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Ffech corporate Profile

TS TECH Co, Ltd.

TS TECH Co, Ltd

(Prime Market, Tokyo Stock Exchange Consolidated y¥A441.7
Name: TS TECH Securities Code: 7313) net sales _—
billion
President Masanari Yasuda [Sales breakdown]

_ Automobile business 93.1%
Established Dec. 5' 1960 Motorcycle business 1.8%
Head office Asaka-shi, Saitama ‘ | Other 5.1%
Capital stock 4.7 billion yen

Total number of shares issued 136 million

Lines of business

Manufacture and sale of automobile seats;
automobile interiors; motorcycle seats;
and resin-based products for motorcycles

Consolidated number of employees
14,719
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FYech |ines of Business

| TS TECH Co. Ltd.
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FYech 1nternal Structure of a Multifunction Seat

TS TECH Co, Ltd.

. Electronic
Main components —__ components )

| Side airbag

Occupant posture sensor
(passenger seat)

lectronic
components

Occupant weight sensor

(shown in (passenger seat)

Safety features

Seat position sensor
(driver’s seat)

Power slide

Power reclining

Power height adjuster
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Comfort features ||

Air lumbar support

Ventilation system

™ *Image of seat features
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F¥ech proposing New Value for Cabin Space

TS TECH Co, Ltd.

Safet /Securlt al HMI B s
y y Intultlve Communlcatlon(flve senses)

Occupant Protection EV°|Ut|°n -Arrangement compatlble operation
Prlvacy ..; A LA
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Enwronment

-Sustainable Materials .

-Easy Disassembly

-Recycling-Maintenance
*Hardware Evolution

- ¥ Postural Improvement
Motion Sickness Reduction

------ : Coordinating User Experlence Energy
Spatlal Value -Exploration of Human Nature Savin
-Immersive Experlence " g

-Human-centered

/ Heating/Cooling
Energy Harvesting
=

-

with Five Senses
-Mass Customlzatlon

- Arrangement )i -
-Variable Space Including Stopplng New_';i?'l?gelzgzgge
New Way to Spend Time

Pursue “Human-centered” comfortable and attractive spaces
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F¥ech challenges for New Value

Tlech
Beyond Comfort . Automotive OEM

Interior Parts =
Manufacturer

“Cabin Space”
with New Value

Startup Companies
Other Industries

We need ...
Cooperation with companies with diverse development cultures
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Ffech 1ntegrate functionality using MATLAB®/Simulink®

TS TECH Co, Ltd.

Interior Parts

___mfri—_
= __ —
FUNC:1 {FUNC:6
-~ A S
= = 1 /‘ l
T " Oth
Startup FUNC:3 FUNC:4 —— FUNC:5 — er
Companies | Industries
LY
FUNC:2 FUNC:7

MATLAB®/Simulink® = environment for the integration of “functions”

All Rights Reserved. Copyright TS TECH CO.,LTD. 10



Tech pgenda

TS TECH Co, Ltd.

3. Estimation of Fatigue Level
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Fech pevelopment Background

TS TECH Co, Ltd.
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. -Coordinating User Experience Energy

Exploratlon of Human Nature ;\\m‘ Saving

-Human-centered

/ Heating/Cooling
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S

-

-Variable Space Including Stopping ‘Jew_';iilggelzgzgge

New Way to Spend Time
We need ...

technology to know E> “Human-centered”
the state of human comfortable and attractive spaces
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Jech Need for Driver Fatigue Estimation

TS TECH Co, Ltd.

Development of automated driving technology

«Adaptive Cruise Control

2020 2030
501,567 2,399,000 Gy 1)
(a==ah L1l -Traffic Jam Assist ~ =

ADAS(Lv2+) Market Forecast m m m ‘Q‘

Low-priced car

+Lane Change Assist

Reliance on Driver Assistance System

“Be easy to drive! = I can still drive! @

Crash 111
-
Cognition Cause Mistrust of
O™ O®" Gottired @ *

Judgement . .
Operation Automated driving & ADAS

For safe driving, it is necessary to estimate fatigue
and encourage rest breaks at appropriate times.
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Hech ovyerview of Fatigue Estimation Algorithm

Electro Cardio Gram(ECG)
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Flech Challenges in Algorithm Development

TS TECH Co, Ltd.

- A ] \/7\/
<. 80%?

m I Stack in a | fi Improve
ore developme loop 70% 7
i 3 _
Experiment ) N

How much performance
Is required?

[ We need ...
[ Run the model

'm not satisfied with
just being notified

in real time

Deliver actual services

--- Can the current model provide value ?
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4.Implement Algorithm in ECU

All Rights Reserved. Copyright TS TECH CO.,LTD.

16



F¥ech challenges in Implementation of Real Time System

TS TECH Co, Ltd.

~JCCA WORKS
Joint Development

eventually---
s Port to C ) m

» Verification

Modify
Porting to C takes time -

— T @ l Require Cl
chh x @ KICONIA

Port Create Auto Code Generation

b ,‘—q/

Easy to Main
modif Environment
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Ffech Flow to Real-time Implementation

TS TECH Co, Ltd.

@Portmg from Python to MATLAB

@Consistency Check  Port
,, | v
®Implementation in Simulink "‘
@Operation Check Implementatlon
-
Extractor Model

for Code Generation : _
@Implementatlon in ECU ~ Auto Code Generation

- Acquisition Extractor Model (CAR)

®Model Modifications = Simulink Model

ECU
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F¥ech Hardware Configuration

TS TECH Co, Ltd.

ECG analog %
sensor :

Raspberry Pi

CAN

CAN
Interface

PC
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Ffech F|ow to Real-time Implementation

TS TECH Co, Ltd.

A

®Port|ng from Python to MATLAB ]

@Consnstency Check " Port
*’ v
®Implementation in Simulink ‘
@Operation Check Implementation
RRI Al

Extractor | = Model

®Model Modifications
for Code Generation _
®Implementation in ECU Auto Code Generation

ECG RRI Al 0
utput
W— Acquisition =®| Extractor [T Model [ (CAR)
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Ffech porting from Python to MATLAB

TS TECH Co, Ltd.

std()
In [1]: import numpy as np X =[12345];
'g. X=1[1, 2, 3, 4, 5]
std(X)
np. std (X)

ans = 1.5811

Out[1]: 1.4142135623730951

Same input but different output.

Why?
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Fiech pifferences in Default Settings

TS TECH Co, Ltd.
A ¥ A.> 4

) JZ(xi—mz ) jmi—mz
o = g =

n n-—-1
Std() oy Invariant } Std(x’)
Standard Deviation -
Standard Deviation
Out[1]: 1.4142135 ans = 1.5811 ans = 1.4142
Fisher’s Definition Pearson’s Definition
kurtosis() Normal — 0 Normal _
Distribution Distribution
from scipy. stats import kurtosis X=10[11101 1]; X=1[11101 1];
=0, 1, 10, 1. 1]
kurtosis (X) kurtosis(X) kurtosis(X])-3

0. 25000000000000133 s m G BEGH ans = ©.2560
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Flech

TS TECH Co, Ltd.

Consistency Check

| | | | | | | | |
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1 1 I 1 | | | 1
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. time[min]
I | I | [ | | | |
Fatigue
Level
mm Python
- NATLAB
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Hech 1mplementation in Simulink

| 12:34 »| clockTBuf
| -E clockTBuf

esFatigue - o
| —£ esFatigue i
'PeakTimes peakTimesBuf sahebgus
updateSignal il
1) ecg "*"I:J*ﬁltei?{?:-cg > » EcgBuf : updateSignal
= —F filtedEcg —EEcgBuf RRims || Task_30000ms
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* H <
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; RRI Extraction o 9 .
u
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MATLAB TR
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time[sec]
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Ffech Flow to Real-time Implementation

TS TECH Co, Ltd.

-r:ﬁé'i'Consistency Check | Port

@Implementation in Simulink -
@Operation Check Implementation

Extractor Model

for Code Generation
@Implementatlon in ECU -Auto Code Generation

ﬁ?- Acquisition Extractor Model (CAII:\)I)

' ®Model Modifications - Simulink Model

ECU
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Flech

TS TECH Co, Ltd.

Modifying the Model - Variable-Sized Array

Heart Rate 75[bpm]

G) 172737717'57?77 71 727374 75
G100 DT T 75 peaks
T ded ¢ 5 E ' O } The # of peaks
Heart Rate 57[bpm] is not consistent.

G) 1" 2 3 4 5
ol [ | | |
L DY A VRPN PN % NP Y

5|4_55_5|6_57
Ll |57 peaks

2 3 a 5 55 56 57 58
time[sec] time[sec]

Store the peak detection time. ’Q,fﬁlfifaufe‘i”[fiﬁ?d

(Variable-Sized) _ ) )
\_//pea kTimes = peakTimes(peakTimes~=-1);

Can throw errors upon code generation V9

coder.varsize( 'peakTimes',[600 1]);
Specify -
Maximum array size peakTimes = peakTimes(peakTimes~=-1);

All Rights Reserved. Copyright TS TECH CO.,LTD.
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F¥ech Modifying the Model — I0/Communication Model

TS TECH Co, Ltd.

Communication
Model

realTimeProc (|
IO Model bl —
-Ees atigue m | € rsmpEsFatigud
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updateSignalf|—— ———» ———
i d —Fup ateSignal [ m £ rsmpUpdateSifihal
Hardwareln Hardwareln Scalingin 4’%} —Plecg
<Hal eln> <ec >
HR T
Hardwareln Scalingln H
RRIms F——
-ERF ms
RASPBERRYPI

Al

=
RASPBERRYP|

-

X

CAN Transmit
Message ID: 100

N

Simulink Support Package for Raspberry Pi Hardware e

YERkE: MathWorks Simulink Team
Run models on Raspberry Pi.

4\ RO T Bt

AAN—N#B

Add models for hardware I/0.
The package dedicated to Raspberry Pi was used for this time.
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Flech pAuto Code Generation

TS TECH Co, Ltd.
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Ffech cyrrent Real-Time Estimation System

TS TECH Co, Ltd.

ECG

ECG

Acquisition

RRI
Extractor

RRI AI
Acquisition Extractor Model
ECU

Al

Output
cayy + <\ MathWorks:
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Output
(Bluetooth) L Only Us

ECU
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Notify users
via tablet
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Jech conclusion

TS TECH Co, Ltd.

Conclusion
Realize a service that combines machine learning algorithms

built in Python with other functions in real-time using Simulink.

Future Work
Enhance development flow targeting vehicle OS.

MATLAB®/Simulink® Product Family Used

-MATLAB®

-Simulink®

-Statistics and Machine Learning Toolbox®
-Signal Processing Toolbox®

-DSP Toolbox®

-Wavelet Toolbox®

-Simulink Coder®

-Embedded Coder®

-Simulink Support Package for Raspberry Pi®
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