 0.2 Session1l_Runl_C3 4.3 3.1 49 1.7
Sessionl_Run2_C3 2.1 1.0 2.1 0.5 Sessionl_Run2_C3 2.1 2.4 2.8 1.4
Session1l_Run3_C3 1.3 2.1 2.1 0.8 Session1l_Run3_C3 1.0 1.7 1.8 0.8
Sessionl_Run4_C3 1.6 1.3 1.9 0.8 Sessionl_Run4_C3 4.2 2.6 4.2 1.8
Sessionl_Run5_C3 0.7 1.0 1.2 0.7 Session1l_Run5_C3 3.4 1.4 3.4 1.3
Session1l_Run6_C3 2.2 0.3 2.2 0.5 Sessionl_Run6_C3 1.3 1.1 2.3 0.8
Session2_Runl_C4 2.7 0.2 2.7 0.3 Session2_Runl_C4 2.2 2.6 2.7 1.1
Session2_Run2_C4 14 0.6 1.5 0.2 Session2_Run2_C4 2.2 2.3 3.4 1.1
Session3_Runl_C3 0.8 0.1 0.8 0.2 Session2_Run3_C4 5.3 2.8 5.7 1.1
Session3_Run2_C3 0.3 0.1 0.7 0.2 Session2_Run4_C4 3.4 1.8 3.4 1.3
Error of first |Error of last |[Max Mean
Avera ge estimated bias |estimated Absolute |Absolut Error
[uT] bias [uT] Error [uT] [[uT]
Low Variation 2.9 2.2 3.5 1.2
High Variation 14 0.7 16 0.5

InvenSense
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home_low_diversity

		Low Variation (on head)		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]

		Session1_Run1_C3		4.3		3.1		4.9		1.7

		Session1_Run2_C3		2.1		2.4		2.8		1.4

		Session1_Run3_C3		1.0		1.7		1.8		0.8

		Session1_Run4_C3		4.2		2.6		4.2		1.8

		Session1_Run5_C3		3.4		1.4		3.4		1.3

		Session1_Run6_C3		1.3		1.1		2.3		0.8

		Session2_Run1_C4		2.2		2.6		2.7		1.1

		Session2_Run2_C4		2.2		2.3		3.4		1.1

		Session2_Run3_C4		5.3		2.8		5.7		1.1

		Session2_Run4_C4		3.4		1.8		3.4		1.3





home_high_diversity

		High Variation (in hand)		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]

		Session1_Run1_C3		1.0		0.3		1.0		0.2

		Session1_Run2_C3		2.1		1.0		2.1		0.5

		Session1_Run3_C3		1.3		2.1		2.1		0.8

		Session1_Run4_C3		1.6		1.3		1.9		0.8

		Session1_Run5_C3		0.7		1.0		1.2		0.7

		Session1_Run6_C3		2.2		0.3		2.2		0.5

		Session2_Run1_C4		2.7		0.2		2.7		0.3

		Session2_Run2_C4		1.4		0.6		1.5		0.2

		Session3_Run1_C3		0.8		0.1		0.8		0.2

		Session3_Run2_C3		0.3		0.1		0.7		0.2





Average

		Average		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]		Success rate

		low_diversity		2.9		2.2		3.5		1.2		100

		high_diversity		1.4		0.7		1.6		0.5		100





Sum

				Err bias start [uT]		Err bias end [uT]		Err_bias_max [uT]		Err_bias_mean [uT]		Success rate

		home_low_diversity		29.438873439		21.805654695		34.579692199		12.3575112197		100

		home_high_diversity		14.116601561		7.004196869		16.18092969		4.5931395937		100






home_low_diversity

		Low Variation (on head)		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]

		Session1_Run1_C3		4.3		3.1		4.9		1.7

		Session1_Run2_C3		2.1		2.4		2.8		1.4

		Session1_Run3_C3		1.0		1.7		1.8		0.8

		Session1_Run4_C3		4.2		2.6		4.2		1.8

		Session1_Run5_C3		3.4		1.4		3.4		1.3

		Session1_Run6_C3		1.3		1.1		2.3		0.8

		Session2_Run1_C4		2.2		2.6		2.7		1.1

		Session2_Run2_C4		2.2		2.3		3.4		1.1

		Session2_Run3_C4		5.3		2.8		5.7		1.1

		Session2_Run4_C4		3.4		1.8		3.4		1.3





home_high_diversity

		High Variation (in hand)		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]

		Session1_Run1_C3		1.0		0.3		1.0		0.2

		Session1_Run2_C3		2.1		1.0		2.1		0.5

		Session1_Run3_C3		1.3		2.1		2.1		0.8

		Session1_Run4_C3		1.6		1.3		1.9		0.8

		Session1_Run5_C3		0.7		1.0		1.2		0.7

		Session1_Run6_C3		2.2		0.3		2.2		0.5

		Session2_Run1_C4		2.7		0.2		2.7		0.3

		Session2_Run2_C4		1.4		0.6		1.5		0.2

		Session3_Run1_C3		0.8		0.1		0.8		0.2

		Session3_Run2_C3		0.3		0.1		0.7		0.2





Average

		Average		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]		Success rate

		low_diversity		2.9		2.2		3.5		1.2		100

		high_diversity		1.4		0.7		1.6		0.5		100





Sum

				Err bias start [uT]		Err bias end [uT]		Err_bias_max [uT]		Err_bias_mean [uT]		Success rate

		home_low_diversity		29.438873439		21.805654695		34.579692199		12.3575112197		100

		home_high_diversity		14.116601561		7.004196869		16.18092969		4.5931395937		100






home_low_diversity

		Low Variation (on head)		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]

		Session1_Run1_C3		4.3		3.1		4.9		1.7

		Session1_Run2_C3		2.1		2.4		2.8		1.4

		Session1_Run3_C3		1.0		1.7		1.8		0.8

		Session1_Run4_C3		4.2		2.6		4.2		1.8

		Session1_Run5_C3		3.4		1.4		3.4		1.3

		Session1_Run6_C3		1.3		1.1		2.3		0.8

		Session2_Run1_C4		2.2		2.6		2.7		1.1

		Session2_Run2_C4		2.2		2.3		3.4		1.1

		Session2_Run3_C4		5.3		2.8		5.7		1.1

		Session2_Run4_C4		3.4		1.8		3.4		1.3





home_high_diversity

		High Variation (in hand)		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]

		Session1_Run1_C3		1.0		0.3		1.0		0.2

		Session1_Run2_C3		2.1		1.0		2.1		0.5

		Session1_Run3_C3		1.3		2.1		2.1		0.8

		Session1_Run4_C3		1.6		1.3		1.9		0.8

		Session1_Run5_C3		0.7		1.0		1.2		0.7

		Session1_Run6_C3		2.2		0.3		2.2		0.5

		Session2_Run1_C4		2.7		0.2		2.7		0.3

		Session2_Run2_C4		1.4		0.6		1.5		0.2

		Session3_Run1_C3		0.8		0.1		0.8		0.2

		Session3_Run2_C3		0.3		0.1		0.7		0.2





Average

		Average		Error of first estimated bias [uT]		Error of last estimated bias [uT]		Max Absolute Error [uT]		Mean Absolut Error [uT]		Success rate

		Low Variation		2.9		2.2		3.5		1.2		100

		High Variation		1.4		0.7		1.6		0.5		100





Sum

				Err bias start [uT]		Err bias end [uT]		Err_bias_max [uT]		Err_bias_mean [uT]		Success rate

		home_low_diversity		29.438873439		21.805654695		34.579692199		12.3575112197		100

		home_high_diversity		14.116601561		7.004196869		16.18092969		4.5931395937		100






Predictive _
quaternion Time Warp
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Motion to Photon Latency
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v

 Motion to photon Latency: [2] Difference in person’s expectation to what is displayed
» Issue: Disorientation and nausea attributing to motion sickness
e Solutions:
« Lower latency in Motion detection & Sensor fusion
Predictive quaternion
Higher frame rate (Faster rendering)
OLED display for faster refresh rate

Predictive quaternion — available as SW update with 20603 in Dec
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http://archive.is/DyKMS#selection-1045.0-1045.477
http://archive.is/DyKMS#selection-1045.0-1045.477
http://www.chioka.in/what-is-motion-to-photon-latency/

Easy SWintegration with libIDD

e libIDD (InvenSense Device Driver library)

— collection of drivers for InvenSense devices, used on eMD
platforms and more

— unified/abstract APIs to control/retrieve data from InvenSense
devices (like SoC, smart/DMP sensors, dumb sensors, etc.),
Including 3063x/20603

— customers/developers can port libIDD example code from our
ST-Nucleo reference platform into target system seamlessly

Applications ST-Nucleo Customer
Reference code Platform
libIDD interface
libIDD libIDD ICM363x libIDD ICM30670 libIDD ICM20603
1
v v v
Devices ICM30631 ICM30631 ICM20603
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Wearable Sensor Platform

System Solutions




Power optimized self contained solutions
SW stack runs on Device
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ICM-30631/32

Smart Watch/
Fitness Tracker

e Complete SW Stack “out of the box”
— Customer uses baseline features from INVN

— Customer focus their SW resources on
Differentiated Features of their product

Display ‘

BLE
GPS
e Power
— ICM-30631
e BAC-172uA
* Integration MCU or AP Touch
— Sensor, MCU and SW from one Vendor

e Sensor Framework

e Steps, Activity, Stairs
« HRM, HRV, Sleep

e Sensor Fusion

InvenSense
ICM-30631 a
Pressure } Mag }

InvenSense




30631/32 Feature Set

Category SW Feature ICM- ICM-
30631 30632
Accelerometer Yes Yes
Gyro Yes Yes
Hardware | Pressure (BMP280) Yes No
Sensor Mag (AKM09911) No Yes
Proximity (CM36671) No Yes
PPG (PAH8001/2, ADPD174, PPS960) Yes No
Walk,Run, Bike,Still, (Pedometer) Yes Yes
Walk/Run Step Counter Yes Yes
Walk/Run Time Accrual Yes Yes
Stand/Sit Time Accrual Yes Yes
Fitness/ Sedentary Reminder Yes Yes
Wellness HRM Motion Correction Yes No
Feature Heart Rate Variation (HRV)
Sleep Analysis (Manual Entry) Yes Yes
Calorie Counter (Activity) Yes Yes
Distance (walk/run) Yes Yes
Floor Climbed Counter (& BMP280) Yes No
Shake Yes Yes
Gestures DoubleTap (with B2S first) Yes Yes
B2S Yes Yes
Android Android Fusion: Gravity, Linear Accel, Orientati | GRV only Yes

Sensors on (RV, GRV, GEOMAG)

No = Not Supported
Yes = Part of Default 3063x Image

InvenSen:;::




30632-4.1.0 Feature accuracy

Features Metric 4.1.0 Typ Performances
Pedometer (Normal Continuous Walk/Run) Absolute Error Walk: 5%
Run: 6 %
Distance (Requires User height Input) Absolute Error Walk: <10%
Run: <15%
Still: 79 %
BAC Detection rate Walk: 93 %
Run: 83 %
Bike: 92 %
Sit/Stand (+BAC) Detection rate Sit: 82 %

Stand: 89 %
sedentary position: 85 %

Bring To See Detection rate . .

& walking/running: 75 %
Shake , o . Detection rate sedentary position: 90 %
two half-rotations of the wrist in Look at screen position

. sedentary position: 85 %
Double Tap Detection rate yP >

in Look at Screen position walking/running: 80 %

InvenSense Inc. Company Confidential InvenSense
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PPG Motlon Correction Solution i fleuRoRois

=1 I'rIine
rvi VL

PPG Sensors Supported

s 108 :::t Log ID ==>INVNHRM-AN‘D-BLE-HRM-MDAZEH5023305-Kal"thik-HRM | :
V‘-WWW\«MV‘WW Vo MAA A A i
15 W | | | | | -
s fsed] 800 1000 1200
i Stationary 5km/h 9km/h 3km/h 7km/h Stationary PAHS8001
g ! ! ! ' e e R PAH8002
8, \ | \ \ | \
200 400 ﬁElDTimE o] 800 1000 1200 @pa rt ran
PPS960
- N T lb: 1 (includes AFE4404)
“ 1000 i % nas el Bk d™ &V o i # f
‘ " -
Time [sec] ANALOG
L DEVICES
i —= - ADPD174
EE“ ) ‘ | ‘ ‘ —6—ECGref £| |
200 400 ﬁDD‘Hme ed] 800 1000 1200
HRM Algo MIPS Size HRM Tracking Performance [bpm 10]
Code | Data Stationary Walking Running
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« HRM engine bpm performance summary
— Results based on 118 data logs known to have good PPG signal

quality
Test Definitions Mean Absolute Standard Deviation (o) Percent of Values
Error (MAE) [bpm] of Residuals [bpm] within £10bpm [%]
Android | InvenSense Android InvenSense | Android | InvenSense
Specs Specs Specs
Sedentary Heart Rate <5.00 2 <8.00 4.5 > 90 97.2
Indoor Walking <5.00 3.4 < 8.00 6.1 > 85 92.9
Running <7.50 4.1 <8.00 7.4 > 80 90.8
Biking <7.50 TBD <8.00 TBD > 80 TBD
Elliptical N/A 2.6 N/A 5.2 N/A 95.1
Combined N/A 3.8 N/A 5.2 N/A 91.9

* Working on Biking Database

InvenSense Inc. Company Confidential InvenSense




SW Feature Evaluation Platform:

MIO Msport Band

 Msport MIO Band
— Evaluate all features of 3063x
— Collect Sensor Data Logs

.Running
‘ Bl Walking — Contact CPM for unit

Still stand

o e

Jﬁ' Realtime-Fit

Still sit

. Biking
Transport sit
Transport stand

70 bpm
+0 -0 floor

(- X

Still stand

:

CHARGER

/ ‘
CRADDLE

" InvenSense



Easy SWintegration with libIDD

e libIDD (InvenSense Device Driver library)

— collection of drivers for InvenSense devices, used on eMD
platforms and more

— unified/abstract APIs to control/retrieve data from InvenSense
devices (like SoC, smart/DMP sensors, dumb sensors, etc.),
Including 3063x/20603

— customers/developers can port libIDD example code from our
ST-Nucleo reference platform into target system seamlessly

Applications ST-Nucleo Customer
Reference code Platform
libIDD interface
libIDD libIDD ICM363x libIDD ICM30670 libIDD ICM20603
1
v v v
Devices ICM30631 ICM30631 ICM20603

InvenSense Inc. Company Confidential InvenSense



Evaluation Platforms

e SDK Platform for Field Eval * Nucleo Platform for Field Eval

— Hostis emulated on a PC —
— SW Integration/Bring-up

— Basic feature checkout/evaluation
(not requiring form-factor).
— Data Logging
— Sensor debug/integration
* Mag
* Prox
* Pressure
* PPG

— Power Measurements

VDD & 3v3 connection is required to supply to the Level Shifter

Same as SDK, plus the
capability to verify/integrate
LibIDD functionality on a
commonly used MCU

e Hostis the MCU
Host functions on a MCU

InvenSense Inc. Company Confidential InvenSense
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GPS is a'Wearable Battery Killer

Problem 1. GPS usage kills battery life

Fitbit Surge: Apple Watch 2:

- 7 day Battery life on - 10 hour battery life in
standby “ . workout mode without GPS
- 5hr GPS Battery life - 5 hour battery life in

workout mode with GPS

Android Fitness Apps
- 4-6hr Battery Life w/
GPS

Many early smartwatches didn’t include GPS due to power drain
Users not happy with this easy solution due to accuracy sacrifice

Better Solution: Use less GPS

* Duty cycle GPS and bridge outages with sensors
— Distance, speed and trajectory using less GPS
— Minimize time using GPS, thus minimize battery drain

' InvenSense



Accuracy: GPS or Sensors?

Problem 2: poor accuracy on wearables

accuracy,
accumulate at

e Sensors drift over time

outdoor walking
using the Workout

e GPS not accurate enough on wearables

Cancel

— Small antenna
— Attenuation from body
— Arm swinging

Reference
GPS from Gear S2

Ry

Solutioﬁ: ombin GS + Sensors

— Improves accuracy of multipath GPS by filtering
— GPS can correct PDR sensor drift or offset errors (e.g. position drifts, stride length bias)

InvenSense




GNSS Duty Cycling Concept

Power Savings
Using 25% of GNSS
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Sensing
Everything

| Position Performance:

Distance: same as GNSS
Horizontal: 3-4 m

InvenSense



Sensing
Everything

Coursa Sports VS Strava VS Reference
%, e : :_J T b [ Reference

Strava
Coursa Sports

Conclusion
Coursa Sports can deliver the same
accuracy as Strava (who uses 100% GPS)
but with only 25% GPS

Reference
s COUrsa Sports e

N
L
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Apple Watch 2 Benchmark

 Apple Watch 2 released in September 2016
— Focus is on fitness tracking
— Walk, run, bike, swim

« Apple Watch 2 validates Coursa Sports use case
— Speed/pace & distance provided in real-time

— Route provided after finishing an exercise session and only
displayed on the iPhone

* Apple Watch 2 sets Performance Bar for Android/Others
— Quality GPS implementation on a watch
— Distance & route accuracy

Outdoor Walk
b= |

.t W AT CH 2 . Outdoor Cycle
AN :

b

Outdoor Run

Indoor Walk

' InvenSense



Example 1: Coursa Sports Performance  sensing the
' =1 r'’rrimsre
. Mode vs Strava in Open Sky FUTURE

 Below example shows ‘Performance Mode’ of operation on
a Moto 360 watch
GNSS on all the time for Strava in blue and Coursa Sports in red

Coursa Sports route is more accurate than GNSS on all the time,
even in open sky when GNSS is performing at its best

Strava distance travelled error = 7.9%
Coursa Sports distance travelled error = 2.2%

Strava with GNSS on all the time Coursa Sports

"‘""""_1’."?-,,..._ g [ wf,"_’»..,-.. q

]mmu;N 1 s > _

|l|[|ll|@ B[ 0 1 | S (8
I | LT
ol F HE ' : ummg% 1
=5mw? | | TR =N%
- i _ v B
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Distance Benchmark Set‘ by Apple EL?QLS,’.’ERT*}E?

» Accuracy benchmarking of Coursa Sports performed using several Android devices

Average Distance Errors w.r.t.
Distance Travelled
Apple Watch 2

GPS on all the time, similar to Coursa Sports
Performance Mode

Coursa Sports Performance on Android 4%
(GPS on all the time)

Coursa Sports Balanced on Android (50% 5%
duty cycle)

Coursa Sports Low Power on Android 7%
(25% duty cycle)

32 InvenSense Developers Conference 2016 InvenSense




Power Comparison

* Apple Watch 2 can be used in workout mode for 5
hours with GPS ON and 10 hours with GPS OFF

— 273 mAh battery
— 27 mA/hour extra burn with GPS on

Coursa Sports Low Power Mode uses about 25-30%
GPS through duty cycling

— Should extend battery life of Apple Watch 2 with GPS ON
to about 8 hours delivering similar distance accuracy

Coursa Sports Balanced Mode uses about 50% GPS
through duty cycling

— Should extend battery life of Apple Watch 2 with GPS ON
to about 7 hours

Cnfiental N IneSense




C€oursa Sports Architecture

Session datasets via
REST APIs

) GNSS Duty Cycle /

N

4 Performs \

| > DSL Interfacing
Log Binary Stream
Sensor Control
GNSS Control
Data Flow Control

_/ GNSS Location Coursa We e

Accelerometer

Gyroscope F— > DSL Binary
Magnetometer \ Data Stream
Barometer \ 4 /
Distance
Sensor Data Speed

GNSS Location Binary Stream

GNSS Duty Cycle

InvenSense

DSL

» Real time distance and speed computation is done on the device

 GNSS is duty cycled that leads to significant power savings on the device

* Route is calculated with 95%-+ accuracy on Coursa Sports servers

» Session data processed by the Coursa Sports server is available via
REST APIs

InvenSense Inc. Company Confidential InvenSense




Coursa Sports Eval App

oo Coursa Sports

mene Coursa Sports

MAIN TRACKS

=~ Distance
(=) Speed
< Time

Use Case: Handheld

¢ GPS On
Percent

TRACKS
—

User: aheshmati
Time: 2015/05/23
09:57:27

City: Saratoga
Distance: 6m
Duration: 00:00:11
Avg Speed: 0.72
km/hr

User: aheshmati
Time: 2015/05/20
16:09:09

City: Saratoga
Distance: 23 m
Duration: 00:00:17
Avg Speed: 3.85
km/hr

MAIN TRACKS

Speed (km/h) vs Time

Eval app available for demo on Android, Android Wear and iOS devices

InvenSense



@oursa Sports Integration Lifecycle 2&nshathe

1] Request access to SDK
& wait for approval

4] Use unique user id’s and
upload data to the Coursa
Sports servers

FUTURE

2] Login to download 3] Integrate iIOS & Android
Android & iI0OS SDK SDK using the SDK key

granted to the account
Verify distance & speed

SIGN IN

5] Use the API key to 6] Test and verify
download processed route implementation. Start
data from Coursa Sports Shipping!

servers

‘ = .
<’ Fo % e
o 4
% | ’
% ‘u' |
d I ] . O
Trabuco Hills | -
fiigh School ® N
Yinavete

gy
Google! Map deta @201 6 Google —

Visit www.coursasports.com
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;. 2 Coursa retail

-2 by InvenSense

Shopper Retargeting and Location
Analytics
for Brick and Mortar Retalil



~Nceina th»n
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=1 1w i
Vi VRL

Use sensor data inside
consumer smartphones
to gather insights from
shopper location history
In retail stores

Improve in-store UX with
realtime shopper and
associate location

venSense




Coursa Concept

Coursa Retall - Phase |

e _Carnce

InvenSense
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Fusion of Motion + POS + Maps

932 -
£ OWLOWS 2.4 R -
PRRMESAN e | N TR - -
[ 2.49/%9 0.24 —r————r—r—r— —— . .

0.625“9 i I -

70 P E 1.99 i o
s M " e LR
Eﬂﬂ??ﬂn T@ﬂf; 9‘32 3 : I

POS provides list of

purchases+
g at checkout
depi i =

Location anchor points

Store product locator

Time tagged Sensor data
collected in real-time -
used to generate PDR

Best fit of PDR to anchor positions
either in real-time or post- anq optionally map m_a_tchlng
mission delivers absolute position trace of
user in physical space

InvenSense
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+ No Costly Infrastructure FUTURE

Coursa Retail gets you access to your valuable shopper and store
Insights without costly equipment purchases and installations.

Coursa Retail also scales quickly across all of your stores by avoiding
time-consuming per-store setup or site surveys.

customer’s existing smartphones No expensive capital equipment

(I0S and Android) (WiFi, video cameras, store-wide
beacons)

retail app w/ Coursa SDK No access to the in-store data

network required

One Bluetooth beacon per store

entrance No per-store installation personnel

required

InvenSense




DIY Algorithm Development




& SensorStudio

« High level of abstraction
through visual programming

e Gain data insight through real
time scientific visualizations

SensorStudio SW

 Record & replay for a complete
algo dev/validation cycle

Nucleo HW

o Creates compelling PoCs &
demos in no time

« Expedite sensor-based custom
product development without
prior sensing knowledge

ICM-20690 HW

InvenSense Inc. Company Confidential
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* Visualize data at each stage
e Support InvenSense sensors & sensor fusion
* Facilitate development & integration of custom block of your own!
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Conclusion

e Low cost high performance motion sensors are
enabling broad set applications

 New algorithm innovation and SW solutions are key
enablers for these applications

 Mass deployment of “sensor enabled” devices
provides opportunity for crowd sourced remote
sensing applications

« Future trend from fusion of previously disjoint data
sources

InvenSense Developers Conference 2016 InvenSense
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