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Abstract In this paper, we propose wired and wireless distributed control systems designed to improve the freight
logistics efficiency and verify wired distributed control systems. The verification condition required that 50 cargo
vehicles be connected and operated to travel 21 km from Busan Sinhang station to Jinlye Station at an average speed
of about 100km/h. The verification results show that the traction output and braking output of the control and
controlled cars are dispersed by the wired distributed control system. The application is expected to more than double
the efficiency of the logistics compared to the existing freight transportation system. However, in the case of the wired
distributed control system, cable installation and maintenance are difficult, and it is impossible to change the
combination of freight vehicles. Through the verification of the wired distributed control system, the applicability of
distributed control systems to freight vehicles in Korea was confirmed and the system was further developed to
produce a wireless distributed control system. In order to apply the wireless distributed control system, a propagation
environment analysis for the ISM band was performed in the testbed and, as a result, it was confirmed that Wifi
technology using the ISM band could be utilized. In order to use the WDP (Wireless Distributed Power) devices
newly installed in the target vehicles, the transmission / reception control signals associated with the propulsion /
braking / total control devices are defined. In the case of wireless distributed control systems, the convenience of their
application and operation is guaranteed, but reliability and emergency safety measures should because of the
dependence of the control of the vehicle on radio signals.
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(c) case 3: Proposed heavy haul freight operation(>33 units)
Fig. 1. Example for freight operation in korea
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Table 1. ID 8500 vehicle technical specifications

Description
AC 25,000V 60Hz

Type
Electric feeding

braking Electric/air braking
power of traction 450kN
control VVVE-IGBT
Signal ATS/ATP
network TCN 2.0 (MVB, WTB)
Appenance
2.2 X AU/MIS QUEmolA 74
85003.tH }abl A/ AE} #EE A= Fig 2
of 7o) 713AL A HFHE 1% T30 7] (Master

controller), L‘J](PCC Power converter), 45355
18t A58 5 (Braking Handle), A% ”](Braking Unit)
I AEE FEA sk FAICIEAI(CCU,  Car
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Computer wnit)y2 FA¥TE CCUE MVB(Multifinction
vehicle Bus)® PPC$} braking unite} F=7/#oj = 2
AR S 18T 85002 1% TEC61375 TCN(Train
communication Network) WG43 part 2[5,6,7], part
3-1[8]° W= backbone¥} consists WTB(wire Train
Bus), MVB® 315t} &, A 21 &

2

WTB, 2R £41& MVBUHA o2 AHT), T3 7
IAEZ 05V obdZ 1 YF(AD, ZS On/OFF—t— =)
A" gE(DholaL, A7) 3 F7]AEAH2 CAN F4
o) ATk
wTs
Master Al Ccu
Controller S (car computer Unity Braking Handle
CAN
Powet Bral
Conwr:er MVE WVE g Unit

Fig. 2. Block diagram for traction & braking I/F of
the wireless distributed contorl system
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Fig. 3. System diagram for wire distributed control system
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Fig. 4. System diagram for wireless distributed control
system
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ISM tdol] thdk FAeH S B3 AN 2 Table 4. AP/STA Channel on test line
A8-3] 3 O AT 707 93]
s AirMagnet Spectrum & RFAS 7 ik Ch 1 section 2 section 3 section 4 section
AR 9 &, WLAN “d59 93-S - interference AP | STA| AP |STA| AP | STA | AP | STA
. . . . CH.1 | 29 10 15 26
Z}FH] AR _ -Wi- -
gu] A (Wi-Fi and non-Wi-Fi), AirMagnet Wi-Fi CHo 2 r 1 1 1 S 1
Analyzer A'dW AP/STA 715, 1] 2 o]z &l CH.3 3 2
sl7] §18 A o= AirMagnet Spectrum XT 442 th& cHa | | 2
CH.5 4 7 6 2
¥} 2} CHG6 | 4 8 5 2
- Frequency Range : 2402 ~ 2494 MHz / 5160 ~ g;‘; . ; 2
5330 MHz / 5490 ~ 5710 MHz / 5735 ~ 5835 CH.9 4 3 2 7 2 4
MHz CH.10
e CH.11 5 7 10 6
- T’:aﬁﬁ‘(‘—{ﬂ’é_‘r}\\i)‘:ﬁg—lﬂ% : 156.3KHz CH.36 2 2 1 1
- AU : 0dBm crat | 2
o CH52 | 1 1
- 229132 AI7F : 1.92 sec (20MHz% 64msec) Creo | 1 |
CH.149 | 2 2 2 3
' CH.161 | 2 2 3 3
Table 2. Radio Channel
Band Frequency Channel ) .
2.4 GHz 2.400 ~ 2.480 GHz 1~13 oo vl LELL,
5G-A | 5.150 ~ 5.250 GHz 36, 40, 44, 48
5G-B | 5.250 ~ 5.350 GHz 52, 56, 60, 64 “”
a4
5 GHz 100, 104, 108, 112, 116, i
5G-C | 5.470 ~ 5.650 GHz 120, 128
5G-D | 5.725 ~ 5.825 GHz 149, 153, 157, 161

Table 3. Radio propagation plan for ISM

Type Description
band ISM(2.4G/5GHz)
tool AirMagnet Wi-Fi Analyzer
AirMagnet Spectrum XT
l Jilye staion
Target line
[ e Bus;n Sinhang Station | A

WA A AP/STA AR Ad P32 table 491 720
24GHz W92 11 AdS AHg3tE 4719 H2-E AP
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(c) sectton 3 (b) section 4

Fig. 5. 2.4GHz propagation strength
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Fig. 9. 5GHz propagation strength in section 4
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AAE $lste] Fig 102 7] CCU, Braking unit,
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Table 5. Payload(control data) for Wireless distributed
power

Interface description

‘WDP<->Braking unit braking(electric/air) input

speed, braking data, operation
distance, matster car data, pantagraph
data

WDP<->CCU
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Fig. 11. test condition for wire distributed power

Table 6. Result for wire distributed power

test item Pass or Fail
communication condition Pass
pantograph fuction Pass
MCB fuction Pass
air pressure control Pass
braking fuction Pass
emergency fuction Pass

o

Fig. 12. test result for wire

istributed power
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