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layout of shared autonomous electric vehicle (SAEV), a multi-objective nonlinear programming
model was established, with the objectives of minimizing the SAEV fleet size, total vehicle travel
distance, total passenger travel time, and construction cost of charging and parking facilities.
Based on a time-expanded network, the dynamic OD travel demand of passengers, the dynamic
scheduling strategy of the SAEV fleet, and the spatiotemporal displacement of passenger flows
were described. Furthermore, the capacity constraints of nodes and arcs in the network were
utilized to characterize the congestion effects of charging and parking facilities in traffic zones and
connecting roads, respectively. Distinguished from traditional models, several constraints were
considered, including the charging demand of the SAEV fleet, dynamic conservation relations of
charging and operating SAEV flows and passenger flows, ridesharing passenger number limit,
and capacity limits of supporting facilities. To improve the solution efficiency of the model, linear
approximation and linear equivalence techniques were employed to reconstruct the model into a
mixed-integer linear programming model, and the Epsilon-constraint method was used to solve
the Pareto-optimal solutions of the multi-objective model. The validity of the model was verified
using the travel data of the road network in Chengdu, and a scenario comparison analysis was
conducted for different numbers of ridesharing passengers and ratios of fleet charging demand.
Research results show that when the number of ridesharing passengers increases from one to
four, the total vehicle travel distance decreases by 77. 87 % ; the fleet size decreases by 88.56 %,
and the construction cost of supporting facilities decreases by 96. 80% , but the total passenger
travel time increases by 125. 46% ., which indicates that operators should select an appropriate
ridesharing strategy to ensure passenger travel efficiency. When the proportion of SAEV charging
demand decreases from 30% to 5%, the total vehicle travel distance decreases by 10. 77%, the
operator fleet size decreases by 3. 69% , and the construction cost of supporting facilities and total
passenger travel time remain unchanged, which indicates that improving the SAEV endurance
performance has great potential in improving the transport efficiency of SAEV fleet and reducing
the operation cost of SAEV f{leet.
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Table 1 Assumed land values in cluster areas Tt
X 38 ria X #rid X 35 #rfd
1 12.342 11 11. 806 21 14.663
2 15. 453 12 18. 546 22 19. 389
3 18.642 13 6.530 23 6. 947
4 7.094 14 18.505 24 9.417
5 15. 614 15 6.516 25 6.513
6 18.561 16 5.284 26 13. 496
7 11. 285 17 16. 947 27 18.591
8 9.712 18 12.015 28 11.924
9 17.399 19 5.722 29 11. 338
10 6.646 20 7.190 30 8.036
x2 HftsH

Table 2 Additional parameters

S8 /li].mﬂx/veb Yiomin/VE | Viomax/ P& | Riomax/veh m ﬁ/%

i 80 1 10 80 10 30
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Fig. 7 Multi-objective model solving results
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Table 3  Test results of different ridesharing numbers
o/ N Fy/km Fy/veh Fy/TI0 | Fo/uf%
1 54 545. 14 1355 19 199.02 | 26 960.00
2 23 722.51 475 9 906.69 | 38 152.77
3 16 337.45 205 614.37 | 49 804. 22
4 12 072. 17 155 614.37 | 60 782.70
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Fig. 9 SAEV traffic flow distribution
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Table 4 Values of each objective functions under

different charging demand proportions

B8/ % Fi/km F;/veh F3/To6 | Fuo/ufia)
30 54 545. 14 1355 19 199. 02 26 960
25 52 859. 86 1335 19 199.02 26 960
20 51 625.56 1325 19 199.02 26 960
15 50 486. 65 1325 19 199.02 26 960
10 49 469. 58 1315 19 199.02 26 960

5 48 669. 76 1305 19 199. 02 26 960
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Fig. 10 Sensitivity analysis results of charging demand proportion coefficient
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