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Corporate Overview

Mitsubishi Electric Corporation (MELCO)

MELCO, one of the long-established & blue-chip company
(founded in 1921), is world's leading manufacturer of electronic
products and systems in a broad range of fields, automotive
equipment, factory automation systems etc. Over the past four
decades, we have been involved in many satellite projects for
telecom operators, government agencies, and other large-scale

clients. Net sales
President & CEO : Masaki SAKUYAMA Tons 43— 4304
Head Quarters : Tokyo, JAPAN . B
Net Sales . ¥4,239 billion ] :::3 I
Employee : 138,700* o

. . C e . Fi 1Y (Y ded March 31)
* Inclusive employees of consolidated subsidiaries SR ESRET R
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Corporate Organization

Chairman
K. Yamanishi

Communication

Corporate Research
Systems Group

& Development
Group

As of Apr. 1, 2016

President & CEO
M. Sakuyama

B 10 Business Group
m 1 R&D Group

% Executive Officer.

< b Group President
M. Okamura

- Defense Systems

= Space Systems _ -y B =

: Information Systems
— [T Space Solutions & Network Serviee Group
= High-Precision Positioning Systems

Energy & Industrial
Systems Group

Public Utility

Building Systems  Living Environment  Factory Automation
Systems Group Group

Semiconductor
& Device Group

Automotive
& Digital Media Systems Group Equipment
Equipment Group Group
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Electronic Systems Group

Defense
Systems

Space
Systems

Integrating
Space & IT Systems

High- Newly Established Department

Precision

Positioning -From April 2017
-Utilization of High-Precision Positioning
by integrating Space and IT Systems

Systems
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Communication

®MELCO established strategic standard
GEO platform “DS2000"
@ Chosen as the prime contractor for
-E’s hail-2(Qatar)
-Turksat-4A/4B (Turkey)
-ST-2 (Singapore/Taiwan)

-Superbird C2 (Japan) ---and others.

Superbird-C2 Turksat-4A/4B Es’hail 2

Earth Observation

®Earth Observation from LEO using
optical or SAR sensors
®Chosen as the prime contractor for
-GOSAT : greenhouse gases monitoring
- ALOS-2: disaster surveillance
-“Himawari 7/8/9”: meteorological

HIMAWARI
GOSAT

---and others.

MELCO Space Business

Navigation

04QZSs, 24hrs service, will start from
2018, 7QZSs, self-contained navigation
service, will start from 2023
@ Chosen as the prime contractor for
«2nd_4th QZS ]

Space Exploration

® Astronomy using space telescope,
VLBI etc. Solar-B

d’
Burtesy of KAXA/NASA
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In Orbit Records and Back-logs

Over 15 spacecraft In Orbit

-
|

G

In Orbit |

DRTS GEO
Data Transfer
since 2002

ey -
SOLAR-B : LEO
Science

since 2006

HTV #1/#2/#3#4
Transfer Vehicle
(2009, 2011, 2012,

2013)

OPTUS C1 :GEO

MTSAT-2: GEO ETS-VIII : GEO SB-C2 : GEO
Communication Meteorology Communication Communication
since 2003 since 2006 since 2008

since 2006

ST-2 : GEO

— il ..
GOSAT : LEO Hi- power
CO, Monitoring Communications TURKSAT-4A/B : GEO
Since 2009 since 2011 Hi- Power

Communications

Himawari-8/9: GEO

QZS+#1 : HEO
Navigation
since 2010

Meteorology
Since 2014/2016

since 2014/2015

i o - —. ]
; Es’hail 2: GEO
: . QZS #2/#3/#4 Hi- Power
ALOS-2 : LEO HEO & GEO, GPS ot HTV#5/#6/#7 -9
SAR Observation Since 2017 i e e Transfer ggsﬁfit'o'ﬁﬁ%
since 2014 9 Vehicle 2

~

),
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2. QZSS and CLAS
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Roles of MELCO in QZSS Program

mFour-satellite constellation for 24hr
service will be established in FY2018
mRoles of MELCO in QZSS program
-Prim contractor of 4-satellites
-Member of PFI company. QSS *.
for development of QZSS ground

control system and QZS operation
*QSS : QZS System Services Inc.

CAO MELCO | Prim contractor of 4 satellites

A

QSS | Representative company is NEC

mm 2015 _| 2017 mmmmmm

QzS-2,3,4
GCS A st 1R (QZs-5,6,7)
design Manufacturing Test | Operational Service
I )

” 40QZS Constellation 7QZS
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&'W ELECTRC Roles of MELCO in QZSS Program

BmQZS#2. #3. #4
- MELCO has developed QZS#2/#3/#4 and IOT has completed
- Under final tuning of Navigation Signal

QZS#4

QZS#2
Launch 1st, June Launch 19t , August

mQZSS Ground Control Systems
- MELCO developed following Operation Centers
» 2 Main Control Station(MCS)

-Hitachiohota -

-Kobe [

> 7 Tracking Stations '
-Okinawa, Ishigaki. Miyako, 5

>~ * Hitachiohota

E 2 :: ~

Ishigaki  Miyako Kume
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Major Services of QZSS

B GPS Complementary
» Enhance positioning signal availability
» Transmission of positioning Qzss ¢~
signal compatible of GPS GPS
» Improvement of the number w  w Vow
of visible GPS satellites Bl

M Positioning Augmentation T High Elevation
» Provide cm level high precision 3D positioning

@ ®
: - &2/ N 3
/L / W AR
i)

» MELCO has responsibility to generate and provide signal for CLAS *
» Transmission of augmentation signal from QZSS to all over Japan
» Improvement of GPS/GNSS positioning accuracy

* CLAS: Cm(Centi-meter) Level Augmentation Service


動画1/02 QZS+GPS_8M.wmv
動画1/02 QZS+GPS_8M.wmv
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BmIn Japan, there are more than 1,300* Continuously Operating
Reference Stations (CORS).On each station, Multi-GNSS receiver is
continuously tracking the signals from GPS, QZSS and Galileo satellites

B The signals monitored in CORS are processed in QZSS CLAS Facility to
determine the correction data for each major error sources in real-time

. ‘ . B GPS ! ~ . ﬁ
1t A ﬂ QZSs ﬁ ﬂ .
P y Orbit,Clock I , Orbit, Clock

P ~ . AN 2 Biases Biases

y b —— ®Broadcasting Navigation Signal
- ‘ j, Navigation Signal via Satellite :

. _
FRCHI Rl e e e e e _— -
o
' T o Ionosph g e
o ¢) Troposphere ; SIS / Error

How CLAS signal is generated

B GIATRIE

_________________

@Error correction
i to the each user receiver

:Cm level positioning

MO

. .
; ) ‘
P '
! | |

| ¥

CORS Network Analysis GPS signal

ﬂ“ﬁ“ﬂ
error value :
QZSS CLAS Facility \ User

GEONET

* CLAS is generated from 300 CORSamong 1,300 CORS in Japan.
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Features of CLAS broadcasted from QZSS

B Augmentation Service realizing Centimeter-level positioning in Japan
B Broadcasted 24 hours from QZSS free of charge (in Japan)
B Equivalent in accuracy as RTK-GNSS and can be used broadly

In general : Data transmission on ground CLAS : Broadcasted from satellite

RTK - GNSS Network RTK(VRS) . ]
-Local CORS and data -On ground data . groalglcasteccll I1;rolm high elevattlop
transmission equipment transmission via network an be used by large amount or users
‘Radio-wave license -Contract with providers
GNSS!.II"—'”&'_Q&, .{m

.

' 2
GNSSHR [ - CD_/\;.” TPy m{", . ’nim
e % R P
o ad ‘
| 1:X
| n
' — "!“__ AT \
7 GNSSEBRE  EWESS ) & a
(RRiamse) (VRS)

[FRRYH &

RTK : Real Time Kinematic
GNSS : Global Navigation Satellite System
VRS : Virtual Reference Staiton
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Various Applications using CLAS

mUtilization of cm level high precision 3D positioning has potential to
create new innovative services and new industries that contribute
creation of “Smart Society”

Train Control

[ Automated/Safe Driving

a— ﬂw/////

74 s//,,ﬁ-lm :Z(((a'lm ‘(l

Ship Control

13
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動画/03_QZSutilization.wmv
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3. Realization of Society using
High Precision Positioning
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3 Core Elements to Realize Society using
High-Precision Positioning

cm-level High-Precision

Positioning Infrastructure

Generation and distribution of CM-level

high-precision poisoning correction data

Quasi-Zenith Satellite System P
(QZSS)

= .

Japan: Global:
Governmental -Sapcorda Services GmbH
project (CLAS) -Interoperable with CLAS

High-Precision

3D Map

e cacd ER

-Dynamic map data platform for
automated driving

-Automated mapping, Extraction of
transition

from 2018 /

Industrial use

Poisoning Infrastructure

commeDg/'lgl' . Detachable Automated
June 2017 MMS PP g/
\ \

Realization of highly precise poisoning by
correction data from CM-level High-Precision

q

High precision
locator for vehicles

High-Precision Positioning

)

GNSS Receivers
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World Wide Use of Cm Level Augmentation Signal

mEstablishment of JV Company “Sapcorda”
Sapcorda Services GmbH has been established
to provide Cm Level Augmentation Signal mainly ¢
for Europe and US Regions.

.

{ New service ¥,

; - SN Ay
o eET b 7 2 -~
i S
\ . ! ¥
\ - NS L e R,
< s S o]
L \, - / e
> AR , ) N
N o ¢ b
~ - \,
o - \,
N S .3
s . \
i \
i \
h) T l'
|

" QZSS CLAS

Sapcorda : Safe And Precise CORrection Data

BmFeatures of Sapcorda Business ‘ R
1. Globally available service SN

2. Correction data at centimeter level

3. Adoption of open format

4. Safety information for autonomous driving

5. Distribution via satellite and ground network

6. Interoperability with Japanese CLAS

system development market needs analysis
| |
Melco GEO*+ Bosch u-blox

Sapcorda Services GmbH
Organization of Sapcorda GmbH 16
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High-Precision 3D Map

Why maps are needed for automated driving and other uses;

Current digital maps High-Precision 3D maps
(navigation etc) for automated driving

4
sxEcr )

FRTARERCR

Read by human beings Maps installed and perceived by vehicles

-Contributes to improving self positioning
accuracy and decreasing total work load
of autonomous driving systems

-Search and navigate to location

© Mitsubishi Electric Corporation
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swercmc How to use High-Precision 3D Map
1st STEP
Surveying, data gathering 2nd STEP
e’ ~ Extract Vectorized Data 3rd STEP .
- e (Create 3D Map) Identify High Precision

Positioning Results using QZSS /
CLAS on the 3D Map

QzZSSs / %gg

"

Point clouds created by MMS
becomes identifiable data for the
use of automated driving,
NN

18
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movie/2_MMS_H264_150822.mov
movie/2_MMS_H264_150822.mov
movie/3_Aisan.mp4
movie/3_Aisan.mp4

MITSUBISHI . - 19
~weecrc  Establishment of Dynamic Map Platform
B e
“Dynamic Map Platform Co., Ltd.” zgnriN 2 bliomm TOYOTA
-Start from 30th June 2017. ®PASCO wc__] NISSAN
-Distribution of practical maps for HONDA
/i MITSUBISHI ~  Msuishi
-All domestic highway data will be nesmen? SUBARU
delivered by March 2019. master suzuki
HINO ISU2U
MELOC MMS used to gather data. (nvestors for DMPY
Map Company Automobile
Dynamic Map Platform Co.,Ltd A \ Company
; Competitive
. data
Static
information sy i
ﬁ) A ‘ Yy,
Map Company Automobile
B \ Company
[ Competitive i
3D Map Data Dynamic Map —tat
Laser point & Static
amera dats informatio Static
informatio
=
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High Precision CLAS Receivers

Line up of CLAS Receivers(MELCO Products)

items Purpose Configuration and size Availability
Monitor For development and Antenna Receiver Already
Terminal demonstration — available

(p20 178%x142x90mm

Terminal for For various business users Antenna Receiver FY2018
Business
Users
Terminal for For high precious car FY2018
Car navigation | navigation system
system
Terminal for For ADAS or automobile TBD
ADAS & equipment for high
Automobile precision locator

© Mitsubishi Electric Corporation
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Utilization of CLAS for Automobile

Autonomous Driving and Safety Driving Support

Self-sensing driving

Combines on board sensors
(cameras, radars) to perceive other
vehicles, objects and surrounding
environment

Infrastructural driving
High-precision 3D maps and
centimeter-level augmentation service
(CLAS) broadcasted from satellites
together with vehicle to infrastructure
communication is used to identify self
position to realize safe driving even in
bad vision

Infrastructural Driving is effective in bad
vision such as under snow, fog or at night

Self-sensing driving
-Perception of surrounding
environment
-Monitoring drivers, passengers

Monitoring device

Fore-Monitor

Infrastructural driving
-High-precision positioning
-Vehicle to vehicle, vehicle to

infrastructure communication

X

Communication device

High precision

camera locator

V2X on-
board unit

Surround view
camera

Fore-monitor
millimetre-
wave radar

Sonar sensor G -

Driver
monitoring
camera

DSRC on
board unit

9
@
4

Vehicle Control device

<@

Master Control
unit

Undertook demonstration of autonomous driving using
positioning augmentation signals broadcasted from
QZSS for the first time ever (19t Sept 2017)

© Mitsubishi Electric Corporation
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Utilization of CLAS for Automobile

High-end audio system & car navigation system "NR-MZ300PREMI"

The navigation system which aims for "improved comfort"
and "safe and secure driving support”

Features Detail
Smart voice control
"Smart voice control” AN . :
” n o _ y : e «—p D':tlnna'
Voice recognition and vocabulary is improved by using the cloud 3 S l ' Voice recognition
LY

"NewsReader"

Thanks to our cloud server's unigue sentence recognition Al

server, making searching for a location or operating the
technology, the latest news will be read out loud to you while —) R
b ] b ] i

navigation system more like a natural conversation.

NewsReader

driving.
. . . ] . Mews provider Cur server Communications

"Compatible with the Quasi-Zenith Satellite System™ equipment p—

Lane-level guidance is provided through the professional ass““'“} zenith ate"'te'adapt“’e system

terminal's (name TBD] link to the Quasi-Zenith Satellite System.
The terminal is also able to detect when you are driving in the
wrong direction, further enhancing driver safety.

| warn the diver when They are
going In the weong direction.

lane level guidance =image Wirong direction waming illustration
EEmage

Mate: scheduled for release as an optional upgrade in Spring 2018.
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Utilization of CLAS for Automobile

Dynamic Map data has been distributed to automobile OEMs and Tierl
manufacturers under an demonstration for “Automated Driving for
Universal Services” undertaken by SIP* and is being used for test driving.

® FY2017 R&D of Dynamic Map and 760km of its creation
® FY2018 2 years of test driving (each automobile OEM)
® FY2019 Wrap up for application to practical use

® FY2020 Practical use at Tokyo Olympics

*SIP = Strategic Innovation Promotion Program led by the Japanese government

/ Dynamic information Route of 760km(round trip) of Dynamic Map created
Combine
dynamic and ‘ ' (1P,
static information Seml -dynamic information _ |—  Covered in FY2016 B
' | === Covered in FY2017 Bound for Ibaragi

Semi-static information

Updated Maps 5 P
Metropolitan Expwy

Semi-dynamic nfo Static information

Semi-Static info

Bay Area
7/’
,l
4

-
Y e
S = ~
Lo i ~o
- % ~~
- 7
-
—
-
-

i Data receiver | Dynamic
Common field [ yM
(consortium) : ap

Each Vehicle
automobile o LControl__ o
OEMs etc... A

' Area for R&D of Dynamic Map

New route
bound for Nagoya

-~
S
S
~
~a A
~
o
-~
~
~S
-

>
~
~ )
S
~
~
~a
~
~
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Summary

m We focus on “Autonomous Driving” and “Safety Driving Support”
in order to help achieve an innovative society.

B MELCO would like to make various cooperative activities in the application fields
presented using the QZSS CLAS and Dynamic Map.

We are waiting for requests!

Please contact us at:

Our corporate site
http://www.mitsubishielectric.com/

Positioning Satellites (QZSS)

http://www.mitsubishielectric.com/bu/space/satellite/positioning/index.html
24
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Thank you for your attention

z MITSUBISHI
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for a greener tomorrow
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