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Charging Facility Layout and Planning
Approach for Robotaxi Fleets
Collaboratively Driven by Data and Model
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201804, China,)

Abstract: The large-scale commercial application of
electric Robotaxi fleets requires well-developed charging
infrastructure as a prerequisite. However, there are still
issues with insufficient quantity, low utilization rate, and
inappropriate distribution of charging facilities. In
addressing the site selection and capacity planning of
charging stations for electric Robotaxi fleets, firstly, a
minimum fleet size calculation method based on the trip
network articulation and Hopcroft-Karp algorithm was

proposed to meet passenger temp-spatial travel demands.
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Based on this, the spatio-temporal distribution of
charging demands of Robotaxi fleets was quantified
through Monte Carlo simulation. Then, considering the
construction and operation costs of charging stations,
grid loss costs, no-load driving, queuing for charging and
loss of order opportunity costs of Robotaxi fleets, an
optimization model for the site selection and capacity
planning of charging stations for electric Robotaxi fleets
was constructed with the objective of minimizing overall
costs, and an improved particle swarm optimization
algorithm based on genetic operators and adaptive inertia
weight was proposed. Finally, the effectiveness of the
proposed model and algorithm was validated using real
user travel orders and geographic data from the city of
Chengdu, China.
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Driver ID Passenger ID Time Longitude | Latitude
8f20c9188561b796ef8e26196de30bed 39a096b71376b82f35732eff6d95779b | 1477969147 | 104.07513 | 30.72724
8f20c9188561b796ef8e26196de30bed 39a096b71376b82f35732eff6d95779b | 1477969150 | 104.07513 | 30.72702
8f20c9188561b796ef8e26196de30bed 39a096b71376b82f35732eff6d95779b | 1477969154 | 104.07504 | 30.72672
8f20c9188561b796ef8e26196de30bed 39a096b71376b82f35732eff6d95779b | 1477969193 | 104.07506 | 30.72298
8f20c9188561b796ef8e26196de30bed 39a096b713760h82f35732eff6d95779b | 1477969195 | 104.07539 | 30.72301
8f20c9188561b796ef8e26196de30bed 39a096b71376b82f35732eff6d95779b | 1477969198 | 104.07576 | 30.72308
8f20c9188561b796ef8e26196de30bed 11746cc1d82418066fda69f08fb671c8 | 1477983974 | 104.04275 | 30.69225
8f20c9188561b796ef8e26196de30bed 11746¢c1d82418066fda69f08fb671c8 | 1477983977 | 104.04291 | 30.69237
8f20c9188561b796ef8e26196de30bed 11746cc1dB824180661da69f08fb671c8  [1477983980 | 104.04305 | 30.69246
8f20c9188561b796ef8e26196de30bed 11746cc1d82418066fda69f08fb671c8 | 1477984556 | 104.05933 | 30.67478
8f20c9188561b796ef8e26196de30bed 11746cc1d82418066fda69f08fb671c8 [ 1477984557 | 104.05933 | 30.67478
8f20c9188561b796ef8e26196de30be4 11746cc1d82418066fda69f08fb671c8 | 1477984558 | 104.05933 | 30.67478
8f20c9188561b796ef8e26196de30bed 119f19b323a807d6406b14cf598ac0af | 1477984902 | 104.05914 | 30.67222
8f20c9188561b796ef8e26196de30bed 119f19b323a907d6406b14cf598ac0af | 1477984905 | 104.0593 | 30.67214
8f20c9188561b796ef8e26196de30bed 119f19b3232907d6406b14cf598ac0af | 1477984908 | 104.05915 | 30.67221
8f20c9188561b796ef8e26196de30bed 119f19b323a907d6406b14cf598ac0af | 1477985388 | 104.06333 | 30.65822
8f20c9188561b796ef8e26196de30bed 119f19b323a907d6406b14cf598ac0af | 1477985391 | 104.06326 | 30.65822
8f20c9188561b796ef8e26196de30bed 119f19b323a907d6406b14cf598ac0af | 1477985393 | 104.06329 | 30.65822
8f20c9188561b796ef8e26196de30bed 284cd00bebced51b42cd537914dcaebf | 1477980784 | 104.10825 | 30.72667
8f20c9188561b796ef8e26196de30bed 284cd00bebccd51b42cd537914dcaebf | 1477980790 | 104.10802 | 30.7261
8f20c9188561b796ef8e26196de30bed 284cd00bebccd51b42cd537914dcae6f | 1477980793 | 104.10793 | 30.72585

Fig.4 Example of original data structure
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Fig.5 Vehicle GPS track distribution and gridding

of the study area
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Tab.3 Example of minimum disjoint path result

e/ NANHA AR T R

1 [9, 51, 291, 501, 947, 1961, 2748, 3971]
2 [40, 76, 163, 539, 614, 931, 1629, 2390, 2836, 4116, 4991, 5127]
3 [32, 89, 350, 464, 933, 1227, 1995, 2554, 2789, 3311, 3647, 3908, 4696, 5316, 5567, 5779, 6197, 6407, 6680]

[4, 164, 349, 943, 1646, 2086, 3002, 5048, 5347, 5816, 6605, 6793, 7050, 7292, 7640, 7991, 8149, 8549, 8758, 9277, 9536,

9819, 10040, 10364, 10635, 10860, 10981, 11803, 12186, 13049, 13620, 15201, 17639, 19085, 21658, 24126, 25768, 28780,

34331, 35704, 37089, 40759, 43716, 45365, 47306, 50842, 51858, 53499, 55015, 56158, 59019, 66061, 69570, 71620, 74068,

77265, 79541, 80325, 88560, 91734, 95946, 99578, 102914, 104612, 105260, 107127, 108925, 111510, 113281, 115358, 116815,
118971, 126153, 128939]
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Tab.4 Driver transportation behavior feature variables

Y ELEE

fEas G L EQ,J%}] & (fvﬁvﬁ}f/
92 104. 1150 30.719 282 21 28.676
112 104.0850 30. 719 282 20 27.314
114 104.092 5 30.723 612 21 28. 956
117 104. 100 O 30. 650 000 22 31.054
16 104.092 5 30. 654 330 22 31.228

35 104.0625  30.662 990 24 35.176
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Fig.6 Heat map of spatial distribution of charging

demand
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Fig.7 All-day distribution of charging demand
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use in Chengdu city center
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Fig.8 Results of regional land value classification
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Fig.9 Charging station layout cost optimization based on PSO algorithm
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Fig.10 PSO algorithm based charging station siting

and capacity determination scheme
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Fig.11 Cost optimization of charging station layout based on IPSO algorithm
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