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= ADAS & IMU
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»
About MEMS sensor muRata

INMNOVATOR IN ELECTRONICS

MEMS » Micro

- Electro-Mechanical

- Systems

Output signal C,-C,
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muRata B

Murata Sensor Line up

Accelerometers & Inclinometers Gyroscopes and Combined Sensors

SCA3300 SCAS8x0 SCL3300 SCC2000 SCC3000 SCHAB00

121x0 SCHAB3T
13100

High performance accelerometers, inclinometers, gyros and combined accelerometer and gyro sensors
for safety critical automotive and industrial as well as healthcare applications

AUTOMOTIVE v
Leading supplier ﬁ I e a
\b [

for automotive ¢ <
active safety

I e

€\>
<

systems Electronic Stability | Autonomous Driving | Headlight levelling, Electronically Transmission
Control (ESC) and Advanced Perception sensor Controlled Control (TCM)
Driver Assistance (Camera, Radar, Suspension (ECS)
Systems (ADAS) Lidar) levelling
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MEMS Solutions muRata B

INNOVATOR IN ELECTRONICS

] ABS&ESC / Combo2 ] ACU / Combo3

Function x| Without Esc Function
AR

-~ N

Braking force

Compensating
moment

With ESC
Without ESC

Compensating
moment

- - = o
force L o "

Use for  ABS + ESC Use for X Gyro for Roll-Over and Z Gyro for ESC.

- Head-Lamp Leveling / Combo2 - Alignment for ADAS / Accel.
Function ' Function ‘
=4\

Use for  As Vehicle balances tilted by passenger or luggage

Use for  To detect Radar tilting ( Gyro for alignment
loaded, Lamp Auto-leveling operates by Sensor Signal. 9 (Gy 2 )

Status: Looking for needs
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Changes Automotive Market trend

»
muRata

INMNOVATOR IN ELECTRONICS

Automotive market comes round the change of once in 100 years

“The Mobility Revolution”

[Big revolution! All change - Role, Usage, User of carl

ﬂ Connected

Electrification

The source of power

will be changed

from engine to battery.

The spread of
Car sharing

Evolution of IT

will be connected S ‘tvh
various equipment ~bonthave
privately-owned-car,

v
ICASE]

a Autonomous 6 Shared & Service
+Safety/Security
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ADAS(Autonomous Driving Market) muRata ’

Advanced Driver Assistance System

adaptive lane park surmundv:ewl blind spot " rear park

cruise departure assist pre-crash warning detection collision assist
control warning warning
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ADAS(Autonomous Driving Market)

»
muRata

INMNOVATOR IN ELECTRONICS

adaptive
cruise
control

Accident reduction rate by selected features,
assuming 100% adoption and usage rate for each

feature in 2020
IJ-'|"i|. l"|| ]lﬁll'-l '!:.r Ly -\.: ¢ d_|_, I |'I|I l:.lllu:-'\;
11.6%
16.3%
ZT DL 23, M
la
depe Il Other Roads Motorway
war

Advanced ADAS

2 oY

" 1
—2 Ty L

A 2017 report by wholesale insurance provider Swiss Re
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https://www.swissre.com/dam/jcr:081c92ff-b93a-4cb7-bd46-c8217edcb902/future-of-motor-insurance-en.pdf

»
muRata

Automation Levels

. . Fully autonomous driverless fleets
'i“ L5 FLI” aL‘ItﬂmatIGn Maobility service business model All-off

e ¥ : . Fully autonomous autopilots )
. i’“ L4 ngh automation Drivers disengage in more situations  Mind-off

"' 'L.'l.__ I — I . 1
. 1 40 | L3 Conditional automation “¢venced autepiots Eye-off

Drrivers intermittently re-engage

-
'
irf- "

2 : L2 Partial automation Autopilot Hands-off

. 5 i Traffic jam assist

- ' e. L1 Dri"lul"El' ESEiStanCE Adaptive cruise contraol
Autonomous parking

. . Automatic emergency braking
- E. Lﬂ Nﬂ autDITIatIDI'I Lane departura warming

Blind spot information

%Source : Murata Original from several market research
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muRata B

Automation Levels

The Higher the level of automation is, the more sensors are needed to make it happen.

RADAR (ap == (P «:: S @p = s{aP)ezo

Camera m’ =1 m‘ >2 m‘;G @‘ =8

LIDAR aap =

Y| MU

Ultrasonic
Sensor
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Automation Levels
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INMNOVATOR IN ELECTRONICS

» Always available

» Positioning algorithm can run faster
» Less processing

» Provides positioning when GNSS

is not available

Enhances landmark based positioning
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Autonomous Control Technology muRata B

MEMS Inertial Sensor INNOVATOR IN ELECTRONICS
-
Supporting IMU for Acceleration/crash
in-dash navigation sensors for airbag
\w
systems
N

ensors in Electronic
Stability Control(ESC)

systems
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muRata

Absolute & Relative positioning .

Lane
recognition

Ground Control Points (GCPs):

cm accurate localization of maps or
landmark-detected objects with satellite-
derived Ground Gontrol Information

Absolute positioning

Landmark
recognition
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»
Murata Test Vehicle with Reference IMU and Test Setup ”“‘Rat" ‘

P —
R —

Murata IMU
Combo2 x3

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 15



»
Highway ~80 km/h = 50 mph muRata #

60.36 iy | 1
IMU + OBD(speed) + GPS | B s . GPS

‘ o Filter 0

_ 60.34  pien | ——Reference
Applanix as GPS and ref Booricns| HisisinklVantaan GG
lentoasema
6032 inkkiy o

Assume we have cameras/lidar
etc.(=GPS on) and then other than 60.3 __ 0= o

IMU and OBD fails(=GPS off) P i Vantaa

Nackas U

Haltiala

e lulikulls Fa
RES
1w
VIRKAMIES -
—_
: Kuslaankartano
43 (0
% 2 5 249 24.95 25 25.05 25.1

GPS off 10sec BGRESOnZ20sec
MU + OBD GPS (applanix) + IMU + OBD

*map data@Google®
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Distance between filter & Ref GPS muRata #

INMNOVATOR IN ELECTRONICS

X distances +X: right side of ref. Y distances +y: infront of ref.
ir- X: left i -y: behind

o
n
|
o
n
I

o

Difference to reference (m)
Difference to reference (m)
o

O
wm
'
o
wm
|
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»
@Distance between filter & Ref GPS m"Rata ’

T e & At — cps
60.1895 i o = Filter
2 A 4 i - FoStm -

60.188

24.953 24.954 24.955 24.956
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»
Tunnel data (Video) muRata

NHOVATOR IN ELECTRONICS

Status Accuracy Attitude
POS Mode Nav: Aligned RMS Accuracy
‘ 9 o Attitude
M OK Roll (deg) 2316 0018
DMI Status Ok o Heading Pitch (deg 0.187 0.018
Nav Status CA Heading (deg) 135.031 0.033

GAMS Online @ Poston
Logging Writing

B M ] i o Velocity speed (ken)  [RGE 582 | Track (deg) 138.676 M ura ta 6 D O F d a ta

map data@Google®
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»
SCHA(6DoF) Sensor brief summary muRata ’

Component
— 6DOF in one package
— AEC-Q100 (-40...110deg.C)
— Two ASICs in component with functional safety

Gyro / Accelerometer
— Gyro measurement range : +/-125dps or +/- 300dps
— Gyro sensitivity : 160LSB/dps
* Z-gyro performance is most important for target application.

— ACC measurement range : +/- 69
— ACC sensitivity : 4905LSB/g

Functional safety
— The sensor is developed according to 1SO26262

for use in systems up to ASIL D(B).
* Depends on TSR (Technical Safety Requirements)

Application
— Autonomous driving(AD) IMU

CONFIDENTIAL
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INMNOVATOR IN ELECTRONICS

»
SCHA(6DoF) Z-Gyro muRata B

Competitor sensor (automotive) Murata SCHA
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Time th)
Super low noise!
Competitor sensor (automotive) Murata SCHA
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High stability over temperature
CONFIDENTIAL
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muRata

Market trends of automatic parking system

Market trend of Autonomatic Parking

Surround View : : : Automatic
Object Detection Auto Parking Remote Parking Valet Parking Pilot
Level1 Level2 Level3 Leveld LevelS
Driver Assistance Partial Automation Conditional Automation High Automation Full Automation
Obstacle detection 2020 2025 2035

Mis-start prevention Remote Parking (Step 1)

Zama Parking Lot with (White) Line Q 0
? Ex) Shopping complex : o 1 Valet Parking
\ Fully Automatic Parking
Parking space detection ~ Remote Parking (Step 2) * _
Parking space without (White) Line == Infrastructure cooperative

ex) Garage of own home

S222
Increase various use case m ﬂ
Obstacle detection ex) Parking to narrow space 'k

Mis-start prevention

=Shorter range detection is required
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muRata

Ultrasonic Sensor Road Map

Market trend of Autonomatic Parking

Surround View , . : Automatic
Object Detection Auto Parking Remote Parking Valet Parking Pilot
Levell Level2 Level3 Leveld Leveld
Driver Assistance Partial Automation Conditional Automation High Automation Full Automation
2020 2025 2035
Ocm 10cm 20cm 30cm 3m 4m 5m 6m 7m
Target AK2

For Parking ﬁssisﬁ

B

INNOVATOR IM ELECTRONICS

CF2 (10cm-6m)
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Murata Sensor value proposition
WE DO CUSTOMER GETS EFFECT
#1 Combo3 Std. Position and heading data: Gond seraiETE o [F3E

4DOF/5DOF Q

* up to 10s with ~1m accuracy functions L1
e ——
#2 Combo3 HP Position and heading data: Clellr kngws its position on lane in
OF/5D0 « all conditions
e » Up to 15s with <0,3m accuracy L2+
#3 SCHA Position and heading data:
6DOF 0/ o U i saverE mnEs wi Car stays on lane in all conditions
- <0,2m accuracy L3
#4 Under Dev. N _
“DOF “ Position and heading data: Automated driving
« All the time with <0,2m accuracy L4-L5
#5 Ultrasonic '
// ‘“’ Various detection range Parking Assistance & Valet Parking
& Under Dev. L1-L5
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