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1 What s X-by—Wire ?
“Fly—-by-Wire” for Automobile

Also called as Drive—by—Wire

1998:

Munich FTCS —28
— Safety—Related Fault-Tolerant Systems in Vehicles (X— By-Wire)
— User Congress on Dependability of Automotive Systems
“Probability of success is 3%. So they are making efforts”

— Hr. Ernst Schmitter, Siemens AG
2004: - - -
Detrait SAE (Society of Automotive Engineers) 2004

= __ - Distributed Embedded Systems Engineering (4 sessions)
—In=Vehicle Networks (3 sessions)
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'T";'ACNH.I Tahiti Hitachi Research Laboratory




n Inexpensive Dependability

“Aero—space is no longer high-tech. :
Reliability can be improved with cost.
X-By-Wire i1s the high-tech., which realizes

dependability with low-cost.”
— Prof. M. Broy, Technical University of Munich (FTCS-28)
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n Low-Cost Dependable Technology

Cost Reduction

Production Scale of Controllers

10 192 193 104 105 106 (units/yr)
| | |

%erospac% [Steel][Railroad] - EAutomoblleq

Mass Production of LSI

Low-Cost Dependability with LSI Technology
v Redundant CPUs in One Chip

v Self-Checking / Failsafe Technology

v Optimal Clock Diversity

and Autonomous Decentralized Concept
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Our Expertise in Dependability
1960 1980 1990 2000

t Nuclear Power Plants ]
Autonomous Decentralized Systems / \ ‘

Epace Compute] ’@

l{Onhne Transaction Procg

5 ';"',._'fk_._,‘._i Gote ba 1988 FT6100 3500/FT

Dol = Fly-by-Wire ik m
Stee' Ma"“fa"t”""g Fail-Safe Controller |\ i
/  Train Control Systems _— * 7

1996 Hsone 2005

SNV Method
Hiten, Nozomi Onboard Computer

ATOS

ATC
Electric Railroad Crossing Controller
tepm e Negotlatlng Voting, ATC: Automatic Train ControlTer,
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Autonomous Decentralized Systems

For Most of Applications

o 11BN
Nodes

onomous Decentrallzed Data Fie

1/0
Nodes

Sensors
Actuators

Control Object:Localized

Merits;

v' Online System-Expansion

v Computing Node Dependabil ity
(I/0 nodes should be redundant)

For Automotive/Aerospace

Nodes

onomous Decentrallzed Data Fie

1/0
Nodes

Sensor
Actuato

ExchangeablcontrOI Object:Global

Merits;

v" Gomputing Node Dependability
=» v 1/0 Node Dependabi ity
w/0o Redundancy
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An Example: Brake Control

Bl

Bl«
B2 <« Integrated BO
B3« Controller

B2

|

']"JﬁCNHl' Hitachi Research Laboratory



Brake Control with
Autonomous Decentralized Approach

4

'y

B0-B4

B0-B4

Bl %
B2 <« Integrated BO
3 Controller

B0-B4

-Subsystems (Integrated Controller and Brake
Controllers) share all the information.
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Brake Control with
Autonomous Decentralized Approach

ER
B3
B0-B4 B0-B4 A
Bl « :
B2 < Integrated BO
3«
3 Controller B0-B4

B4 <

-Subsystems (Integrated Controller and Brake
Controllers) share all the information.
-When one subsystem fails, others try to recover.
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Brake Control with
Autonomous Decentralized Approach

B0-B4

-Subsystems (Integrated Controller and Brake
Controllers) share all the information.

-When one subsystem fails, others try to recover.

Even if the Integrated. Controllerfails
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“ flexray_demo - ControlDesk Developer Version — [state_view *)
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“ flexray_demol - ControlDesk Developer Verswon — [state_view *]
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m Hitachi’s R&D on Automotive Systems
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Nuclear Reactor CObStOn‘AnalySis
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Train Control /1015
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