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Performance Evaluation of Fault Tolerant Switched Ethernet
Architecture for Railway Signal System

g3 A 0ME =8 ™ 4ot ox E o A oA H
(Jong Gyu Hwang, Jae Ho Lee, Hyun Jeong Jo, Man Ho Kim, Ji Hun Park, Suk Lee, and Kyung Chang Lee)

Abstract : In high reliability systems for industrial network such as railway signal system, fieldbus protocols have been known to
satisfy the real-time and fault tolerant requirements. But, the application of fieldbus has been limited due to the high cost of hardware
and software, and the difficulty in interfacing with multi-vendor products. Therefore, as an alternative to fieldbus, the computer
network technology, especially Ethernet (IEEE 802.3), is being adapted to the industrial network. In this paper, we propose a
switched Ethernet based railway signal system because of its very promising prospect for industrial application due to the elimination
of uncertainties in the network operation. In addition, we propose the redundancy architecture for the reliability of network
components. More specifically, this paper presents an analytical performance evaluation of switched Ethernet for railway signal
system, and shows experimental evaluation of redundancy architecture.
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Fig. L Network architecture of railway signal system.



1242 MOl - Aks3t - AIAEEE =2X M 12 &, H 12 3 2006. 12

23 A7) 5[5 2 FTAETA 7S o83 X AF 4 ATk CTCOA CDTSS 29 4Hl= LAN HEYIZE 23
2elo} 18 B4 9 9194 H7 e)e) |77t Hss AAFo] goH CDTSE YF-Z Hlo|HE ALslm A8t
3 Atk = 71%%S FaEth .

B ERNE AR A A2U A% 27 58 718 A% go) A% A2ge cTee] Aol Anel @ Y=
SEA, BE A5 ALY HE A% A T s A5 42 AeIE Aclea H4 % B A%
29AE olryle) 72 1° dot, EH AE A5 Az A& ARE CTeo AFE 7158 BRI} B A=
oA Q7EE AXZ oF AL AAXE oy Ylo] TE AT A7 AR HEVE Aoste] dx) 29 ke
A 4 JdETE A 0‘0‘]'7] Aol o] &2 Y 7|He grsl= A2t 9% A (Electronic Interlocking System, EIS)2}
s WNE SPAT optoR AR NF g 13 BESS CTC Alle) BAS At o 48 A% 3%

o )88 }* o 2 FE P (redundancy)E A5, (Local Data Transmission System, LDTS)® T4 =] ¢lt}. o37]
Xﬂ"*ﬂ FE F29 74 38 A AgAcl oz A A, EIST X A3S 93 24 FA dlY(Local Display
Z3ch Panel, LDP), ¥A] A|oJ¥(Local Control Panel, LCP), A& A%

2 =& AES 285} 5%}9_& T4 9t 27 ZIA7 AujdoR d4d dd#Hal 4 Ry A2 A
M HE A% At tsld 8Re, 3NE 29 5401 sith LDTSE 9] 48] RS FISZRE Yo} CTCE
A= ot % AAAS oS AEF W A5 Asw F3HE F4 HE 715 $A8h o714, LTS 2
o thste] M) agel e 29AE oEiyl ik Ax o1 A AR CTCRZRH Aol ANE 54 wx) 2o}
A5 Asgel 1Y 98 T2 ANNT 1AL BAR o] A7 AnE 2AR SE Aok
o} x|t e 2 5ol A AR 2 &% dAlE AP AR, LDTSS} EIS Alole ofg] 71x] B4l T2EZo] 3

|5 9loH, 10 Z2EZo] 7P Bo] AH&d1 9t 10
IL H5 AlS A|AH ZE2EFL OXY AE SA TZEIZ AAYR B,

Ao e R A% AlXHEL a7 29} Zo| 714 EISE 14%}“ EISE WAst= HgolA glgoid &
AEo] Adrk T, A= AT AL AT AAES ST A F2E /3 Aok &, A7 EISE Az
4 Az G2 "5 Ao FA|(Centralized Traffic Control, EISZ nA|3}o E]X]‘?-j_ FHoZ bR S E BFsta V)
CTO)st A7te] o PAsle] gov], A &% BE 7 £9 W71NAY 10 HE W HoE A WAL AsEh
A(EE 6330-3349)2.2 AHojd Az A& YEYIZ 53 Z1@A o2 JikE 0 Z2EE WA F7139 oy ¥
dA=A Jy7). E TA9} MF vAlA| 9 vlo]E Hao] dubdel FHAw o}

CICE 5% AN ofe) Jle) A& 9A2 9Bae vk $AEe T e
Z FF Aojste FA2A Ex1e] ¢hd 33 M2 fuke E3], ARGl MR A, A= 32, 257 2 7]
8L U 7SS 99ed. cTeE ARAS B} 37 Ao} gl Hdid oz AdEe] gl7] u
T34 2E, Uy BAE, 11 He 26 94 34 AR A ol An] 2 {4 B A, AlAE Ay 3 9 gake
% “43|(Central Data Transmission System, CDTS)E 75 o] oA shar ok

8 6330.3349 [ I
— A% LDP LCP a4
. o CELL S
' e
tha mAp [ | 0TS e
A #ZAHIS
WERE
N
7l & (&
- | B
N s J

AXESHOUFX(CTC : Centralized Traffic Control)
SYYEHESFINCDTS : Central Data Transmission System

Polling/Contrgtgy 1"

AYZHSFX(LDTS : Local data Transmission System)
ZH T AT (LDP : Local Display Panel) LDTS TX »! EIS
HAIHI0| £(LCP : Local Control Panel) RX*Tndication/ACKTX

S X HSEXI(EIS : Electronic Interlocking System)

9 2. o] AT Al2El P
Fig. 2. Architecture of signal system of KNR.



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 12, December 2006 1243

o7A, eddn M2 A3 F2 3778 2914
= oyl UESAZ dAFezs dTHQ HAH B4
o] AZAA T EAAEE AT & Aot =7, 4
A= olHYle 248 vIEH A vlsl HA7} Solst =
o] Hojuy] WiEe] dEHA AZr7IE VEHAR
T8 olstrhs ARE 7 itk

1L AX{E o|c{ulel EE AlS AMAH HE

1. OjEY B} AIXIE o|H4l

ol yle AFE& HEYIZ ¥ AMEHa glow, ¥
@) o] YEI H4d BE AHMEC] dhid]
FEE THI oHYe FFE dhte] FAMTre o] g3t
o] £pAlo] o] Fo|XjE Hho|S(half duplex) 218 ARE-FHCL
Hlo]2 whale 9] ~Ho|A(source station)o] T#H|Y-S F
AEE o ZHgle] B dF=H = BZE AdHoHe
2 $AFE F2E 7R3 Atk o] u, dF Zalde] 4]
7] Aol o2 xHeAEe] $41% A HY, T ZHd
Zte] FEo] EAFTHRI)

aet 29X = oy e I8 by} 2ol Fal 34
A1 3o M o]Fo]R Mol (full duplex) H4)E AR
g}l wEba, 29 AF ool A Fald Zado] EH
2-Ho] H(destination station)ol] 4157 Aol thg Eo]dE
o] £A1L sujEls SEo] TASHK gtk Wyl ofyz,

- —

o

hub

shared circuit

transmission/reception
line

source destination

(a) Conventional ethernet

switching hub

reception line

transmission line

source destination
(b) Switched ethernet
T 3. oMt A9IAE ol el A5 v,

Fig. 3. Comparison of transmission methods of ethermnet and
switched ethernet.

29AE oJrjule 2893 7|&& Ao EN F AR ol
o] zgo]Mo] shte] FHx] ZHelden ZHYS WF
sela s Aol BT & e 290A Bl FEl
wAE & 293 71ee] diEAQd w9 F4 1 AF
(store and forward) '$4]2 2913 | BE ZUA| 2H]H9
2 Moz RE ZYdg SIS T FHA 2Ho|
Aol Al 3|l ALE FRIAE ARt vEel Al 34
o]

& FolH F oM AZH ¥ Al
349 Abgo] B w7k J|tRich ®3, A9 FHo]
SUF 2H-x) 2HMAL 7l thee Z|Qlo] AW
2913 Bl $4°4 vne] AFE & FAE AR &
Az Aeo)d oz AFditt o] F 4
3 3Ho|A A= FES AATHIO0L
2. ARX(E o|HUE MBS HE AT AlAH

AT AT A|xFolA A% GAke] Gdadat A57]7] A
olo] FHog I 49 7L AT TXE 7K 29A=
oyl A& F2E AET: TYlA, 7+ AFe AlA, o
FollolE, 291%], A2 A3, A= = 2 RUHY PC
B 2YAE olrule MH EL IR A3, A3 AT
o] Mr EYA ke dloly] mEE 9t A9 JEE
ARg-gT),

oq71oA, AgtE = A5 Al2E AF FRolAM LAY
= H) Ag A o] AT 8T 210 & UEIEAE o8
Hog AFE Wort vk addA, Hd AF AGE A
2eo)dT Cu D AHoAAE ME thE MH UES T
&= 0] QU T =& AtelolA EAFH

A2 g2 B VEY I AEH e F == A
Ag AQE A f8le B =Fdxe 19 s@% &
221t 2913 FHE F2E o) gIith 1A, 291 ¥
B sl1olE n13 n2 2Eoldo] H&H 9lon 2903 3
B osi2ollE w37 nd ZEoldo] HEEo] vk B3 sudt
sizeE 2913 X o210 2= ok dukEoes, FHo
A% AQde YEHIY HEd ZE 2golHo] shte] &
gHoldog Ase w FAgTE WEA, n1# n2, n3 ZH 9]
Aol ¢ zElo]de R WAXE HFdHs FIE I8 50b)
9} 28 BRI FH(unfold structure)E WA 5 Jon, 17
59 2L gl tholojaAg o83t Hu) HE A4
& Ankg 4 9k

switching hub

plant level
monitoring PC
Lo
cell level  sub network .
Line|converter Signal flag Linﬁonvener

device level dtuator switch valve sensor
(8]

¥ 4 AR AT AEE] AT TR
Fig. 4. Layer architecture of railway signal system.

®




1244

nl-n3 source @
n4 destination

s11  switch
mll modified switch sl2

(b) Expanded structure

(a) Original structure

De
Dy Dp Dy 2(DptDy) (D;+Dy) Dp Dy
i D,
ni, n2 f2
2
si1 fl [ 2 L\,f
21 fl 2 |
= N
n3 \
12 N B il [
" N B i1 12

(¢) Communication delay of expanded structure

a9 s B 294 HEE s 29K ogue) A
& A ARt .

Fig. 5. Example of calculation of communication delay of railway
signal system with multiple switching hubs.

A, 38 514 n13 n2, n3ellA] BAIX]7} S-Alel B4
HE n1d 2ol AAE WA m1F m2e silol] Age
n3ollA] AAE HAIX] m3L s120]] AEH} o2 mle
slTolA 212 A=, m2E 294 12 s120l4 7]de]x,
m3E ME AGE) npR|eto g2 mi 2104 ME Ags
3, m2E JHEHY AR 7o’ F 5122 AdEu) o
g g o R A AdS A, (1) 2ok

D¢ =Cemin +(Ngmax _1)(Dp +Dp)

1
(NQmax -D(Dy + DF) o

(HOA, Cemin SAIZI} 2412F Alole] 17]9] ~9A 3]
B7} ERshs Aol BAsHE HAge] A4 Adejt) o
FOE, (Nsmax- D(Dp + DRy SAIRKS} 2212} 2hol] EAj8H=
2213 389 g net AAHE AF A Folt). drld
A, Ngmmez WIESITOAA FA1Rpe} 2212 Alolol] Az 4=
A Holo] 2914 B Jirh B3 D S4lAbe] B
AZAMEE HE7R|, FBoA ARt BAIS7IA] A
HHE o Ae¥E A AAE Aulsta, DeE T A
Zoll 225w Ad AAE on|git)

PRA O 2, (Nom - 1) (D1 + DR 2913 Bl A==
A9 Aol o]dte] wAlslE Hd Adelt). of 7oA,
Nomecs WIES Tl EAsHE 2903 B Foj)A] FAld A
A2 ¢ e WA Hy AeEA, (FAlRke F -
DE AIRIL €2, 13 sy} 2 FRolA, n1d nd ZH

MO - AS8 - AlABEs =FX M 12 2, H 12 & 2006. 12

o 3748 2913 HBEIT SATFEE, Ny 3°] Hit, 29
7 3B s129] 2709] WAIAZT FAl AFE Nopas 27F
Ht w3 D el Zaldg ASsta A U =
A& AFster) 7R 71k o st AR XA ong
webs, 18 sy} e FRolA HAAE 5 e AE A
AL s o] ALHRTH1]

D, =Cemin +2(Dp + D)+ (Dy + Df)
= 382.6us

@

di¥oR HE AT Al2lolr WARE AAZE A
Ae] A4 F71= 10msollA 100ms F712 A= 533
IAAZ 10ms olloll Af=dA AAIZ oF 248 =y
A ook wEbA, (1) 3 Aldkd oF 04ms2] A
Hx 2% Al2golA AAds]E A dA#] ]
T 228 T83] MEANE F JSS 4 F Jdoh
1= oty 7]ut AX 215 AlxEoA] HAIEE 3
AAL () o] AlFe 2719 VEHIN e
2]l geoll whel AAE . wekA, Az
10msec, W& = AA|X] ] Zo= o] ylofA]
AE doll 1MUER Asla <93 s]H 9 AF
E I3 494 BAFE 384l FAGTHE o] E2R¢ A~
gHolde] & At 4 ek o] uf, 7 HBHY AlSol
A& e F Y zHelde] A £ T 293 3
Bel 5= s "ok wEbs, Foll AAE a7 248
TS 4 = o)A AEle)A £ 3)F do] 143712
Ak}, duka o2 A8 WEL T2 Profibus®] 73 8
ol Mu dEY T HEE 4 gl AdHolMe 471 127
ek AT and o), 14370 2 2eo|de] sl
ol &+ il

wx oof L
o2

fo o ®
>k

[
)
Ni

¥o rlr ¢

Q

o ¥

£

B N 3o ofr
8
tlo

lo o 1 2
j&—*‘l‘g‘rN
rir

D¢ = Comin +(Nsmax —DDp + D)+ (Ngmax -~ ND; +Dp)
10,000 =200 +[(5-1)(1+576) + (NQmax —1)(96 - 576)]x 0.1
Nomax =143.4

IV. 29A = oyl 7|9t 1% 38 T2 ¥ A% 37}
1. 292 ol E gt 1E 58 7=

E HdAe 2R oS H43 AL U5 AlxH
oA el sFHoR UHE = Jv 17 67 B uH
&8 T2E ARKIh A, 1 34 FRE H= A
3 A xEoA gidio g A" = 9l vl AE(master) 2=
Holdx A2 A7y 25772 AHEE = e veee
<#o|H(slave) o4, nlAE AEo| A &¥o]r X¥|
o] de] FAE JAss 4T AZE T Y =93 FE
(switching hub) 2.2 /g ¥]o] ot

4, & ZHoldL YT 75 7K E Y] Jie bE
=2 QEjHo]A FF=(Network Interface Card, NIC)E 7}A™



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 12, December 2006 1245

Master Station

NIC1 NIC2 NIC3 NIC4
stack connection
Switching Hub 1 1« »  Switching Hub 2
synchronous architecture
NIC1 NIC2 NIC3 NIC4 NIC1 NIC2 NIC3 NIC 4 NIC1 NIC2 NIC3 NIC 4
Slave Station 1 Slave Station 2 Slave Station n

a9 6 AR AE A2ge] 2944 oldug A 17 e T
Fig. 6. Fault tolerant architecture for switched Ethernet in railway signal system.
SA% HAA2 ) 7H91 NICE E3M Z47ke) 2914 BB sl 2913 SBE Tl BYF AAAS FRo 4
g B3 dAAE SR G2, Sulolr ZE oA 19 ) & <do]B. AFo)A 19 1 Nicg} 24 NIC~ Kad
A pHE 3 NICE éﬁ%‘ FH 1& F3 st WAAE 2913 31 17 28 B3 thE 2EoldF Falgitt ut

FaletaL 29 44 NICE 2914 8B 28 B TU
HNAE ST, ol ol vl ARe) NIC B
& wAAE FFAgeEH, NIcY 5 ? SR ch i
g olal, £41 wzsh 2914 Huel FE T2E 74Y

F g7] Wzole, E4, o] A9} NIC PEE I'JJ o ke
EFE AL £ o el NIcAN FAEE A
Ag vmslel A ¢ L AAR 5 Ax 75E AT

Al

rrl AR gkl HAAE S 5 o Bk F S
2 A o 1 2| FolA 7 A AAA gel S A

2ol E4 wAA] e Y F WAA R wdste] O
HAAE A oA HAXE o] &dte] HF AA[S
93t B9, 2] @A ARgEe A4S pC &
NIC 7}=7F AZEa o™, 32bit A8 PCl (Peripheral
Compornent Interconnect) %8 A|¥U3h= A|1EFS stz
o] X NIC 7Z& IdstA 758 5 vk
o2, T8 B 7R 4 e 1%
i \—E}\:J-ﬂq, of7|A, Ztzke] ZHo]H 2 v

44 388
7He] NICl|

A FE W2E il LT AARE F e 29 e
2 %?ﬁf&‘i}. Z, sdolB 2ol 19 19 NICcg 33
NIC7} S5% BAE S8 29% 5|1 12 S48 o
ol 1Hely 3% B A T skl FJJOl Elee sk

A~
AAAE AgHoE S

2 & Yok Fal, 2 =Rl
AR B vl FEE FE
o]

C F2E ol Az 7hgel
B W2 728 7E
Wb Bad ek 348

2l
=5 F5& NIC
T e 7Isolr] wieel
oL}
713

u]_;qtﬂ-__i = 9] 29A B 2= ulaE ZEolA
B SejolH. Eold Alole] BAE FAlG: 291 =
9 14 B8t 715 Faact Aol seolde F

2hA, 293 B 104} 2 FollA] kel 3ge] st =
zgloldoll A F213 MAAE AdH ez 48 § Ak

Aoz, B =FoA AT NIC, H=sh 297 dl8
o 32 2= dede] el AR 19 H8E 4
Atk B3], ebdat Wy #Eo] e Ak NS Aj2Rd)
Zﬂ‘?l’i 17 &8 TERE FEE AR A4S A2"E T
ghe QadA BT S e 1S FHIHLE 58E
91‘:]'. &3, A Pl 7FsE 2

£ 78 5 3o HEFHA S 7Y
o|AS 714 4 AUt)

A20x|= olHY 7|k DH HE F=
—E— Tl At 2= ool 7k A& A5 AlX
Ho] 2 3E & 4T B 3t 29= o
oYl 7Rke] Ay wde 7SIt A ZHlellA, shtel
uhiE ZEoldd} Al i) sdlo]B. Avo)ldL dxt PCE
ARSI L NICE 47]¢] E%E EdAE] Ao 7|(transceiver
controller)E A U&= Y BeckhoftAF2] FC 90045 A18-3131
o 294 sEE 4 9 S wHos A 16 TE7HA

A 3= 3comAFe] 3C16470 Super Stack@3-S A3t

AYL seo|n zuo]de] Zzke] NICAA 1ms (HH 2
25,0007 “’]’\]7‘13 AFehs o sYsigict A |
A dARE 13E AFsta shby F7sked 5,000 A ol
A= 500080 Xd—é— EF SIQITh 3 Y 58 H%E
<= B7ksk] flsto 151%% Axtsiict. Ae AdE
A A2} Falol]l Adgdt wAlxe] vl= Aelsta, 1,00071<]
A2 7F S -7:5 Aoz ARG &, viaH &
goldelA A& AAE dAAS} Al AT wA
9] v2 At wpAgo 2 AL NIC, T4 W29}
2913 s eAdE S BN F A7) w7 8

Z[:
:fl.
1

o| M= HI}



1246

125

100 —— ) 4 4 | 4
£
s
=%
=
2
s 50
= - Master Station ‘
&= i Slave Station 3 NIC 3;

25 <

i 2 3 4 5
Second (s)

¥ 7.NIC el g o 518 e W7t At
Fig. 7. Result of performance evaluation of fault tolerant with NIC

fault.

125

100
£
s 7
=5
=
20
2 s
E -&- Master Station
- & Slave Station 2 NIC 4

25

1 2 3 4 5
Second (s)

I 8 W& el oigh 1 &8 45 F7F Aot
Fig. 8. Result of performance evaluation of fault tolerant with bus
fault.

125

100 —'*—O——TQ*Q—
75
50
-@- Master Station
-B8- Slave Station 2 NIC 2

1 2 3 4 5
Second (s)

a9 9. 293 §B 2] dig 3% 3§ A Br Ao
Fig. 9. Result of performance evaluation of fault tolerant with
switching hub fault.

Throughput (%)

4 AsS kst 2]
¥ 72 NICS} 17 F8 TS B7H] fste] e
o] AFeA o] H 2Eold 3«1 A HA NICE AR
Z83 2459 A d5E Jelga vk TR, &)
o8 ~gol4 39] A ¥R NICE t=F 231284 HAR] 7}
SAEE ol AR T8I HUeW, A2&o] 31.2%7)

MO - As3k - AlA

gast ==2X M 12 &, K 12 & 20086. 12

=] oS HRI3lit) o] %, &jo]B Aol 39 A ¥
A NICE YAz o Vl%: FA8A Eate] A gol
%2 FAES EIsSIth kAT EdlolB 2ol 39
A A NICE A3 YA NICE AdEoE galg
FA1B7] Wi, vk 2Elolde] AHEE&2 50008
HAX 7} A2 7R 100%2 189S @i 5,
EwolA A S5 F3E NICH 3173e] dAsdx
T} NICOA *AWb HAIRE F3l AR NIC 75
FE = 9SS FAith

Iy 82 B2l v 1% HE Hes Frkkr] sty
dole] AHA £Elolr XE|olAd 29 Y] WA NICet
Ao e W28 AU 499 HHE d9E vehan
ULk 17l A, LElo|u. Aol 29] Y] WA W i
3,936 A HAIA]7E FAEE k] AP o, 100%2]
AEEE 7 9 o] HA NICE 4204 93.6%= Hol
AL BB o, &Hlolr 2HolA 29 | WA BlA
AFH oz fARE FAIEHA] Zote AgE2] %= W@
obAlg FRISIAT) AT, SdlolH AH ol 29 W] WA

28 A% YmA Bias ZAHOR diAXNE 415
7] wEe] vi2E AHolMe] A& AlLIIA 100%E
FABIAT GA|, Al S5 F2E W20 arge] wAst
AL AFAL 715E 94 F Av TEYES EIEITL

u}/qm__i I8 9= /\Hzl z;]ti_,] 1 38 A5S 9
72l $1ste] dejo] AHA 294 HH 29 HEE 7
A2 FIAT Ao A& AI4E veRlz Qloh a9
A, 293 B 2= g 3,084 % WAIA] FA1EE eyt
AR FRHEYOH 3% o]T A &) 84%71H] wWolAL-
getstgich ]?7 2A90A FH 28 FAEE M HAAE A4
Ao FAeHA] Fate] A&l 0%E RoldE EIss
o}, SATh 293 FE 12 HgHeR ukiE] A o)Al
YA E FAEI7] wlEo] vkAE 2Holde] Xzgd
A& 100%S A 5FAT

oldel AY ANE B3, ¥ =FolA Aok 29H =
oldy 7Nk 37 #§ T2 1P| YA 1S 3
S3td FAA2 715 E AT 7 USRI =3
29X E ojgiyl 7|dt A® A]S A&EE AQM HE 2
2 s, dAx 23S Alzgle] gl uigl &2 Al
A4 71 = 98 Aok

o]

FFI

rir

Oi

O

[o:

?

v. zs

£ 0 Sgs ol e U A5 A
28 Agtelgion, Ao} AF AR o|EH o AN
3 7}%@% gelsigich. E, SAAE oy 7w
A% AE A2YS] Y 8L AT F2 TEE ALY
AgHos Py B we 45 3

8 Fio] thet 2L RS 92+ Ush
WA, 2AAE olede] Bl HES o]§at o gl
Aoj A% AAL AR A3k, 2AAE olEde Aw A

5 A2 8TEE QA 20S B w5 §
QBT 53], AR AE ALHelA L7 o]
Zot AN 8T e A4 2P, ud 9
Hes VL % a2 FAUsT



Journal of Control, Automation, and Systems Engineering Vol. 12, No.

S5, ~9= 0]1:—]‘—1 76 A% AE A 2" 14 3
S A% T 72 APE Tt AR wE
JE e 61% T d5S FAEAT 53], AR F
8 72E 718 wEE AES o83l g4 FEE &
Aok RS 73 Yk

T2, ¥ =RelA AU 2= oyl sk Aw

AT A" FE FE AA AT 7)7E o438 A
< W7k FBksith wEkA, AR A 7R FEE A
H RdloA 1ol WA HLol g 34 A% 74%—

dasitt 783, defgh Ak 2T AlAH oA el
4 ¢ v vkt g F¥l digk Aot 2asit o
g WEYIANA 37go] HA3E YEL T tiE
T4 1EC61784-39014 Hold 1 FE¥S WEHAZ

o |

= vl
= %5 Tzl U @7t eF Aotk

0('0=1_‘

Ty fs ru
o i ¢

o236
[1] K. C. Lee and S. Lee, “Performance evaluation of switched
Ethemet for real-time industrial communications,” Computer
Standard & Interface, vol. 24, no. 5, pp. 411-423, 2002,
[2] G Kaplan, “Ethernet's winning ways,” IEEE spectrum, vol. 38,
no. 1, pp. 113-115, 2001.

3] BT, oAE, &871, WEE, HEAsU P53

ARAELL 93 EAl Z2EF AENE b‘%é_\,:_@}
%%é}, A7, A2E, pp. 114-119, 2003.

[4] o|A%, “HAAT A} o FrALGXZ

Ei»ﬂ 1

o

28 9% oY T Y 83

c

g3

19943 ZAZgn A7|Fe =4
1996\ & thatel AL 20059 gt
St AR S WAL 1995
~AA = ET|ERdTd ARl
TH AY A7 BReRs e A
T B4 7ls AHFH S R vES
= 71E, A Aol kA Ve

=¥

2003d =gt g das s
£4. 20053 FFH7|AGIST) HETF
21883 AAL 20053~ A] ST
=47 dAAeIATE A7 B4
ok AE 4% 84l 7|E, 4AA
A 7l

[ea

(10}

(1]

[12]

12, December 2006 1247

A=A, A6, A23, pp. 135-141,2003.

PET, o1FS, OMR ADGE ABLAA YA
Fault-tolerant 2ASE” 19992 FAISt=th 8] =%-4, pp.
299-306, 1999.

WA, WG, olAEF, 1714, “FTAETA 71
& AmAzAsYel 98 24 2 494 Bkl B
AT, 20023 % FAI 3] =33, pp. 473480, 2002.
=7 T, tﬂ-z]_g_ BL:HEH “«Hz AZTAAHE 3 A=
& B4 ZREZ ey 2 A3 tirIEs
=3, A567, A6, pp. 380-387, 2004.

“Part 3: Carrier sense multiple access with collision detection
(CSMA/CD) access method and physical layer specifications,”
[EEE Standard 802. 3, 2000.

W. Stalling, Local and Metropolitan Area Networks, 6th Ed.
Macmillan Publishing Company, 2000.

B. Y. Choi, S. Song, N. Birch and J. Huang, “Probabilistic
approach to switched Ethemet for real-time control
applications,” Proc. of Seventh International Conference on
Real-Time Computing Systems and Applications, pp. 384-388,
2000.

o143, o 4, “TplE TEE 7ML G 29 o
el e] AAZE AE 54, Ao - AFss) - Al

gra] =723, Al 1038, A 83, pp. 718-725, 2004.

kx| E vkE YA, e, <] YA LAN o]F

2 olg
3]

|
Eiey

5 RES U UEADY S5 L 7MY B e

Aol - 53 -
264-269, 2002.

A 2E38E] =23, A8, A3, pp.

ol &

1987 FeojEw HAEEE £4.
19893 & thehg AJAL 2005 )
stul v|ytE 2y Asky) vl 19953d-8
A FAHET AT GAAloIA T
Al A7 IRk A 43 F

A 7N, a4 AR AE kg 7le

Zots

2001 Fobgta ZAEEHE 4.
20023~ A FAEn A 571 A1 E
I Aupat 8 24 A 20063-8
A NAESATARAE AYdaTd
Tk AE YEAT, dwid=
A28, 1% 8-S A% FH 7E

)



1248

ut x| &

20041 RN ZAIFEE &1
20043~FHA| A7) AlEE Aukil F
A AShFE BARoRE AdE )
EQA A4S T vEHA, FuE
4.

ol & &

1971 59 194, 19963 FA Sk
AAEE T £4. 19989 5 diskd
AAL 2003 T oiErd HRAL 1998d
~2003d ZIAITEATEEAY AdA
T, 20033~20053 AR YEY
A7I9 23 AFME AdA T
2005~ A FA S Ao bEshE st AUAL HAIE
of WA AIE ot A8 MEYH, & UES
A,

MO - As8 - AIAES

oo
}

-~

A=, F vENA

st =2K M 12 A, M 12 3 2006. 12

ol 4

19848 AMEgigtn ZAFEE &
19851 Advhol TG HAL
19901 & gkl =L 1990:9~1993d
AANE g 7)AgEs Zusg
19936~ A PNl 7] A1 e w
T ARk dEHA AEE YE



