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Modeling Individual Strategies of Taxis Using Probe-Data
and Its Application to Traffic Simulations
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Abstract: Multi-Agent Simulation (MASim) is being studied in various research fields, and traffic is one of
the most popular subjects. Urban traffic flows consist of many vehicles with different roles of vehicles, each
of which has its own reason for movement, such as route buses, taxis, trucks, general vehicles, and so on.
Therefore, it is necessary to model the full variety of vehicles and incorporate them to the simulation step
by step. In this paper, we use probe-car data to analyze and model vehicle behavior. Of particular note,
we use driving log data obtained from taxis. We construct a taxi agent model that can represent individual
traffic behaviors and apply the model to urban traffic simulations where general vehicles and taxis co-exist
in the realistic road network of the city of Kyoto, Japan. We present how to construct a taxi behavior model
that represents business strategies and stochastic selection of business area based on probe-car data. Then,
we replicate traffic flows in Kyoto by combining the taxi agents, bus agents, and general vehicle agents.
A comparison of uniform traffic behaviors model and individual traffic behaviors model with over 200,000
vehicle agents shows that our traffic simulations can reproduce taxi activity observed in the real world.
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Table 1 Examples of probe-car data.

Time Longitude |Latitude| Vehicle ID| Status
2014/01/12 14:00:00|136.54321 [34.56789 12 Vacant
2014,/01/12 14:00:07|136.54331 [34.56789 12 Vacant
2014/01/12 14:00:14|136.54342 [34.56790 12 Occupied
2014,/01/12 14:00:22|136.54350 [34.56791 12 Occupied
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Fig. 1 Architecture of Traffic Simulator (MATSim-K).
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Fig. 4 Result of Kernel density estimation.
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Fig. 5 Result of Mean-Shift clustering.
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Table 2 Ratio of acquiring customers in each region.

JEHLE 7 T A 1D
0 1 2 3 4 5 6 7 8 9
i ID O | 0.22 | 0.39 | 0.37 | 0.28 | 0.29 | 0.37 | 0.00 | 0.31 | 0.27 | 0.42
ik ID 1 | 0.14 | 0.10 | 0.14 | 0.18 | 0.17 | 0.21 | 0.00 | 0.14 | 0.11 | 0.16
iR ID 2 | 0.06 | 0.13 | 0.19 | 0.08 | 0.08 | 0.13 | 0.00 | 0.12 | 0.18 | 0.09
IR ID 3 | 0.04 | 0.26 | 0.13 | 0.16 | 0.06 | 0.10 | 0.00 | 0.09 | 0.08 | 0.10
s ID 4 | 0.10 | 0.02 | 0.03 | 0.07 | 0.20 | 0.09 | 0.00 | 0.13 | 0.03 | 0.04
Mg ID 5 | 0.02 | 0.02 | 0.07 | 0.04 | 0.03 | 0.03 | 0.00 | 0.06 | 0.21 | 0.02
ik ID 6 | 0.01 | 0.05 | 0.03 | 0.05 | 0.01 | 0.02 | 0.00 | 0.02 | 0.01 | 0.03
M3k ID 7 | 0.20 | 0.00 | 0.00 | 0.00 | 0.05 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00
Wik ID 8 | 0.02 | 0.01 | 0.01 | 0.04 | 0.02 | 0.02 | 0.00 | 0.02 | 0.01 | 0.09
HiF ID 9 | 0.01 | 0.00 | 0.00 | 0.02 | 0.01 | 0.01 | 0.00 | 0.04 | 0.01 | 0.00
3 ID 10 | 0.00 | 0.00 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.01 | 0.08 | 0.00
Hids ID 11 | 0.02 | 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Mtk ID 12 | 0.04 | 0.00 | 0.01 | 0.01 | 0.04 | 0.01 | 0.00 | 0.02 | 0.01 | 0.02
i3k ID 13 | 0.08 | 0.00 | 0.00 | 0.01 | 0.03 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00
ZOfoMi | 0.04 | 0.01 | 0.01 | 0.06 | 0.01 | 0.01 | 1.00 | 0.02 | 0.01 | 0.01
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Fig. 6 Visualization of departure points for each cluster: Red (High Ratio) < Blue

(Low Ratio).
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Table 3 Description of classified drivers’ behavior.
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Fig. 7 State transition diagram of taxi agent.
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Fig. 8 Traffic simulation.
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Fig. 10 Comparison of characteristic behavior model and uniform behavior model by

cluster.

x4 ETNVHIOE I CHAER B OE & L

Table 4 Ratio of staying time in each region by models.

Hu3k 1D
iR 2 7 A 1D | Ml ID 3 | #bik ID 4
(Fu—757—%) 295 A1ID 1 0.263 0.016
75 A 1ID 4 0.056 0.196
(HRED S BATEIET V) 25 A ID 1 0.217 0.053
75 A 1ID 4 0.094 0.165
(—RRATBETV) 25 AID 1 0.132 0.083
75 A 1ID 4 0.128 0.090

x5 DD HETIVICL D LI CRHIE 2 ST 2856
Table 5 Ratio of acquiring customers by characteristic behav-

ior model.

JEHRE 7 T A 1D
0 1 2| 3| 4| 5 7|8 9
Hifsk ID 0] 0.22(0.28(0.27 | 0.26 [ 0.25 | 0.26 | 0.25 | 0.21 | 0.31
Hifsk ID 1]0.21(0.13(0.16 | 0.15[0.18 | 0.18 | 0.16 | 0.12 | 0.14
Hifsk ID 21 0.13]0.17(0.20 | 0.12 [ 0.13 | 0.18 | 0.14 | 0.21 | 0.13
Hi# ID 3] 0.06(0.22(0.12|0.15[0.09 | 0.10 | 0.10 | 0.09 | 0.10
M3 ID 4] 0.16 [ 0.05 | 0.07 [ 0.10 | 0.16 | 0.10 [ 0.14 | 0.06 | 0.08
Mt ID 51 0.08|0.06 | 0.10 | 0.08 [ 0.07 | 0.09 | 0.10 | 0.20 | 0.07
M3k 1D 6 | 0.02 [ 0.04 | 0.02 | 0.05 | 0.02 | 0.02 [ 0.03 | 0.02 | 0.03
Mk TD 810.05 [0.03|0.03 | 0.04 | 0.04 | 0.04 [ 0.03 | 0.03 | 0.09
Mtk TD 91 0.01 [0.00{0.01{0.01 [0.01{0.01|0.02|0.01|0.01
Hiik TD 10 | 0.02 | 0.01 | 0.02 [ 0.03 | 0.02 | 0.02 | 0.03 | 0.05 | 0.03
Hs ID 12 0.03 | 0.01 | 0.01 [0.01 | 0.02|0.01 |0.02|0.01|0.01
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R6 —FRETIVICL D FHILCHER NS 251G
Table 6 Ratio of acquiring customers by uniform behavior

model.

JEERE 7 5 A 1D
o 1| 2| 3| 4| 5| 7| 8| 9
H3 ID 0] 0.27]0.26 | 0.26 | 0.27 | 0.27 | 0.26 | 0.28 | 0.27 | 0.26
I8 ID 1{0.17(0.15|0.15|0.15 [ 0.15 [ 0.15 | 0.14 | 0.15 | 0.15
HI% ID 2{0.17(0.17 /0.17 | 0.17 [ 0.16 | 0.16 | 0.16 | 0.16 | 0.16
H3% ID 3(0.13(0.13/0.12|0.12|0.13[0.13]0.14 | 0.12|0.12
Hidk ID 4] 0.09 [ 0.08|0.09 | 0.09 | 0.09|0.08 [ 0.07 | 0.09 | 0.09
M3 ID 5[ 0.08|0.10{0.10{0.09 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09
H35 ID 6 | 0.03 | 0.03|0.02{0.03|0.03 |0.03 | 0.03 [ 0.03 | 0.03
Hids ID 8| 0.04 [ 0.04 | 0.04 | 0.04 | 0.04|0.04 [ 0.04 | 0.03]0.05
Hid% 1D 9| 0.01 [0.01 |0.01]0.01|0.01|0.01]0.01|0.01|0.01
Hi3 ID 10 [ 0.02 | 0.03{0.03{0.02|0.02 | 0.03 | 0.02 [ 0.02 | 0.03
Hi3# ID 12 0.01]0.01{0.01{0.01|0.01|0.01|0.01|0.01|0.01
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