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An integrated WiFi6 based urban rail train—ground communication system

—system design and field test
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(I.Dalian Metro Line 13 Construction Management Co., Ltd., Dalian Liaoning 100029, China;
2.School of Electronic Information Engineering, Beijing Jiaotong University , Beijing 100044 , China)

Abstract: In October 2018, IEEE released the latest WiFi standard protocol 802.11ax(WiFi6). It
can support both 2.4 GHz and 5 GHz frequency bands with the maximum transmission rate of 9.6 Gbit/s.
At present, WiFi6 has been applied in smart home, radio, and mine construction. However, it is scarcely
applied in the field of rail transit. An integrated urban train ground communication system based on
WiFi6 is proposed. Aiming to the serious competition for frequency resources between production
businesses, the first actual subway line test of the WiFi6 system in the country is conducted on the
Dalian Metro Jinpu Line. The entire test process completely replicates the actual running scene of the
train, including real vehicles, equipment, and actual communication scenarios such as elevated and
tunnels. Extensive test results show that the designed WiFi6 system bears the characteristics of large
network throughput, fast communication and transmission rate, long battery life, and strong AP signal
coverage, satisfying the rail transit business. It can guarantee the reliable transmission of
Communication-Based Train Control(CBTC) traffic and provide an efficient transmission path for Closed
Circuit Television(CCTV) and Passenger Information System(PIS) traffic.
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Tablel QoS requirements of urban rail transit business

business data rate transmission delay/ms switch delay/ms reliability needs
CBTC 200 kbps 150 150 high
PIS 4~8 Mbps 300 300 low
CCTV 1~2 Mbps/per channel 300 300 middle
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Table2 Test equipment, software and instructions

test equipment and software synopsis amount
laptop to generate traffic at both ends of the network, one of which sends the data stream and the other receives the data stream 2
flow generator to generate background traffic at both ends of the network, using IxChariot data flow test software 2
FastPing to test network latency, packet loss, etc. 1

IxChari at the application layer, the network comprehensively evaluates the throughput, delay, jitter, packet loss, and packet error, )
xChariot
and conducts simple and reasonable analysis of quantitative data with detailed test reports

#3215 £ KA

Table3 Test network equipment and instructions

network equipment synopsis amount
wireless controller to manage trackside AP 1
trackside AP trackside wireless equipment, capable of carrying high-reliability, high-bandwidth wireless networks 20
antenna system panel antennas, power dividers and RF cables, etc. 20
onboard AP in-vehicle wireless equipment can carry wireless APs with high reliability and high bandwidth wireless network 2
vehicle antenna panel antennas and RF cables, etc. 2
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Table5 Statistics of packet loss test results

cases number of sent packets number of received packets number of loss packets packet loss rate/%
front(Puwan stadium) 206 206 0 0
front(Shihe Huangqi) 257 256 1 0.39
rear(Puwan stadium) 181 181 0 0
rear(Shihe Huanggi) 252 252 0 0

the PDF of the transmission latency the CDF of the transmission latency
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Fig.9 Probability density distribution of transmission latency Fig.10 Cumulative distribution of transmission latency
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Table6 Statistics of packet loss test results front (Shihe Huanggi)
number of number of number of  packet loss = rear (Puwan stadium)
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Table7 Test results of effective transmission bandwidth 04 | |mmrean(bivag stadiun)
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ShEYE
.. . ~03
minimum maximum average
cases 02
throughput/Mbps  throughput/Mbps  throughput/Mbps 01
’ OB
front(Puwan sadium) 225.234 831.159 569.429 00 200 40 = 600 800 - 1 000
front(Shihe Huangqi) 281.734 1033.761 597.692 throughput/Mbps
rear(Puwan sadium) 476.986 913.539 656.461 . . R
rear(Shihe Huanggi) 548.086 1027.829 659.306 Fig.13 Throughput probability distribution
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