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Behavioral-analysis-based cyclists’ path-planning model in

mixed traffic unsignalized intersections
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Abstract: Bicycle is a man-powered, relatively low speed, agile and vulnerable traffic tool, its moving trajectory is quite
different from that of a motorcar. By analyzing the cyclist’s behaviors at unsignalized intersections in mixed traffic flow sit-
uations (where most conflicts exist among motorcars, non-motor vehicles and pedestrians), we build a path-planning model
for the cyclists based on the fuzzy logic. First, by analyzing the cyclist’s behaviors in road-crossing, we propose a fuzzy-
logic-based model framework for building various sub-models; and then, perform the model calibration and validation,
using field data collected from surveying to electronic surveillance recording . The simulation results are promising, sug-
gesting that this model may be adopted for mixed traffic-flow simulation or as a path-planning model for personal mobility
vehicles(PMVs).
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Fig. 1 Path planning behavioral model framework

3 BT E LRI R (Cyclist’s path plan-

ning model)
3.1 JRHNEEEY (Perception model)
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Table 1 Object size fuzzy rules
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Table 2 Hazard level estimation rules
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Fig. 2 Membership functions of the fuzzified variables
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Table 3 Fuzzy rules for path evaluation
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Fig. 3 Field data collection sites
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4.2 S HRR A F 45 3 53 Hr(Model calibration
& simulation results analysis)
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Table 4 Model calibration results of i & Mj
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Fig. 4 Comparisons on motion track of bicycle(m)
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Table 5 Speed & trajectory RMSE errors for various
confliction situations

RESS]

BC BB BP BO COM &fk

W X% 068 0.12 013 022 0.63 0.9
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#/m Y#i 042 026 0.17 025 043 0.55

5 4Z5i&(Conclusions)

AT — L T RO AR I HL AR TG AR 5 A8 X
H AT 2 IR Y, JF F Sk br Bl AT A 2
BRI N7 FLIAIE, &5 R4 N, 1AL nl 1 i
MR 24 A I VT S ELA AL (ATFLOWSIME ) [y
AT 22 26 % M RIAT RS20 il XPAHLARTEAR A8 X
PR 22 PR A G A B, —J7 1, BEE A
HLEN 2 5HPMV) I BRI R, W= H i-swing &
FUSH & 25, PMVYS B AT LW AE R KN 3
5 S R RN AT I 2 B b AR AR AR, A A T
R IX T HLAN 2 1R e 2 i BRI RN o S Lk 1) e
TR 7R, R TAESE T TR — 0 s A
I H.

£ % ik (References):

[1] HOSSAIN M. Modelling of traffic operations in urban networks in
developing countries[D]. UK: University of Southampton, 1996.

[2] FORESTER 1J. Bicycle Transportation|[M]. Cambridge, Mass: The
MIT Press, 1983: 330 — 334.

[3] SMITH D. Safety and locational criteria for bicycle facilities[R] //Re-
port FHWA-RD-75-112. FHWA, U.S.: Department of Transportation,
1976.

[4] OPIELA K, KHASNABIS S, DATTA T. Determination of the char-
acteristics of bicycle traffic at urban intersections[J]. Transportation
Research Record, 1980, 743: 30 — 37.

[S] TAYLOR D, MAHMASSANI H. Bicyclist and motorist Gap accep-
tance behavior in mixed traffic[C] //Presented at the 78th Annual
Meeting of the Transportation Research Board and publication in
Transportation Research Record by Transportation Research Board
of the National Academies, 1998.

[6] PEIN W. Bicyclist performance on a multiuse trail[J]. Transportation
Research Record, 1997, 1578: 127 — 131.

[7]1 LING H, WU J. A study on cyclist behavior at signalized intersec-
tions[J]. IEEE Transactions on Intelligent Transportation Systems,
2004, 5(4): 293 —299.

(8] BEmNHE, B 5 53 X Ak BAT 420l it A B0 AT 0 (9], 35 MK
AR CLAERR), 2008, 38(1): 53 - 56.

(WEI Liying, LV Kai. Bicycle following behavior at signalized inter-
section [J]. Journal of Jilin University (Engineering and Technology
Edition), 2008, 38(1): 53 — 56.)

[91 YEN J, LANGARIR. Fuzzy Logic: Intelligence, Control and Infor-
mation[M]. Englewood Cliffs, NJ: Prentice Hall, 1999.



998 oW s N M

06 %5

[10] FEFioR, XUR T, B, mod o PR AR 2R PE S IR 12 I e 45 1
AR PGS 5 R, 2006, 23(1): 99 - 102.

(LTANG Xinrong, LIU Zhiyong, MAO Zongyuan. Nonlinear feed-
back ramp controller in freeway based on fuzzy logic[J]. Control The-
ory & Applications, 2006, 23(1): 99 - 102.)

[11] LEWIN K. Field Theory in Social Science[M]. New York: Harper &
Row, 1951.

[12] HELBING D, MOLNAR P. Social force model for pedestrian dynam-
ics[J]. Physical Review E, 1995, 51(5): 4282 — 4286.

[13] HELBING D, KELTSCH J, MOLNAR P. Modelling the evolution of
human trail systems[J]. Nature, 1997, 388: 47 — 50.

[14] MORA M C, PIZA R, TORNERO J. Multirate obstacle tracking and
path planning for intelligent vehicles[C] /proceedings of the 2007
IEEE Intelligent Vehicles Symposium. Istanbul, Turkey: IEEE Inc.,
2007: 172 -177.

[15] MINGUEZ J, MONTANO L. Nearness diagram navigation (ND):
Collision avoidance in troublesome scenarios[J]. IEEE Transactions
on Robotics and Automation, 2004, 20(1): 45 — 59.

[16] BAI H, WU J. A flexible camera calibration for freeway scenes[C]
//1st International Conference on Natural Computation (ICNC 2005)
& the 2nd International Conference on Fuzzy Systems and Knowl-
edge Discovery (FSKD 2005). Changsha, China: [s.n.]. 2005: 27 —
29.

[17] DU Y M, WU J P, MCDONALD M. The validation of a microscopic
simulation model in Urban network of Beijing[C] /IEEE Intelligent
Transportation System Conference. Toronto, Canada: [s.n.]. 2006.

[18] DALEY M. Extrications involving personal mobility vehicles[J]. Fire
Engineering, 2006, 159(11): 85 —92.

Ve A
WOR® (1979—), L. Wk, YRm, H AR 1 0 O A
PiEL. FREACH 22 AT A 43 #7155, E-mail: hling@scut.edu.cn;
R (1960—), Y3, 2%, A0, HEror9e 75 m b 4 ge

ARG B A BS54, E-mail: aujmxu@scut.edu.cn.



