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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, Betjing 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

][

ST ) 2 A OV (B R 1) 2 FR A
Y B BRI S () 25 R A R E o [ R 45
RPN B e AT B TAM S0 S B 700 %
RBGUN , B 1O R A TH RE S A ) AR AR B0 , 7T S ks 1L
R AT A B DL AR RS U T S AR AR
gt

SR SR THT S D) 5 ) ) ST LA DAY — EL A A
IR, o th TGN 2 it o K ko
SRS (RLE N DV RE AT AR SR L k) 26
A5 ) (19785 A e R E [ 190 (1 ot ) 30 S 030 3K i
PRIME, ELATFEPEAR . 2 RL 2T T N B AR At A B
90 6 (T MR AR KRR B L0 T 190 s 1 54
I DA PR A5 2K H e R A B B T AT, HL
REAS I D AR BT R AN P o (H 2% Y 45
YRR AR BRAEAR 22 07 T , B35 T8 s 1) 36 30K 1 A0 1
SR A L o 2 — bR Y 2T R
FRAEPERTSE o ITAFACHT SR S IR M 25 T R T 52
T BT AR T M SRR BTk . %07k
it — ZR 1 [ 245 A5 AL P AR AR B A R 2% P 5 A4
TIES Ry BEARBIF ST 90 4% 454 5 I 24 At =2 ] Y
RARRME TR A RN

Ao LT A 5 8 701 S P 4 2 ) ) AR A A D
45 ot v 1 D7 S B RG T IZ H F EL
2517 LK T A 22 T I 4% 1 ot T A
o TRIRE M, T8 I 19 25 ) b P AR AR R R 1 Bk
THEH W 4% 1SS RRAE L AT — e
FELLSERETE BT ST X G2, 0 e A% 5 1 I AR 2K
KPR I S0 1 SR, AS ] (5 558 o e
ST S8 O ) 0 AN ), /I A ) 52 388 = il i i 19
SR HL A PR, A BE 5 EURUIR TE 6 52 18 v BT 5 1 52 1
A R T — A 2 AR BRI B, T ZOIR Y
A 3% 3 T 7T DR R S 1 A A A R B S A

T B SR DU 2 52 i — 3 [ PN A T8 e, 1
TR A 5238 F T PRI AN ) 18015 D s AN [] )
B RINRIE . AR, AN [R] F AR IEE T B3 %
WHEA AR R EHRAIE . X SEE5H 22 SR R i
W 28] B (O P A 45 2R, i) o 2 2R J3E BT 36 50
MR 2 ST B 0 25 A o e, T 4 ) AT 1 O
FHHT =,

BERT LR IR, DA B B EE ANAL X 3 bR KL
JEE M 5, T 3l T 0 B ) 4 A 0 A PR AR, M T AR
P28 S R R HETRUR 7 1 PE AR AU TRl e, A 52
B M b 3ol i 6 190 45 0 1 728 AL 7R L, T4 ik
T3 I R S AA A, AT 58 AN ) R R JEE X6 11
RIZEHG T PEPE T AR

1 s W RIA R S E R

SR S5 R SRR 3 R, 7 SO
G=(N,E) (1)

[P, N N G BT A RS E A N
I T R Z BRI A S . th TR
O LpURTIIDG e B3y s S TG S BTEN =S 3 NS N e
KPP 0y AR A B R, A N R B R
R E RS, AR B R EEELIX 3 B[R] B3R
ISRLRE T E N IE 2R Z AIF AR AR
1.1 BT ERER A h i P 1 2

B (road segment ) J2 45 W 7 18 % A28 X
11 22 W) 430 3% B, S 3l T A S ) 4% e R AR 1) 41
G, T BRI HE RO AL ] 1 i

ML A] LA X (P LA B A O, R U
bt e LR B Z I IR FE R AR
1.2 BT ReaEa9 i i MR R

HEBE (road stroke) J2 iy i Be AR 3 HULIIE A5 4
SRR e S R B O R R B S AR
L MR SR B A Y 11 2SR K e A N Y

© i [H IR I T AR T A



$£18% /98I /2013F9 8

RIEE, Mg/ AREFRIENE RS TR

T8 % B 2 5 B T B, I A I T I B 1 T
HE R, I 2 fros . B2 (a) W, A5 H 414
TS0 ) e BEBRU O [l — A e B o 1] 2 (b) S DA
RO AT, B 22 18] A I D A B B R ]
VAR, 6 BRI 6 5 I 7 282 R E T B 0 P 454
SR,

(a) BLAHER B
(6 ) 9
©), @), 10
(b) FE T B kx5 ]
PE1 T BE AR T s D Y

Fig. 1  Segment-based city road network

(a) Jshn i i

< n]

(b) FET-EEHE (K0 1

P2 R I A 3T 1O A6 25
Fig. 2 Stroke-based city road network

1.3 EF4 XA MEE

AW TR B9 0 s R ER
(1, T8 s AR o X R G R A A X ( communi-
ty) V1 ARIKAT RATE AR L 20 i ) 2% 1) 435
AE o 3T I P e B A DX SIS AL T 3 3 /)N X B R R
AN DA T R I I B

ﬁﬁﬁ?ﬁﬁmﬁLm%ﬁ%” W ENPS
FGIEE AR X B Bt AT SRS, DT A I T B )
R 03 A T N ER e R AN IR A Y A
X1 SR A XA R A A R X ] R R A

Rk,
3 R

A S T DX B2 1 38 S 41 €T ]

f
Q, /)\03

// \(
Pl // e

(a) JRAHIE
(b) FET AL A8 P

P 3 ol DX Tl g P A6 A

Fig. 3  Community-based city road network

A X R BT5 1 RT L i i B I B AR R
PUI 3 32 ) &R 0 B U B B B 5

2 M EFHEX] E

PEHT 8 RO 1 S 2 B A R I T A 245
PRI o 5 DL IO 2% 235 1 AP AT 220 ) 7 v B4 DTk
WL AR P 24 A4 59 A AR AR, DDA 2 0 R
AR 0 45 AR R 1 NEFALE o
2.1 TR

TUIOWE RUJE 100 o 2% vh g A5 s B8 i — 2K
L — R BFERRS Y rhg Y A
ARV s bV, LUHWT T s 7R 25 iy
U,

B (degree, 1 FR A % 2 4 connectivity ) d,
FOR G R HEMERT S, 2 E
SRR R FE B R bR, Hat Al

NZ € (2)
X N AW RES, i J NES N F PR

S, e RN BIEIEIE Ol A5 19 5 R Z ]
ﬁfﬁ%aﬂ W ey oAy 1, AR O 1 A6 E g 9775
X A 245 P Ja 0 DX A a5 22 ) B e R A 0
PRI, ansul iy v ) S S BRI 2

g R R 2 0 T Y R R A R
25

z o, (v) (3)

Be(v) =
uFwCV T

P VERWEER, 0, FRT ﬁ w Bl w 2 [0 iz
ISR 2R, T o, (o) U 2675 i 26 d S e A2
2o v BB o AR A UHA B Y R A

© HHEZ Y

1199

AR AT



1200

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.18,No. 9, Sep. 2013

rhCPE 10 X 26 v ) A i e R S Bl R T R
P RE P 4 rh B B A, AT Y Y
DRATF FI R S 3% 45
2.2 MEREREHFFE

T RUE 2 DA 2% 19 42 Jmy H % 70 B I 2% &4
H 21 B AR (1 9 £ e A 45 ) 220 4 A g T 8
SEIRARIE B | AR R B €

WA Z8 AT T — M SCI%E 4 T 19 il ) B AR T
AL BT B H PR BRSSP S i R
SE AT SO R ] R P A, R e A

1
l_n(n—l)z Zd(v,w) (4)

veVw#veV

i, n FoR A R d(v,0) R v A
w Z B AR AR BE o B, BRI Y 22 [E) A
SR B34 B AR B BRI, BEATA R, DU 1) 255 )
G JR TR AR . T3 T A X 4
N, TR AT B RO A 228 i A
/b ) R 245 ) e SR A S AR

ATRAE LS SRR A H n A HBOR
KA o AT AR AR I 248 MU X 25 K Rk B 52
e HR AR R -2y d S A

l

L=> (5)

S, D A I R LA, BV 28 o 7 4 a5 1] A el I
(E SRS yN N
D =max(d(v,w)) (6)
RBEREC W T 2% rh oy 55 18] A B % 4%
MR, A, R IR I RIS R B C WP
A KRBT, 1

(a) FFAIEHL

(d) 4123 8 1 i

(e) IH4=1

1
C = N;VC” (7)
Heuw;u,weNi,equEH
Cl’_ kﬂ(kv_l)/z (8)

P, C FRT G v RERBN, I v T f
WEN AW ES K, WES N, HE I A
BH o AR, R 0 FRERBOY—ILE, 7>
TN R0 A AT S Z R AR RS SRR, O
BE T AT 0 B9 &, AR R 18] AT BE AL 1Y Fe K
PEAER . IXAN FUAEL S R B9 2719 05 v B9 BT A 48
SR R AR T Y P o 32 LU AEDBR O, Y R BT
Ak ) JR I8 X S8 PR Y A A A O ) L AR
VA B i DX A A I 22 ol 9 50 B B 2 A5
TE LR RE . P C O, W 45 B JR) A A% i AL

3 HBiESAE

3.1 SKBHIE

32 BIIRTT AR b TR b 550 R g sl e Ak R
14 52 e FI ] 249 , AN [R) 3T 3% 0 8 RS T IR A LARDIE
S HEKRKZS, M Open Street Map (http://
www. openstreetmap. org/ ) b FEHL T BRI FH N 7S K
I TIT B A S S50 % 42, AP SN TR) TUAAT I 25 B T
TEAN R R T I Z b e A TE 22 5.
A 3 BRI T RFAS A AR | LA AR 550R 3 4~k
T T 22 000 L TH 4 1l 248 2, SE00 K I A
Kl 4 . BRTHRIE,3 FhRB KT 6 AN [FIk

(c) 183K

B4 6 A SRR B

Fig. 4 Six city road networks

© [ K G BT AR AU A



$£18% /98I /2013F9 8

RIEE, Mg/ AREFRIENE RS TR

T T B o) (S PR i RE AN IR . 5 SO O B
PSSR R R T 3 AN ] 2 s A A ) g% 194 X
(ST
M 4 AT LI 6 Il i 9 45 BLARR €, A
MU, REASI AR 24 2 W AL A /D T HCA 4
AN R U s MR AIREE , A 2 S i S e L
PAIR, 5 AR T 22 53 8 35 5 s BURRAIE T, (D28
A EETA TR 2, e Al 70 LA AN R Y
Hb IR I MU 25,3 A BRI 30 7 % 9 Ll T
ASVABCR AR 3 300 T8 oK 22 IR G A% 0 58 U i)
JE B AR T 3 A4 S Sk 7T i I J LA B2 25 LAASS AR
N E A H 220 AT A B A%
BEHE s B AR A T T A R B 5 R
[ 3k T B ) 22 )t g o 1 55 )
3.2 i M G A AR S AT SR
A2 A 3 A B9 S TR T B 4 M 2% 2 B SR 5
B S F R RE S L X T
e R AR E I R A T e R
AU el B B R, X IR T A2 B 0 ) 1 B
FETCHERIRIET R, JEREATLAY 5 T A B iR i h ik

14F = 1.0

T O )88 T A ek, 2 B0 R 2 A S R
PRI BT T S P P A 2 ) =5 SR B AT L 5 A
PR B AT AR B0 B BIL 2 ol 5 s A
Oy 7 B, BB ML L Hh g R A Y A R SRR
17 A A A ok O 0 9% >4 S R v o R LAY Y
MBEAT B o AR SO TR T AR A R
SO PR B R P TR SR R Bk RE R A AU T
i I B I P AR R A

(I PPAN RN 18 1 L/ Wby o = PP & At i
2l , R IO Y Bl U RO BB 2 A BR A o {ELAR
BT 91 T A B B BB I ol A BB JEE Iy K
% B A2 3 T3t e g 0 4 e, 0 12 A 0 A Ik
TS P R AR A A R T o DR S 5 e R 2 254
PR AT T, oS Sl T 8 ) A T 5 S P AU Tl
BRI IR 35 19 T ) — 19 B H T AT 4, ST %
WA ZE R 2k, PR R AT B2 R0 45 TP BT A 1 s AR
IR B A IS 3 A5 I ) 5 4 i 35t A

Wt 19 45 T 1 s A I 5, ) 4% 30 2277 A
PRALY BB RN Z A HAER T R4 it
0 265 Al AR JEE I S A R AR RO T B R A R .

1.2} :
0.8
1.0 ':f

o
.. S
......

= AR

it

- e
LT

- 14l

- 2l

T

1 1 1
00 02 04 06 08 1.0 00 02 04 06

1.0
&

- 0.8 &L

o~ #
<ok }; s ~0.6F "- ~ 0.6j5§‘;
0.6 M{ 0.4% 0.4 > a
0.4 P i .p-

- 02f
1
08 1.0 0

1 1
0 02 04 06 08 1.0

S S S
1.0 = 1.0 = 1.0
0.8F 0.8 0.8 <
© 0.6 _..:3_.\ © 0.6F “ v 06k o il

[T
— -5 ) - o
0.4 —_‘%-_&T—- .

0.2} .
00 02 04 06 08 1.0 1.0
f
10 . _
0.8F 0.8 0.8fF
“ 0.6 \\ “ 0.6F “ 0.6 \
0.4F \ 0.4F 0.4F N
Y [ >
021 Ny 021 0.2F N
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
f f f
(a) B BOGHE P (b) B8 X 1A (c) A X X &
K5 Bl T B Mg i As ik

Fig. 5

Road network structural changes under random attacks

© [ K G BT AR AU A

1201



1202

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.18,No. 9, Sep. 2013

SCRY R 4% P R R Ao O 24 R i K PR A G AR,
B 24 i o) 2% H e R T 3 T A5 D X 2% T 5 Y
HEHZ L S R,

TELCEERT L, B1xF 3 FRASTRDARLEE T B3 i % 45
PR 3 Azl Sems oo ol T S35 ARGl SR A
[5], B BEATLEAT B MR >4 A 0 v 8 — A1
PR %4, geit s 26 iy L.C A S, B it
I B TR T R4 Hp 1Y S R B AT A s
PG RREIRIEA T, 2 S=0 BRRZ& /it A 1k

4 RS

4.1 BENIE T HENEEEN

R HREALIGE ST 3 Fh BRI 1 6 ST
S PO 5 A A T AU I ok, B S RT3 T P 465
AR AR P 2 R J A L AR B € 72 Ak &l 5
s

KIS R 1 3 RN TRDRLEE (% BE | i A4t X))
IR IR T 0 A 52 B R BEHLAU G I 9 45
AR DL . S v X Bl Sy 24 B Sy AR, B

PR 265 P R AT ol 1) 3 R D T 2851 R Y LA
Y B 5o AT R SRR RE AR bR L. C.So A
KIS sl LU L6 AR TR 25 A 3k Tl s 19 7 B AL
Wil T g it B 0 3 22 5, 3 R RSt
THAY R 25 S5 A AR Al i R 2 T KBy 3 ANBirge: 1)
PIEa i, S A NG N B, 1 I Bl S0 A T — 2R 9K
LT BRI B b, 2 i R o R (ELAR
MR 2B —E W, RN L g8 LT, C
N8N B (BRI PR 2) MR, S R T
W, Ui W 19 28 O B 0 54 22 A MU O HL AN i
T Y 1R I B B 0 2% 25 4 AR R 20 AR Ak, 3 B
N LRI TR 3) ], S T %, M4t 22
REKRL
4.2 ETHRENBMEEE TSN EEEL

K16 Js 1 RTY U Ry H A PR T Sk
R 25 R AE AR B

WL 6 S S X H AT DUA T R Y
HAPEBGE T R 25 R A8 At m 2 3 AN Br B, (H
B TIET 6 (a) (9265 1 i P (2 T B B P 32 gl s
L BRI S, BB By B, 10 B B T4

= ERARE AR
= R
LR [o44
~ S
= [H4:10
LEZ(E4
n 1
0.8 0.8 1.0
0.8+ 0.8
o 06F 5 o 0.6F
04 041 3.
0.2F 0.2
I *s
1 n ! 1 1 n 1 n | ———] n 1 n
00 02 04 06 08 1.0 08 1.0 00 02 04 06 08 1.0
S S
1.0 1.0 p
0.8+ 0.8 x
[ 06F %3
%) 0.6 % 4% 9} % | N %
- q - L -
0.4f i% G R
0ok 1l 02 3
’ ) ) ; | ) ) ) | ) i n 1 1 ! n 1 n
00 02 04 06 08 10 08 1.0 00 02 04 06 08 1.0
S S
(a) M BOW (b) ErHEXHE (c) H DX

6 TR HMPELGE T MEH A

Fig. 6 Road network structural changes under degree-based attacks
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