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Identification and analysis of road network key segments

set based on K-shortest path

ZHANG Ji-sheng'?, JIA Li-min', NIU Shu-yun®?, LI Hong-hai
(1. School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China;
2. Research Institute of Highway Ministry of Transportation, Beijing 100088, China)

Abstract: In order to improve the level of highway network operation monitoring and public
service, the key segments should be identified accurately and reliably based on comprehensive
factors. This paper studies the key segments set identification problem by using traffic
assignment theory and K-shortest path algorithm. The key segments evaluation model is
proposed in this paper, which considers many aspects such as network structure, traffic demand
influence, travel behavior and takes total travel time as network performance index. The
importance degree evaluation model of key segments set and the solving algorithm are introduced
with the consideration of the combined effect of multi-segment failure. Compared with traditional
structure reliability model, the proposed model is more suitable for real network management
because the route choice and the combined effect of multi-segment failure are taken into account.

The results show that under the same traffic load, the segments with lower structural density
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have higher probability to be selected as key segments; The results from reasonable K value

assignment and whole network assignment are much close, which means K-shortest path

algorithm could improve the computational efficiency; the segments combine effect is much clear

under multi-segment failure condition. 6 tabs, 2 figs, 16 refs.

Key words: traffic engineering; key segments identification; K-shortest path; traffic assignment;

road network; network performance loss
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Tab.2 Key segments evaluation of Nguyen & Dupuis traffic networks %
% B S T
[ TR ok 1 oK
B —
K=2 58 K=2 3 55 K=2 58
1 0.00 0.00 1.50 1.50 16. 25 16. 25
2 0. 00 0. 00 1.50 1.50 16. 26 16. 26
3 0. 00 0. 00 3. 00 3. 00 32.50 32.50
4 0. 00 0.00 1.50 1.50 16. 25 16. 25
5 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
6 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
7 0. 00 0.00 0.00 0. 00 0.03 0.03
8 0. 00 0. 00 0.00 0. 00 0.00 0. 00
9 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
10 0.00 0. 00 0. 00 0. 00 0.00 0. 00
11 0.00 0.00 1.50 1.50 16. 26 16. 26
12 0. 00 0.00 0. 00 0. 00 0.00 0. 00
13 0. 00 0.00 1.51 1.50 8 609 332.76 16. 29
14 0. 00 0.00 0.00 0. 00 0. 04 0. 04
15 0. 00 0.00 1.50 1.50 16. 25 16. 25
16 0. 00 0.00 4,50 4.50 48.76 48.76
17 0. 00 0.00 0. 00 0. 00 0.00 0. 00
18 0. 00 0. 00 0. 00 0. 00 0.00 0.01
19 0. 00 0.00 1.51 1.50 8 609 332.76 16. 29
F3 AEXEEREIFET Nguyen & Dupuis 6\ 3 /2)
o) 4& Y oK 48 B BRI 1
5
Tab.3 Key segment evaluation of Nguyen & Dupuis under 2 44
8
condition of different segment damage % (3 /D 1 Q 15
N 9 12
P Bt T EE TN 6 13| |23
BA R K=2 71135 10|31 9 )2t
% B - - - - N3 24
2, (3))=0.6|p0,(5))=0.3|p0,(;))=0.1| p(i,(j))=0 251126
1 0 0.02 0.15 16. 25 Bl 27 28
62 36 T 10 29
2 0 0.23 0.17 16. 26 § K K 51 49
3 0 0.04 6.41 32.50 30
4 0 0.79 0.19 16. 25 34| 40 28| 143
5 0 0.01 0 0.00
41 57
6 0 0 0.01 0.00 2 n 157
38
7 0.01 0.13 0 0.03 N 4 ~ 45
421 |71 46 | | 67
8 0 0 0 0.00 72
g y—
2@22
9 0 0 0.16 0. 00 - 70 -
10 0 0.12 0.06 0.00 73 || 76 69| 65 g% 63
11 0 0.41 0.38 16. 26 T N L
12 0 0 0.09 0. 00 13) \24) 32L)
39 75 64
13 0 0.46 0.20 8 609 332.76
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- Fig. 2 Sioux Falls traffic networks
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Tab.4 Importance degree evaluation of segment set when the number of segment set k' =2
% B ST
F R K=2
HEF (i, (j))=0.6 G, (j))=0.3 PG, (j))=0.1
HBUES FEE/ N HEEA FEEE/ N HEBUES HEE/ N
1 13,16 0.48 13,16 2 657 608. 77 1,2 6.64X10%
2 3,4 0. 48 11,15 2 140 151. 40 3,4 1. 38X 10"
3 16,19 0.47 3,4 2 114 837.22 13,16 1.38X 10"
4 11,15 0.28 16,19 1982 918. 74 16,19 1.34X 10"
5 1.2 0.17 1,2 1 807 768.63 11,15 4,90X 1016
6 2,14 0.06 7,14 33.27 3,12 3.51x 10!
7 13,14 0.06 7,13 12. 47 3,14 3.49 X101
8 7,13 0.06 13,14 11.51 5,14 3.43 X104
9 7,19 0. 06 10,14 11. 36 6,16 2.43 X101
10 7,14 0. 04 5,12 11.12 3,15 6.31x 10"
I 12 1 3 W1 Y s R B ®6 BEEATEME K =2 1 Siow Fally
5 AFX@HEEWAET Sioux Falls W 24 oh B R SR 5 MO B ST AR
T 45 mh i 3 4 B BR AT M Tab. 6 Importance degree evaluation of segment set when
Tab.5 Key segment evaluation of Sioux Falls under the number of segment set k' =2
condition of different segment damage % HE | BRBUES | EEE/Y || HIFE | BBES | EEE/ Y%
BEED | BBYTEE | ME | BB | BB | MErm 1 22,26 16. 53 11| 25.26 34. 09
1 0.07 27 7.77 53 3.57 2 12,31 45.93 12 24,31 33.52
2 0.75 28 13.72 54 2. 46 3 42,59 45.70 13 42,47 33.51
3 0.08 29 596 55 2,99 4 27,55 45.27 14 18,42 32. 88
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