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The impact of different granularity representations on
robustness evaluation of city road network

Duan Yingying Lu Feng
State Key Laboratory of Resources and Environmental Information System

Institute of Geographic Sciences and Natural Resources Research ~Chinese Academy of Sciences Beijing 100101  China

Abstract: Robustness analysis of city road networks requires the evaluation of structural change in networks under attacks.
The difficulty of robustness analysis is that when modeled at different granularities city road network structures have different
characteristics and show different sensitivities to various attacks. In this article a city road network is first modeled as dual
graph at three different granularities. Then a series of successive simulated attacks are designed based on network structure
characterization methods from complex network theory. The robustness analysis is carried out by characterizing the structural
change of a city road network under these successive simulated attacks. Six world cities with different urban morphology
forms are tested. The results show that at the same granularity the performances of different city road network under attacks

are similar. However at different granularities a city road network has quite different performance. Thus it is important
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to choose appropriate representation granularity when conducting robustness analysis of city road network for a specific ap—
plication. We argue that road network represented by segment is suitable for the evaluation on how traffic interruption at cer—
tain point affects the network and can provide suggestion on related emergency response. Road network represented by
stroke is a good option when we want to evaluate how filiform traffic interruption affects the network and can help to decide
traffic control strategies. Road network represented by community is more suitable for robustness analysis under the condi-
tion of big events that affect the traffic in a larger area. Moreover community is an appropriate representation for robustness
analysis in dynamic traffic environment since the zonal road traffic interactions could be taken into account.

Key words: city road network; robustness analysis; representation granularity; complex network; community detection

E
1.1

. . ( road segment)

1042 o
1.2

( road stroke)
14

o



18 / 9 /20183 9 /
2 ° 2( a) 3 o
. 2(b) 0

. . by c N
ol
c/ == o ¢

° /____l___-c el

(a) [ o iE B
(b) T DAy o] {8 P

3

Fig. 3 Community-based city road network

(b) A& T84 By % {8
PEl 1 BT B B kv P 75

Fig. 1  Segment-hased city road network

o

/
Q. p
? 2.1

20
(a) [5L0f; B 6k
( degree connectivity) d,
i
(b) 2T % ) 0428 d =2 e (2)
PE2 T e A 0l i e P A 7Y o JeNaE
Fig. 2 Stroke-based city road network N W N
1 3 eij l\_] ° l
' e; 1 0.
o ( communi—
ty) 16 . Al o
o 20
; Be(v) = o () (3)
urwcV Oy
| %4 T e u w
‘ o, ()
18 ’ .

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

1199



1200

pEBERBAF R

JOURNAL OF IMAGE AND GRAPHICS

Vol.18 No.9 Sep. 2013

2.2
21
l c” .
1
|l = —— dlv w
n(n - 1) UEEVWEEV ( )
n d(v w)
w o 1

D =max(d(v w))
C

: .}-:‘
(a) BFAIE R

(d) N & s i

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

1
¢ =2 C (7)
Cﬂz‘{euw:u weN, e, eE} | (8)
k(k -1)72
C, v N, v
K, N,
o v
v
! vk,
° v
(4) .
v
o C
l o
3
n
3.1
(5) . Open Street Map ( http: //
www. openstreetmap. org/ )
(6) °
3 N N 3
C ~ ~
4 o 3 6

(e) IH4=10

4 6
Fig. 4 Six city road networks

http://www.cnki.net



18 / 9 /2013 9 /

3
4 6 o
4
; 3
3
2324
3.2
25
1.0 .
[ P = BRI
0.8¢ P - g
I ) = {8
B - i
0.4 = za e = |H4h
rm— - ZitE
024
[ 1 1 A 1
1.0 0.0 02 04 06 08
f
- 1.0
O.BL- 0.8+ - 0.8F —
3] 0‘6’- ..-::3,‘-' w u.b_— "-: U 0.6F = ..’._.__
Tl s oyl I S - | o4 ?—ﬁ‘éﬂt—
'-?';“._. - LA " L wk
0.2f o, 02 Sl 02F SO
1 1 L 2 L I L L l [ I i | i
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
f I f
1.0 1LOp 1.0
0.8 \ 0.8 08k
“0.6f \ “ 0.6 v 6k
04F . \ 0.4 04F »u
0.2f <\ 0.2 0.2F X
& i 1 i 1 1 "
00 02 04 06 08 1.0 00 02 04 06 08 1.0 0.0 02 04 06 08 1.0
7 I f
(a) B4 B {14 (b) B EER 4 (c) #1105 1

5

Fig. 5 Road network structural changes under random attacks
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