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\Orchestrating a brighter world

NEC brings together and integrates technology and expertise to create
the ICT-enabled society of tomorrow.
We collaborate closely with partners and customers around the world,

orchestrating each project to ensure all its parts are fine-tuned to local needs.

Every day, our innovative solutions for society contribute to
greater safety, security, efficiency and equality,

and enable people to live brighter lives.
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The scope of space system business
INn NEC/NECSpace
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Component Supply Record Map

| More than 8000 components have been supplied to the customers
around the world for more than 280 satellites
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(Japan’s 1st sat.)
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Major Japanese Satellites
Integrated by NEC/NECSpace

|

TANSEI SHINSEI |
(Ms-T1) (MS-F2)
1971 1971

b JIKIKEN HAKUCHO
(EXOS-B) (CORSA-b)
1978 1979

SUISEI FUJI GINGA
(PLANET-A)  (JAS-1) (ASTRO-C)
1986 1987
ORIZURU YURI-3a/3b
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(MDS-1)
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TANSEI-II TAIYO/ TANSEI-II \‘\ HIMAWARI
(MS-T2) (SPATS) (MS-T3) (GMS)
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(ASTRO-A) (GMS-2) (ASTRO-B) (EXOS-C) (GMS-3)
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AKEBONO HIMAWARI-4  HITEN HAGOROMO MOMO-1b
(EX0S-D) (GMS-4) (MUSES-A) (Lunar Orbiter) ~ (MOS-1b)
1989 1989 1990 1990 1990
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ASCA HIMAWARI-5 FUJI-3 HALKA KAKEHASHI
(ASTRO-D) (GMS-5) (JAS-2) (MUSES-B) (COMETS)
1993 1995 1996 1997 1998

SUZAKU KIRARI DAICHI AKARI KAGUYA KIZUNA
(ASTRO-EIl) (OICETS) (ALOS) (ASTRO-F)  (SELENE) (WINDS)
2005 2005 2006 2006 2007 2008
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Satellites as sensors and communication nodes

in 10T (Internet of Things) business L /yp>:2019
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https://www.nec.com/en/global/solutions/space/remote_sensing/
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NEC’s Al technology assets for loT edge nodes Clup>¢2019

NEC e WISE )

Al technologies from NEC
for enriching human intellect and creativity

Visualization Analysis
No. 5™ Foce recognition G Invariant analysis M)

Self-learning Heterogeneous I Autonomous and
mixture learning N Adaptive Control

Guidance

super resolution

Crowd behavior 1., Textual Entailment
analysis Recoghnition

. , " Predictive Robust
Object Fingerprint RAPID machine learning

. _ Optimization

M Optical Vibration Onk Automated | ABTIEWOLK
Sensing J Security Intelligence
Speech, Profiling Across
Emotion recognition

| Spatio-Temporal Data Fae !
L s SS ———— - . © NEC );

1 : Ranked 1%t three consecutive times in task assessment as sponsored by National Institute of Standards and Technology (NIST) of the US
X2 : Ranked 1%t in task assessment as sponsored by National Institute of Standards and Technology (NIST) of the US (2012)

https://www.nec.com/en/press/201607/global_20160719_01.html

© MEC Space Technologies, Ltd. 2019 \Orchestrating a brighter world NEC



Harsh environment around edge nodes Clup~3:2019

] Cosmic radiation in space

®High energy particles
from the Sun and Galaxy
cause soft errors

| Soft-errors in semiconductor memories < 9\/
@®lon path through p-n junction /
@®Bit errors occur in memory cells.

_

i

. . . N\
Al implementation techniques

against harsh environment

L are required. )
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Performance limitation for low power consumption ez =@k

Field
Programmable
Gate Array
(FPGA) .
Micro Controller
@ 33 MHz
Performance

Compensation

B © JAXA, NEC Space Technologies

Sensor Electronics & Optical Navigation Computer of HAYABUSA-2

Al implementation techniques for
resource limitation are required.
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Image Recognition for Optical Navigation

| The first image recognition implementation for HAYABUSA
asteroid probe in 2000

® Modification for craters

|

W

©IJAXA
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Unknown World — an asteroid “ITOKAWA” C/uol~3:2019

| Lessons Learned from the first HAYABUSA asteroid probe

® We learned that even in the internet age, there are things that you don’t know
until you go to the site.

® Programmability for "Unknown in the field” is required at the site.
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Programmability for “Unknown in the field” (1/4)

| FPGA = Co-processor?

Bus Z
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Programmability for “Unknown in the field” (2/4) C/iupl—>:2019

] Distributed Memory architecture One integrated
to keep latency programming language
Intra-net
inside a unit e _kD
Distributed
memory
Memory Memory Memory
| | |
Field Field
Programmable Programmable Legacy
Gate Array Gate Array Micro-Controller
(FPGA) (FPGA)
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| Heritage from the Second Generation Al Computer
- The Fifth Generation Computer Systems (FGCS) Project in Japan

® T. Chikayama, "KLIC: A KL1 implementation for Unix systems,”
New Generation Computing, vol. 12, no. 2, pp. 123-124 (1993). [¢

® K. Rokusawa, A. Nakase, T. Chikayama, “Distributed memory
implementation of KLIC,” New Generation Computing,

vol. 14, no. 3, pp. 261-280 (1996).

Application

Programs

PIMOS

KL1 Parallel
Implementation

PIM Hardware

K. Taki, “Parallel Inference Machine PIM”, Proc. of Intl. Conf.

~if——
— KL1 Language — Gesmmmm K| 1
~i—

( Interfaces )

PIMOS
Protocol

Machine
Language

or
Microprogram

pim/m

on FIFTH GENERATION COMPUTER SYSTEMS 1992.

http://www.jaist.ac.jp/iscenter-/mpc/old-machines/pim/
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Programmability for “Unknown in the field” (4/4) C/iupl—>:2019

| Another unknown world “"Ryugu” - the target of HAYABUSA-2

® "Unexpected surface” is “as expected”, because we have designed a fully
programmable IoT edge node for “"Unknown in the field”.

® HAYABUSA-2 asteroid probe has been optimized at the site.
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Successful Touch down!

Mar 5, 2019

Hayabusa2 CAM-H has successfully imaged
Ryugu during the touchdown
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Hayabusa2 Touch down e
February 22, 2019 :

http://www.isas.jaxa.jp/en/topics/002076.html
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Generalization of the lessons learned of space applications

for consumer product designers L/yo>2019

| Yet anther technology trend : Makimoto’s Wave
®Cf. IEEE Computer, Dec. 2013 (Vol. 46 no. 12), ISSN: 0018-9162

Standardization Microprocessor FPGA

Standard Memory Field
discretes Micro- Program-
processors mability

O W &

Customization

Just after the decade of “"Highly Functional Super Integration: HFSI".

[ Unique processing elements are integrated into one chip. ]
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| Many core with fully connected shared memory

®RC64 by Ramon Chips, Ltd.
Israeli Company
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Examples of unigue processing elements (2/3)

| Low power consumption with high performance
® Indispensable characteristics for IoT applications
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RC64 by Ramon Chips, Ltd.
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Examples of unigue processing elements (3/3)

| NanoBridge® Programmable Metal Wire
® Atomic switch for IoT applications of Al

e.::::::m--»! A »!»!-!

Keeps ON Keeps OFF
until -Vis until +V is
applied applied

OFF-state ON-state

Cu bridge

©NEC, FEEHATR

https://www.nec.com/en/press/201703/global_20170307_03.html
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Conclusion - Lessons Learned from HAYABUSA2 Va2 a@ ik

| How to implement Al applications in 10T edge nodes
® Programmability for “Unknown in the field”
| Architecture of loT edge nodes against harsh environment

®Distributed memory implementation
®Integrated programming language interface

| The age of Highly Functional Super Integration (HFSI)

®Makimoto’s Wave
®Unique processors / Atomic Switch (NanoBridge®)
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