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Abstract

In this paper, we propose a suitable network topology for the Ethernet based Train Communication Network (TCN) for
control system in a autonomous multi-articulated vehicle. We propose a network topology considering the structural
constraints such as the number of cables and ports, and the performance constraints such as network response time and
maximum throughput. We compare the network performances of star topology and daisy chain topology as well as hybrid
topology, which is proposed in previous studies and a compromise between daisy chain and star topology. Here, the
appropriate number of nodes in a group is obtained for the configuration of the hybrid topology. We first derive estimates
of the network performance through simulation with different topologies, and then, implement the network by connecting
the actual devices with each network topology. The performance of each topology is measured using various network

performance measurement programs and the superiority of the proposed topology is described through comparison.
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Fig. 1. An example of multi-articulated vehicle (Bi-modal

tram')
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Fig. 2. Components in the control assembly for a
multi-articulated vehicle ((a): COU, (b): DIU, (c)
: TOU, (d): 1O Tester, (e): CCTV)
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Fig. 3. Network topologies for target control system in

the multi-articulated vehicle ((a) : daisy-chain, (b)
> star, (¢): hybrid)
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Numberof generated packets
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Number of generated packets in the sample video
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Tablel. Expected transmission delay(ms) by simulation.
Node DC?:;S;; Star Hybrid
DIU 3.85348 3.120372 3.191384
TOUL 3.07976 3.082393 3.085723
TOU2 3.162177 3.089403 3.095072
TOU3 3.263952 3.11853 3.121925
TOU4 3.2992 3.078352 3.08274
TOUS 3412343 3.117885 3.12318
TOU6 3.464676 3.097512 3177678
TOu7 3.541566 3.099853 3.180521
TOUS 3.604058 3.0906 3.168398
TOU9 3726938 3.138251 3.22071
CCTV1 24.39263 23.94292 24.39262
CCTV2 2451033 24.06062 2451032
Avg. 11.21781 10.83864 11.03117
Avg. of

control/sensin 3440815 | 3.103365 3.144733
g signals

o] EZR2XAd| thate] CCTV Holg A% w2 COU
9 TOU 7+ AF AAAIEe] o S3ks -3t

CCTVAlA 5= 9% dolHe 94 el w
2 45 2&ol wel oy Aol WatA dnt o
7= AE NY e e 2Eske] CCTVOIA 2
Asks 4 dolHE R8s E‘r Z*"% S AlLEe
S frAbeE o] B HEg Axle] CCTV H
olHE &Eatloer 17 4o Azt w}c R R
e YERAITh

F 12 47 EEEA ) diste] 7} mEdae] A
& AR Fetg debd Aolth dAl == 3 it
& Hashy A BEERA, slolHeE EERA, go]



110

>
1o
+
0dt
ogt
Il

Aojx 7] wjEolth. & 1914 TOUI'9: =¥ 39
TOU & LEZFEH AR d&Fow wAHAISS
Folato]of gt} o 71 HA COUSH 7M7he A
of wl ME7t wiAR oW A A2yl
o= Ak ol WA Aol met b wiAZI A
AA AR F CCTVOlA ] A Algto]l 4| o] d
o[E] Ao]=7} AN AE AIZHE SE7FA AlZRe] B
o] 2857 wiolt} o]Z A3 Ao F AN NE
ghe] A AIRES vl 9 sfolHeE EERA| e}
2B} EEZA] (ko] AAAZE afo] 7} @hEET o] oF
1.3%e°l &3}t

1:%134

L giley|

[\
5

w0

o
=
1o
®l
o
>

£
o
rl

Q
G
<
=2
2
lo,
=y
Py
=
o,
o
o
oX,
ot
q
o
()
o

[
o~

o
o
=
e
o
BF
e,
ol
N
&2
X
o
it
2
>
N
2
Mo
o
=

Al&

Iv.

oo
a

=

Z7te) B22A 92 MEYA 45S 3
wal B} oj7lol M UEYA A SAYHoR
¥} iperf& ARESt] 1 ARE ARE ST P
S AEN A E& ]9 [P(Internet Protocol) 2] o2
28 & Qlertes Este o T AE X
of WAAE Ha 1 go] Eolo A|7FS

[k do oxt X
ook Nt

it

WA ko] SAH R Adsh 34 93]
2391 hrpingS AH&-8F Yl Hrping< cfos software
oA A Ztek =z agolm o 1 HA|A] Fol #sle] of

o] AAE & 5 Al FHARME ps FEE S
Hop A9 e gd 5 g

Ping 9|9l % iperf& AH&3dto]l Hss S =H
iperf= oltful MIEH A & 24 7Fed A AEEFS
ZAehs Zeadoltf, Iperfi= Awie} Felo|dES
SAstaA sk HEYAY k= F ool HAF 5
Adgetel MEAD 458 9A & 5 Slk

2 A A= oA AAIS 37HA] HEHA EE
229 %S HlustsE Ao R & o] w 7]Fo] g

R RIZE OlCH! TCNS| 214 EZZX|0f et Ae

(952)

|SHKX AH

o
ox

JEf 2

q
o == |

Ol

a2l 5 ZH EEZX|of et L= H ME XAz B2
(a2 ZFEHEXY
Fig. 5. Distribution of transmission delays for each node
for star, hybrid, and daisy—chain topology (averages
and standard deviations)
. 2 CCTV
== Star
=Hybrid
==Daisy-chain
0.8+
£06
=
©
Qo
[=]
o 0.4
0.2
O L L J
0 20 40 60 80
Packet delay (ms)
a8 6. ZF EEERX0| st =E ¥ ME X|odAZke] £H
23
Fig. 6. Cumulative distribution function of transmission

delays for each node for star, hybrid, and daisy-
chain topology.

d Bi-ModaIityTram
Distributed Complex Control System

T 7. Al 2d AR Al - e
(Cou, DIU, TOU, CCTV)
Fig. 7. Picture of test environment: Test Jig and network

components(COU, DIU, TOU, and CCTV)



20173 68 Mt
Journal of The Institute of Electronics a

. ZF EERXY HEY3 M5 5820
Table2. Measurement of network performances for different

topologies.

Daisy-
chain
14

Features Star Hybrid

Total(V;)

Ic\I;BleOsf Inter-vehicle 9 6 9
(V)

13 14

No. of
ports
needed in a
device

Max(Py,.) 2 1 1

No. of maximum

nodes intervening(V,,.)

Max(7,,,)
Mll’l( mm)
Avg(T,,)

Std. Dev.
(UT)

11 1 2

55.275
1.346
3.847

20.110
1.308
2.270

21.256
1.682
2.628

Response
time(ms)

10.086 | 3.500 3.664

Maximum Throughput
(Mbps, MT)
Cost function
(Cop= WeN,+ WpT,,.)

avg

94.7 9.0 94.9

21.235 1735
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