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Study on Vulnerability Evaluation of Conventional Bus
Operation and Departure Optimization
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Abstract: Aiming at the fact that the share rate of conventional public transport in urban public transport has
been declining year by year, and comprehensively considering the travel perception of passengers and the cost
of bus operation, in order to quantify the vulnerability of conventional bus operation routes and improve
service quality, a vulnerability evaluation method for conventional bus operation and the bus departure
interval optimization based on vulnerability assessment are proposed. First, 15 vulnerability factors are
extracted from 4 aspects, including human activities, operational organization management, environmental
status and vehicle status by using the literature extraction method. The relationship among the influence
degrees of the factors is classified by the 3 characteristics of exposure, sensitivity and adaptability of the
vulnerable factors, and the 2 key vulnerable factors, in-vehicle congestion degree and waiting time are
obtained by using the intersection method. Secondly, from the perspective of passenger perception and
psychological change characteristics in different passenger flow periods, the classification of in-vehicle

congestion and the normal distribution curve of waiting time are analyzed to determine the critical division of
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congestion and the waiting tolerance time of 85% of passengers as the tolerance threshold. Further, based on

the key vulnerability factors and their tolerance thresholds, the operating company cost and passenger cost

function models with departure time as a variable during peak, sub-peak and peak periods are constructed,

and the genetic algorithm is used to solve the problem. Finally, combined with the case analysis of bus line

No. 23 in Kunming, the result shows that the exposure, sensitivity and fitness of the optimized operation line

during peak hours reduce by 39. 10%, 26.75% and 35. 74% respectively, and the vulnerability reduces by

33.88%, the optimization effect is the best, the second peak is in the middle, and the flat peak is poor. Due

to the overall analysis, the evaluation model and optimization method have good practicability, the passenger

travel perception service level is improved, and the operating cost is reduced.

Key words: ITS; vulnerability assessment; improved ISM; conventional bus operation; departure interval

optimization ; genetic algorithm
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Tab.1 Vulnerability factors of conventional bus operations
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Tab. 2 Initial impact matrix

M 55 K F, F, Fy F, Fs Fq F, Fy Fy Fio F, Fi, Fis Fi, Fis
F, 0. 00 0.16 0.90 1.49 0.13 3.01 3.56 3.17 0. 00 0.99 1.76 0.00 0.42 0.80 0.97
F, 3.12 0.00 1.37 1.27 3.29 3.03 2.96 2.89 1.63 1.31 1.39 1. 10 0.90 1.01 1. 12
Fy 1. 69 2.83 0.00 2.96 2.71 1.38 1. 69 1.03 0. 00 3.40 0.13 0.78 0.71 1.31 1.50
F, 3.09 1.77 1. 06 0. 00 0.49 3.34 3.28 3.28 0. 00 0. 00 0. 00 0.41 0.10 0.07 1. 06
Fy 0.00 0.07 0. 62 0.70 0. 00 2.96 3.09 3.16 0.49 1.08 0.09 1. 11 1.20 1.47 1.34
Fe 1.00 0. 83 0.59 1.41 1. 06 0. 00 0.39 0.62 0.36 1.07 0.70 0. 86 1.08 0.82 1.28
Fy 1. 06 0. 84 0.56 1.25 1.02 0.34 0.00 0.55 0.23 1.19 0.77 0.70 1. 16 0. 86 1.18
Fy 1.03 0.92 0.59 1.20 1.08 0.25 0.48 0. 00 0.34 1.19 0. 66 0.77 1.17 0.83 1.22
Fy 0.08 0. 06 0.11 0.16 1.05 2.93 3.25 3.19 0. 00 0.99 0. 00 0. 06 0. 00 1.50 2.03
Fi 0.71 1.40 0.55 1.08 2.31 1.03 0.91 0. 80 0. 00 0.00 1.94 1.28 1.41 1.98 2.73
Fy 1.40 1.61 1. 41 0.53 0.21 1.23 0.55 0.44 1.18 1.29 0. 00 1.94 1. 10 1.18 1.50
F, 0.91 2.91 2.71 1.07 3.47 3.49 2.54 3.56 0. 65 3.49 3.40 0. 00 3.30 3.14  3.47
Fi 3.12 3.28 3.51 2.45 2.35 2.72 2. 65 2.65 0.20 1. 50 2.29 1.07 0. 00 2.89  3.05
Fy 1.95 2.75 1.38 0.98 3.24 3.10 3.18 3.34 1.01 1.93 1. 11 0.99 2.73 0. 00 1.10
Fis 1.23 1.19 0.25 0.07 0.15 0. 04 0.11 0.13 0. 00 0.67 0.58 1.12 1.27 1.23  0.00
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Tab.3 Reachability matrix

%EEW¥ F] F2 F3 F4 FS F6 F7 FS F9 F]O Fll F]Z F]? F14 F]S F‘ZQE
Fy 1 0 0 0 0 1* 1* 1" 0 0 0 0 0 0 0 4
F, 1* 1" 0 0 1* 1° 1° 1° 0 0 0 0 0 0 0 6
Fy 1° 1" 1 1" 1° 1° 1° 1° 0 1* 0 0 0 0 1° 10
F, 1* 0 0 1* 0 1° 1° 1° 0 0 0 0 0 0 0 5
Fs 0 0 0 0 1* 1# 1* ¥ 0 0 0 0 0 0 0 4
Fg 0 0 0 0 0 1" 0 0 0 0 0 0 0 0 0 1
F, 0 0 0 0 0 0 1" 0 0 0 0 0 0 0 0 1
Fy 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Fy 0 0 0 0 0 0 1" 1* 1" 0 0 0 0 0 0 3
Fy 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1° 2
Fy 0 0 0 0 0 0 0 0 0 0 1" 0 0 0 0 1
Fy 1° 1° 1° 1° 1° 1° 1° 1° 0 1° 1" 1 1* 1* 1° 14
Fis 1° 1° 17 1° 1° 1° 1° 1° 0 1° 0 0 1 1° 1° 12
Fy 1° 1° 1# 1° 1° 1° 1° 1° 0 1° 0 0 1° 1 1° 12
Fs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
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Fig.1 Spontaneity-dependency coordinate diagrams of vulnerability factors in conventional bus operation system
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Fig.2 Average daily passenger flow of conventional bus lines
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Tab.4 Sample composition features
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Tab. 6 Comparison before and after optimization of

vulnerability characteristics of operating lines (unit: %)
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S EERENR T 33. 88% , IR ELREAR T 6.43%, F
W B3N T 3. 85%

(4) WFFEEE X 290 3838 B A B A 841
LA, [ B o) 4 T3k i 2 22 e o7 5 5K BE 7 Y 4
FHEAEEZ X, B FMmERZSHORE W BTk
B, XPFUERT B e & AT AR, — 2kt
W Fe w25 i BEAR & Hh AT I H AN ik R IFRIFSE .
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