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Abstract: As many systems depend on electronics in an intelligent vehicle, concern for fault tolerance is growing rapidly. For
example, a car with its braking controlled by electronics and no mechanical linkage from brake pedal to calipers of front tires (brake-
by-wire system) should be fault tolerant because a failure can come without any warning and its effect is devastating. In general, fault
tolerance is usually designed by placing redundant components that duplicate the functions of the original module. In this way a fault
can be isolated, and safe operation is guaranteed by replacing the faulty module with its redundant and normal module within a
predefined interval. In order to make in-vehicle network fault tolerant, this paper presents the concept and design methodology of an
IEEE 1451 based dual CAN module. In addition, feasibility of the dual CAN network was evaluated by implementing the dual CAN

module,

Keywords: intelligent vehicle, IVN (In-Vehicle Networking System), [EEE 1451, dual CAN module, fault tolerance, redundancy,
brake-by-wire system, STIM (Standard Transducer Independent Module), NCAP (Network Capable Application Processor), TII

(Transducer Independent Interface)
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Fig. 4. Operation procedure of the NCAP module.

< 7ML 9}

[EEE 1451 7|5k $2 CAN 259 NCAPE 18 48} 7to)
STIM®] 94257] A7MA+ NSDETHS #4302 ZUH
% 3tHA STIMe] AZ= 718 7ok} NSDETH ] ZA] 5
A STIMo| AH+5Vyg a8k, 2713 HEg A3
BF HHolg o] 83le] STIM %713 HHE A5H §, ¢
A AzF B sSTIMO] 27185712 71> 1 A
I dA) Jd4E STMY T/, Alsdd, A, A
3 7] 59 ARE 7FA 1 Q)& TEDSE ¢19] 944 w=g
o] AgsHAl At o|F 4lxe] AHE F38k7] $3) NTRIG
HE A active)yFHIE HO|A7| & F2Ktriggering)S FF3L
STIMOZRH AFe] asUvh= $8¢ NACKE 7|t
T, NACKZ} A= A4 g ¢lar 284 god oA
A2 A STIMY] FHE 7IHEA 80 o]F NCAPE

pedal signal

control signal

MO - 2R - AIAESE =2X W 15 &, W 7 & 2009. 7

Initialize
transducer

l

Initialize TEDS

Receive/Send
functional address

Trigger transducer

t

Receive/Send
channel address

i

Receive/Send
data

% 5. STIM BE9] 52} A4},
Fig. 5. Operation procedure of the STIM module.

TEDS®] BEE "oz ALH F7|vit} F2le)x A9
ARE dlo|Edty HIEYAZ A$3HA Foh1g].

% 5% IEEE 1451 74t 58 CAN EE9 STM 7|&E &
2HAE VR Zojth 94 o] AZFEEH NCAPLR
HE STIM £713F H&-S 7|velA |k sTIMz7|3t 53
& 28 STIME AD ¥&7), Glo, oY & %73
313l TEDSE #A4:317] $13 &ulE shA gk ¥3& 7t
Y oA EFdA At A= SAEHEES gl
HA 3 71%S 3(read meta-TEDS, read data )3} ThA]
FHEE e FHE Eol7b, NTRIGH ] active JEIZ
FAEHHE ERATAE BEH 34 NCAPLE Ad3r] 9
& Z=H|E g} o]2{3 NCAPH STIMY] 2P A= IEEE
14512 EFoA A9ska e e 1488 73k ¢
onj, o]2 Edix NCAP¥ STIMS =¥z A &
ATH 18]

58 722 /e $E CAN EES 1% 63 e &
Aol whg} 2t 1A, F Ao] wxdl HE k= 12 9
9 AMERE AX7E 223 BEE 54314, ] CAN
Ao EEAA BZE Ao =281 dE =& 22 A%
o} o] w, ¥ BE Ao xE7} 5 Alo] mERRE A

Pedal node 1

edal signal
Pedal node 2 P en

FL wheel node

encode signal

FR wheel node

encode signalv / ]

ericode signall ,

RL wheel node

RR wheel node

encode signall

1% 6. Brake-by-wire A]~E19] [EEE 1451 7|4k 22 CAN 259 w|A]x] A4 A1
Fig. 6. Transmission schedule of IEEE 1451 based dual CAN module of brake-by-wire system.



Journal of Institute of Control, Robotics and Systems Vol. 15, No. 7, July 2009 757

£ 1 H2EHES 9% D 8%

Table 1. ID allocation for BBW testbed.

ID value| transmitter | length message name
Ox11 | Pedall | 8byte | brake control value for all pedal node
0x12 | Pedall | 2byte

sensor value of pedal node 1

0x13 | Pedal2 | 2byte sensor value of pedal node 2
0x14 | FLwheel | 2byte FL motor speed
0x15 | FR wheel | 2byte FR motor speed
0x16 | RLwheel | 2byte RL motor speed
0x17 | RR wheel | 2byte RR motor speed
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