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Dynamic Dual Graph Model for Turn Delays on Road Networks

ZHENG Nianbo, LU Feng, DUAN Yingying

( State Key Laboratory of Resources and Environmental Information System , Institute of Geographic Sciences and

Natural Resources Research, Chinese Academy of Sciences, Beijing 100101 )

Abstract Traditional dual graph modeling turn delays at road intersections are ill-suited to the time-dependent route
planning in the travel information services, due to the ignorance of time-dependency of transportation networks. With
introducing a time factor into a dual graph, a dynamic dual network model is presented, where the links in the original
network are mapped into the nodes in the dual network, and the turns in the original network are mapped into the links in
the dual network. Besides, the First-In-First-Out ( FIFO) condition is defined for this dynamic dual network, and two
relevant arrival-time computational formulas are then given out. The classical label-setting shortest path algorithm is
temporally adapted to the dynamic dual network by the definition of origin-destination dual node sets and time-dependent
dual node labels. An experiment on a real road network shows that the proposed model is suitable for dealing with the turn
delays, and saved about 16 percent travel time in the real-time route planning.

Keywords turn delay, dynamic dual graph, FIFO condition, route planning, shortest path

T A I BEAE ) JCAn I 45, DA T K I TR L BN
25 190 245 5 25 1 B ) 7 8 9 5 R ) —
5 D) A 1) T B B A T R T S A Ay I [ AR 14 A

Wit 5 2 0 A e 0 3 A R S5 N R R ek e T AR R AR, 3 S
T 5 L S5 B M 55 7 1o i B, A Rk T A2l SR R = X B ) SE GRS A 5 8 . 7R B S A0 R S
P 25 4 I AL ARORURE VM, O S A STl PR T RO BSAR ML v, S SO e g e | A G S 43R I () 7 4 AT B )
QPSR O R BRI, xhit, — 2224 pE AR R E., mH, i TR—2X AR

0 5

i

ESWE -ERARF =S H (40871184) 5 [ 5 & BAR BT 5L & e it X (863) 1R Tl H (2007AA127241 ) ; v (& 1 + )5 M 4 Wi H
(20090450563 )

%8 B #5:2009-03-19 ; % B H # :2009-04-16

FE—EEB N BAEW(1979— ), B, hEBFRBIER 2 S EM R LS, FENF M GIS A8 H RS 7 & IR 5 55 )y
MTF5Y . E-mail; zhengnb@ lIreis. ac. cn



916 rp ] 4 DR 25 i

515 &

Bl i) X 7 AN [ S 158 R ) R R R A A AR S E
(LS) 4 B A2 B v i — AR 5 IO SR, B X 45 44
(BIZE ) 347 b5 5 B0 e S I A 18 % 4 s R T
G

Oh T A AR R S ST i S SR SR A B A R
B, Afez S \HR T XHB I Rk s . HEEA A
SR D] v G B e S5 Sy o £ P e e I
FR ] — 17 5B 22 A B 1 e S S o A 8T HR AR TR 9 0
Bto 4k, Winter VR4 48 T 3% J7 i 76 %42 ML vh
SO T Hu 2 N DR B A B 22 i 47 2
OAFTRBITFE o S A, TR BE A ) 4% 3 ik
UL R T BERR S A B A R R kY AR R
bt R S T R SR AR . AR, R X S 5 )
FESR b PR 7 B T# S M4 WA ZIEF 22 LA
Bk 1) S 313 T I B0 T O 0 % 1) 9 B % T L 2 1
1603 A T B R 3 I B A, R I AR 3 2 G A
R 1] 55 S A

2@ Bun And ISE PN ORI
SER B 1) S R 5 2 X 18 TR 3k, I s S A x1 K
20 FIFO (Sei e ily) 254 i 1k H T s 28 X 1)
bR S E R AR,

1 HEZTEMEREFEERIE

1.1 FHEXEME

HISAEM G E LN G=(N,L,U), H,
N=1{0,1,,n—1}FRMiRILH OB H4E L
TR MR AT E B G 10 N B 4L, U Fem il 4
OB SE YR A5 ) B 6 06 B, HCAT AR I () AR B T
A 2],
LC i (ijw; ()] (i,j)eNxN, (i,j)#(,i), teT|
Hortw, (0) 75 0 B 20 R AR B, (i,7) b T R
W], T 7277 I il 42

Bk i) 5 SL g T 4 i R IR BE 2 1] 1) T 6 & (i
3 AN FELET 2 I =TT R ), M E R I )4 T
I e v g ) 20,
U=1{(ijk,r,()|(i,j)eL, (j,k)eL, teT|
o ry, (o) 3275 o I 20 i 9B (i) W% N BE (J, k)
JIT AR B ] o QSR A k0, (1) = oo,
1.2 HBEFRE

X 11 TR 3 325 B i A SRR T ol TR R i B ke
S S o (5 A5 8 R A 1 e S S X B B L
T, BRSNS G 1 xHE M4 D & X

D=d(G)=(N,,L,)
Horr,d 2 — A WG 8f G=d ' (D) ,N, Jyxt
7y i 4E L, CN, x N, X ilBedE .

X I 0 % A R — SR BE (0,)) e Ly, B AF
TEXE Y M ae Ny, i1 a =d(i,j), (i,j) =
d"'(a) A N, =d(Ly) ,Ly=d " (N,) . X F %
PR (1., k) e Uy, BAFTEXT BB (o,
B) eL, fifH(a,B) =d(i,j,k),(i,j,k) =d" (a,B),
Hri,a=d(i,j),B=d(,k), (i) =d"(a),(,k) =
A (p), A L,=d(U,),U,=d""(L,),

B, (0) Ry AT 25 B3k B[] R 4, RO o B 21
HEA G XY A o BRI E A ¢, (1) =t +w,
() H,a=d(i,g) o W L,00) XTI E 3 3K i
() BRI S, ZR 73 o B 20 DA XA 39 6« B R T X A I B
(a,B) BIKXAE T 5L B YA, A £ (1) =1+ 71y,
(1), Hr, (a,B) =d(i,j,k)o ¥ 7,(0) R ¢ I ZIA
XTAR T A5 o 0 R T XTI (o, B) B 35 FH 25 X 1)
R B E A

T (1) =,(£5(1) =

t+r, (1) +w, (t+71,(1)) (1)

wp=tlo,a,, ,at (>1,a,0,, ,0,c
N, ) R R A ) 46 ) — 45 6 AR, U] HE 3 5K B[R]
X H

A () = 70 o (T (9, (D)) (2)

T2 3 X P 3Rk i 4817 o Jt A

A 5 A AL 8 R INEL, 16 A AT [ By # 1) (8]

O:

(R

‘ ........................
O X5 .0 ,O
1 4
% S 4
v
O xzxn Os O FATHEE
> BATIER —> A
@ #Eams ——> IRE

LT O o 4 ] 3 5k

Fig. 1  Dual graph representation of road network
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Fig.2 Spatial-temporal trajectories of vehicle
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Fig.3 Time-delay ratio histogram
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Fig.5 Route planning without turn delays
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Fig.6 Route planning with turn delays
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