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Fig. 1 Schematic diagram of mixed behavior network equilibrium model considering combination decision under elastic demand
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Table 1 Network equilibrium solution in the single-OD route network
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it #H AT AR R AR LR S, WIERATIRA T —
HV AV-CN AV-S0 HY AV-CN AV-S0 =571

1 27.34 13.67 0.00 41.01 10.93 11.05 21.31 —

2 24.76 14.73 0.00 39.49 11.01 11.05 16.39 —

3 2.27 7.38 10.19 19.84 13.00 11.05 13.14 —
Bt 54.37 35.78 10.19 100.34 10.35 11.05 13.14 100.34
JrASMER| 54.19% 35.66% 10.16% 100% 54.21% 35.63% 10.16% 100%
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Table 2 Results under each system evaluation indicatorof different market structures (taking a potential total demand of 120 for example)
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(EDR) HV-SUE AV-CN AV-SO AGTC ARG A HV-SUE AV-CN AV-SO
SUE 74.54 1.00 0.00 0.00 10. 11 — — — —
SUE-SO 76.35 0.60 0.00 0.40 9.31 0.328 0.415 — 0.195
SUE-CN 77.43 0.55 0.45 0.00 9.05 0.314 0. 407 0.198 —
SUE-CN-SO|  79.05 0.48 0.37 0.15 8.83 0.232 0.344 0.179 0.002
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Fig. 3 Multiple OD-pair network in the example
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Table 3 Parameter settings of each section of the multiple OD-pair network

N i1 7 e £t o i 76 K 4
s (veh/min) (km) (km/min) s (veh/min) (km) (km/min)
1 200 3.5 0.5 6 300 4.5 0.9
2 300 2.0 0.8 7 250 8.4 1.2
3 300 4.0 1.0 8 300 6.6 0.6
4 350 1.8 1.2 9 300 11.4 0.6
5 300 2.5 1.0 —
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Fre sR AN 5K, TR 5838 28 40 T 51 MR 2%



— 152 —

wom

¥ o i

R SRACE 5 e VAV T30 B R . S TR
I, NI SORAS B TF AP 24 JEORUAS 24 °F- B2
W ETh X4 RGN H AL AV T B ERN
AR XTI RUBGBOR i T, AV AT
W55 A B B R A 3 B D O TR A 5Tl
AGRCREARMAL ALK X — R

(a)

T A ISR AT RE I < Bl o SR i O, R 4% 28 15
I, [F OD Xf T~y AV-CN 5 AV-S0 #ifh
HAT IR 55 5 ESE A rE S T AV L HTE, e
X7 A A B8 S T I s, TR 1 AV
AT 55 BEAS 1) AR A B, RT3 B0 AV £33
FEAIG.

(b)

B4 AV HABE. FEREEAFE, FHUEAESFHRARAFEEET RARNTLES

Fig.4 AV share, demand response level, average generalized cost, and average perceived inequality change with demand size
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Fig.5 The relationship between AV share, demand response level, average generalized cost and average perceived inequality and AV lane capacity coefficient &
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Fig. 6 Trends in AV market penetration, demand response level, average generalized cost, and average perceived unfairness relative

to the AV users’ VOT parameter ¢.
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Fig. 7 Trends in average perceived unfairness of the three user categories relative to the dedicated AV lane capacity coefficient ¢ and

the AV users’
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traffic environment

QI Hang"*, WANG Guang-chao™* , JIA Ning"", LING Shuai™", HE Zheng-bing’

1. Interdisciplinary Research Institute in New Finance and Economics ( School of Digital Economics) , Hubei
University of Economics, Wuhan 430205, China;

2. School of Information Management, Central China Normal University, Wuhan 430079, China;

3. College of Management and Economics, Tianjin University, Tianjin 300072, China;

4. Laboratory of Computation and Analytics of Complex Management Systems, Tianjin University, Tianjin
300072, China;

5. Massachusetts Institute of Technology, Cambridge MA 2139 -9307, USA

Abstract: In the era of mixed transportation systems, where service-oriented autonomous vehicles (AV) coex-
ist with human-driven regular vehicles (HV ), urban transportation network flows will consist of “decentral-
ized” decisions made by commuters who choose the HV mode, and “centralized” decisions made by AV mob-
ility service operators who assign routes to travelers opting for their AV mobility services. This paper presents a
hybrid behavior equilibrium model that integrates the combined decision-making processes of elastic demand,
traveler service/mode selection, and route allocation/ choice, which enriched the theories of mixed networks e-
quilibrium in mixed traffic environment. Two numerical examples are used to verify the effectiveness of the
model, revealing that the optimal supply mode for the AV service market is a joint effort between the govern-
ment and private enterprises. More importantly, this market structure can simultaneously achieve optimal effi-
ciency in the transportation system and minimal perceived unfairness for travelers. This study provides valuable
insights into important management questions such as what role the government should play in the AV service
market.

Key words: Intelligent Transportation Systems; mixed behavior equilibrium; combined choices; variational

inequalities ; market structure; social fairness



