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Abstract: In order to found out the factors that affect the waiting time of buses at intersections, taking the
GPS data of buses in Xi’an as the research object, the data of bus waiting time are fitted and analyzed by
using mixed Gaussian distribution. First, the key points for calculating the bus waiting time are determined
according to the changing process of the bus operation status. Combining with the characteristics of the GPS
data, a method for calculating the bus waiting time at intersections based on GPS data is proposed. Second,
taking the error sum of squares (SSE value) as the evaluation indicator, the fitting effects of several common
distributions and mixed Gaussian distributions on waiting time data are compared. Third, the waiting time
data under different influencing factors are fitted by using multivariate Gaussian distribution, the distribution
parameters are estimated by using least square method, and the fluctuation of the waiting time is obtained by
analyzing the parameters and image characteristics of each Gaussian distribution. Finally, the hypothesis
testing on the data is conducted by using Mann—Whitney U non-parametric test method to obtain the

significance of the difference in waiting time under different influencing factors, and the effect degree of the
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influencing factors is analyzed by using r° and CV, values. The result shows (1) the ternary Gaussian

distribution has the best performance on fitting bus waiting time data and its SSE value is 9. 658x107°, which

is better than normal distribution models such as normal distribution and Poisson distribution; (2) the factors

that affect the bus waiting time at intersections are sorted in descending order of the of influencing degree ; red

signal timing>peak periods>number of lanes>weather>holidays, while the weekdays and bus lane are non-

critical influencing factors.

Key words ; urban traffic; analysis of influence factor; mixed Gaussian distribution model; GPS data; non-

parametric test
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BUS_ID TIME SPEED MILE DIRECTION/(°) LONGITUDE LATITUDE SATELLITE

16 466 11:33.38 17.33 90 770. 00 181 108. 958 660 34.248 408 8

16 466 11:33:48 0.00 90 786. 00 181 108. 958 618 34.248 283 6

16 466 11:33.58 0. 00 90 786. 00 181 108. 958 618 34.248 283 10
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Tab.3 Statistical characteristics of bus waiting time

BeA SRR s
g TR TGN R M GEE WE E
D1 240 1.11 74.24 27.20 18.18 -=0.70 0.45
D2 250 2.29 74.44 32.12 19.04 -1.04 0.19
D3 274 1.95 70.00 27.80 18.96 -1.21 0.31
D4 217 2.00 116.14 35.39 24.43 0. 60 0.91
D5 204 2.23 103.79 38.59 19.01 0.54 1.09
D6 232 1.72  94.60 34.63 20.35 0.24 -0.65
D7 252 9.93 157.72 60.45 32.85 0.22 0. 60
D8 262 12.08 110.00 50.83 26.21 -1.02 0.28
D9 261 3.07 180.48 63.51 42.39 0.23 0.91
D10 238 7.77 122.00 63.95 26.79 -0.54 -0.45
DI1 259 3.25 183.85 62.14 48.67 0. 87 1. 15
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Fig.2 Histograms of bus waiting time at peak/off-peak period
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Fig. 3 Fitting curves of distribution of bus waiting time
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Tab.5 Mixed Gaussian distribution parameters
REEr iS5

W, W, W, U, U, U, Sig, Sig, Sig,
D4 s 0.376 6 0.546 3 0.077 1 13. 60 43.49 92.21 12.57 16. 58 13.95
D1 S 0.305 8 0.694 2 — 8.07 35.45 — 11. 1 18.76 —
D2 [SFS 0.070 0 0.363 8 0.566 2 7.50 16.2 45.53 8.85 13.97 16. 83
D1 i 0.305 8 0.694 2 — 8.07 35.45 — 11. 1 18.76 —
D3 JER 0.4357 0.564 3 — 9.49 41.95 — 11.07 16.27 —
D1 JEHN 0.305 8 0.694 2 — 8.07 35.45 — 11.1 18.76 —
D5 R H 0.288 8 0.7112 — 20.3 42.29 — 20. 62 17.43 —
D6 e H 0.338 2 0.075 4 0.586 4 10. 66 24.73 47. 16 13.21 13.44 16. 94
D7 ST 0.2112 0.730 8 0.058 1 23 66. 23 125.8 19.83 31.06 41.03
D8 H%EIE 0.3233 0.370 7 0. 306 22.12 48. 94 82.93 15.83 17.08 17.55
D1 30 s 2147 0.305 8 0.694 2 — 8.07 35.45 — 11. 1 18.76 —
D10 71 s 2147 0.1859 0.264 6 0.549 5 20. 06 54. 18 82.5 16. 18 16. 66 18.2
D9 AR LIE 0.163 9 0.654 7 0.181 4 18.91 54.8 136.6 20. 26 29.07 30. 16
DIl BHAXLHE 0.386 6 0.5153 0.098 1 20. 38 73.07 181.3 21.16 29. 66 23.05

T W, N8R i Em M A AGE ;s U, 5 o JEmli A A 1E s Sig, 0% i BB idi 22, i=1, 2, 3.
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Tab.6 Test and calculation result of influencing factors
e THE TR S
MIMNER FimE RS H H WE LR
LY IE 0.02 0.095 0.834 0.073 0.084 0 0. 622
a1 0.055 0.017 — 0.015 0.024 0.385 —
CVy 0.279 0.231 0.077 0.126 0.278 0.553 0.107
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Fig. 4 Curves of bus waiting time distribution under different influencing factors
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