=

5

*R

28 07 20134 7 H
Vol. 28 No. 7 Control and Decision Jul. 2013

XEHS: 1001-0920 (2013) 07-1046-05
TED [a] 4€ J&) 2 B9 32 i8R 7S i 5k

WIEK, £ 15

AbstasifioRef sidis ez e, Jbat 100044)

75 R g

O AN SR B R T U BRI, 15545 B SR R I . D, AR A ik B AR A AR A T AEAT
s TR ) 5 3 A, R FH AT S0 IR A AR (R i, i — PR HORER IR B 5 SR DA 3D 3 5 ) AR A 3 e oKk
B ) i B FE AR 72, $ T 0RAS 5 I [) S5 15 SR W A 45 TRV 6 SIS . /7 L SIE 56 3 WY, TR X S T SRS s Tt S s
AJ DL A A 8 PRI A 1 PR U SR, VR SR U — P B s T IR

KA R SCHURES: KU KBS M

hESES: TP273 XEktrERg: A

Traffic state feedback guidance strategy under long update intervals
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Abstract: Update intervals for guidance strategies used in variable message signs have to be long due to limitations of
detectors and display format of broadcasting guidance information. A guidance strategy is introduced based on the traffic
state instead of travel time. A traffic state feedback guidance strategy is obtained by utilizing relative stability of traffic state.
A hybrid strategy considering travel time and traffic state is proposed as a solution of conflict between time-varying demand

and long intervals. Simulation results show that the traffic state feedback strategy is able to meet the practical requirement

both in the stability and accuracy under long update intervals, and the hybrid strategy further improves the accuracy.

Key words: guidance strategy; traffic state; feedback strategy; long update interval

—

0 51 =

Bt AZ I 1 ) H 2 39K, BV 2 R B4R TE
e EABE TR A AR AR (VMS). AR it H 4T
SE T R TRNINE, 2 A 0 A AT 5 5 A S S B
PR ) FE 2N 3R

R IR 23 BSOS 5 3 SRS K E0RT A2y LR Y
K1,

1) B skimes. A dhs b R A ARES A vHAT 3t
I 1], AT A A 1% 3 S )32 SR H 2 PID 4%
FEdbl s, 1ZJA R ROR R, (EAAERE T 22 R
SEE SN

2) IEARSNS. T I IEA, AEAHBI T ER G B 18
EZENPSE SRV T nAS DI SR Y RPN T e LS
BT, BRI TR B, T H

ks H E:
HEEWE:

2012-03-12; {&[E1 HHA: 2012-07-05.

BT 25 2% 35 H (2012IJBM064) .
TEZ BN
ARG TREEWIIT.

SCHR [2] B 0K s D04 R B i il 5 | N Bhas s
T A3 Tic, B2 T % Y AR 5 3 S A T — FECAE
B SCHER [3] R B %% W 5 | AP0 TR, 1 2 e
Tl %% (4n P+ state-feedback output-feedback %) 5| A\ i5
TG, SCHR (4] W R GE 2 7 % AR Y | 2 I O
PeSRARIY | TvE 5 B AT BN (8] 45, I8 22 i B
5t Fii8 T bang-bang. P Fl PI#% il 8% AR, ik ¢
BRBE T 43 B IS 3 SRS (1) BE . ST [5] 415 I3
K& 2 IR s e A BRI ST T R B HE SR R 5 5 SR (1) S
B I FH 1] 88 SCHR [6] 4 F METANET! !X a7 52 it 194 4
15 L #¢ T bang-bang. P+ PI. LQI %5 4 Ff 2 1l 2% LA &
2 PR 35 3 R IR R s SR (8] 3 i L A
5 0 FCASERY 1 1) S U5 SR R AR SRS, A T A6 T
AT B IS TR) £ e it R s L AT B 0 A o S e A AL
(VI R SCHR [9- 111 Pl AT B I 18] 5 | N s A5 A

[ 5% S SRR 9T R e v RIEBL(2012CB725403); [ 58 HAR B A SE 4 8 S I H (71131001); s i SE AR

BUEVK(1982—), 5, T, WFRREACE R4 ACHM PSS T CH(1968—), T3, Hdx, [ 421, A



BT

RAER 5 &6 KB 268 3R AR A R 5 R % 1047

Z&, R JLaiih 1 35 S ARCR IR T STk [12] 3 1
XTI B W9 0 4 BT, Ul BT SIS 5 SR ] A
A R g T I SR ) R R S Il . Ak, 3
HR [13-14) H4 18 B AT 5 N B it 42 il sk, B LYY # By
A S AT TR] A H AR T S s .

S R TR S 1t s | #2 1h ds AR HEAT TR
h ARG, XTI 3 8 I 2% A, v] g ) R
PRI [H A VMS 2247 1 e 2 i, i 190 45 R A 6T
TR BRL, 25 1B BR AT R, PR 2 DL e fe At f ik B 4
FRIAT B BN 1) A 3 (2 WL SCR (1, 5, 12]), 1 IS [R5 G4
5 5 DA R 5 PR R J AN 4 o 225 B AR K
TP FE K 2K VMS A 18 T30 i i o, % 9 454 52
Ao, HRIEEEIR 2, HAT AR M P 858 E SR B
1% B A IR AR B (4L 2% B3 Fhgiita) b 3=,
S AT 1035 5 ) AR ] R R T 22 ek O3 P S, i EL
7 B R 3 T (I T ) 8 Do A 0 gt A Bt 11
124 2 min, IXATRE T 5T 420K T 2 min.
I, B OE N T T SR ) 5 5 SR A A K
753 AU (] I 2 S P AN A P R R K. it
Ab, T RGBT H S — 0 TR R S, R S
B o A 0 UAE LA 32, O B B2 I 5 RS
7535 B BT nT Re i R 5 B 2K, 545 VR A Ok 2
AT HALUSY. R, AR SCRLH P et H b, 78 R 5t
TG AE SN 48— P I T A8 T RS 1) R 1505 5 SR
VR & e, JEI I (] BB ERE T AT ALk,
1 BT AR A ) [ 10 i 3 TR s

AH EG i BEAT Tt I T, B BB AT T PR A T S AR
RS G B T i T A8 T RS (1) S 1t 155 SR
DA I3 e, 161 3 7 A2 30 52 R P 75 2. g i 1 v A
F IS LA EAFAE I N R BRI L, 280k ] B i 4
FEAHEY ™ i 22 B AL AR PG 5%, TR e Py i BOS i
N 5] s BB BRI S 1T 7 A R 5.
1.1 St

It IR AC T B Bk BUER, MBS i € 1, [N LL
I bR AL ERATS

R: BENERAR T (BRBUR, MBS re R, [N H
RARE IR B

n(t): ¢ I Z1 2 TF VMS 42580, [\ I n bR &>
H VMS &b A8 i (PR VMS i)

T BB b B HAT BN A

mi(n(t)): n(t) 75 % B b AT 3w (A, AR
mi(n(t))

Z T
ci(t): t P20 Bt D Ab ) fe K nl gl il &=, H
T IR R _EAZR AR PERN 55 4O R, I%AB AN 2
pi (t): ¢ I 20 B T B i (RSl &

AE(): ¢ BEZI REEN S B 4 (A Tl i i
NE(t): ¢ ISFZI N T 3EN 6 B i IIAS B i
i (t): ¢ I 2B B i (1) VMS Y s
AR (t): B Z0E N B B 1 VMS i,
Ao (t) A EIE VMS AL Ag il i i, BRI S i
pi(t): t I B v VMS i 4 33 1 10 L 431,
7 po(t) = 1.
1.2 R @Rl
B BE A [) 58 A2 30 9L 7T 1% B P &% Ak L A9 AR,
VMS i dE N i B i (1) B A9 55 T 25 FF IR LU A s (8) =
pi(t + mi(n(t))). TR R AR S B 1 31 B AT Bl )
W0 T = m(n(t), WERn(t) Zid t + 11, 5
P B I BB i 0 VMS
At + 1) = pia(E+ T o) N (t+ 1), (1)
M B b, VMS iﬁiﬁﬁ.ﬁth@l& H
n(t+ I,
pi(t+1IL_1) = N+ UZ(1)++ )\f(lt)—f— ) @)
HEyn(t) Gnl ¢ + I B IT B N, VMS WA
pi(t+ 11) = pi(t + 1) pi(t + I;). 3)
1.3 BELVMSHRHMERXWEBEE
5E Xt I Z VMS Wk A0 Ae B4 g i) g5 K]
RE I < (¢ + 1T, ), Horp
it = arger?in{pi(t + I q)ei(t + 1)}, “4)

FEfidr* € RS o BRI BB BL.

b 2 A N TEp Y- & ol W6 NI (B 1 BU - 8
{1 % Bt
14 BERKSHERHENIESER

ANRe— ek, AP A I kAR o, 43 5 F AL B AR
AT S [ A A AN A K R B AR, o b A L R
B, LS 2 B4R A (RAS B I 425028 18 75 3K 11 L 3
TR, K5 n(t) BrEAL A B ASE AR
B4 B HEARE, B n(t) EIEA B2 LT A B
A, A MR, Hi5 eH E anR 3 R i
P

HKA 1 PRI AT B AUIRES. AR, T
12 AAT BRI (R BT B, B S TN 1, B

Bi(t) = 1. )

A2 P AR I A R I AT B FR O B A IR

A URFEEBAEAL T ABRRE N i B2 T

Ca= (t + - ) AR5 2 ¥ 4E B, H

_ Ca*(t+Ua*)
Ba(t) = BV O

WIH con (t + ) > A3 (2), WA Bo(t) = 1.
T3 YRR AR AL T HOIRAS. AR STk [16]

(6)



1048 =

K

& * % 28 %

[ 4518, 4 #6308 s 15 e K ml R
M VMS 73 %42 R AS T R,
BsMAG(t) + AE(t+ M- 1)
[L— B3N (E) + ML (E+ 1)

10 3 1 LA A . 5 LS
A
Co (t+ II+)
cps (t+ Iy )’
(7

AAERRAT B3 (1), 24 cpe (t + ITye )AE (¢ + - _y) IR
KA, ATHER Ba(t) < 0, A4 Bs(t) = 0.
1.5 RIFERTHIES R

B ASERAS 5 TR E 1 e 3 2 i BUAS Il
SRADIRZS I TR, 178 5L b A Sy dEd AL .t T
AC TR A B RS 1, ANt A 2 T I 220 R A AR
AT AR T s ZEDIR S, T I T AC AR A 1 R
ot 15 T SR (70 R RS B s SR ms, LI 1), B[ 45 g P

BT I 53, 1331 Ba () 1 B3 (¢) B AT N
Car (1)
0= S50 ®
Ba(t) = o (AR (L) + Car (AR (1) — cp- ()AL (1)

El 1 BERRER. RERIGRRBURESRETEE

2 INAERACE T K 5K G KRR

%

A8 TE T SRR B T R AR R K,
— JE U o A T T R IR A AT R A LA A A R A
HiMH.

Bl il ARNES A, R KR
R B i e kAR A B gk T ﬁéiﬁ‘ o (1) =
ISR 2 5 Bo(t) = C/ NG (t). *m()
A (t), 1 € (t,t+ A], IJH:F:%hAE(t t+A] I 221 N K
it O, 5 HTE. B TIRE RS A ] %
i 22 A (R R 0, 20w 2K FF S B B 42 2
. BRAZ AT KA, cqn () WAFAE R — ] .

R T e 1 TN AR JA I P T BB ) o () FING (2),
IR 23 B T7 %6 BRTTINAS 5 1R HE B2 A1, A DR 8 A
IR AL AT B 0], 1% 07 RARAE T o E R AR
W1, AR (¢t 4+ A) PR ASE T R i S
FBa(t) = C/NB(t+ A). HLAEt 5t 4+ A Z 1), ANidb
TR RS EMAB, MKBEAEL+ AR —H
AbF B TCRAS, AMAE AT )RR gk, i Hoal

CAhE

V

REBEAR 2 3 5165 VMS IS AT,
fil T 28 20 I IRAS 5 N [R) S 4t S W AH 4545 1)
TR SR, RIS TR S B it S ms i (it 75 34 JE X,
ﬁﬂﬂﬁ#l‘lﬂfiwﬁﬂﬁﬁlﬂﬂ P E AR 507 % (L
&1 1). % Br(t) K1 Bs(t) 73 A I T AR A B 15 e
RIS 75 28, W5 SRS
Bs(t), Br(t) > Bs(t);
B(t) = { B4(1), Br(t) < B(1):
Br(t), otherwise.
$oopr: Bg(t) = Bs(t) + A8, B (1) = Bs(t) — AB, AB
[0, 1] Ay 45 5 W B ABBCK, G TN 7] S5 15 S, S
Z I IR B It S
E2 Bs(t), B4 (t) BINBRAILE[0,1] 9. 535, %
TR 5 SR AT 1 T 0 BRIR A S At S o 2 miDIR A AR
B TUIRAS B S HABAN T e PLsh B 7 AL iR 22, 1G5t
M P
3 fiESER
X BT B S 2 B, il A B A4 A
TUTI8IF] Daganzo-Newell A [ 18 A5 784 19-20154 57 % 4
P ECRERL. B B R H I AR 5 R S % B A LT RERIAT
Tt 1IN T ARSI 5 et A SRt AR
it 2 75 V2220 AR b AR AT I,
7E 2 IR .

(10)

e

4000 \4000\4000\ ¥ o -
: g —
VMS 000 00012008~ ‘M
—

KTt /km Ak ey | <O B
NFUIAFAE I3/ (veh/h) | T 4TS J1/(veh/h) [ %{”L
O L
=
= 3.
E
2
B
@ " " 1 .
X1 1000 2000 3000 4000 5000
t/s
B2 {HEEMEIZBEEK
XS 2 TSR 3 4 ) W i 42 B H D JE AT BE

71792000 11000 veh /h ({5 345 % 27K, 2000 veh/h
B AN 5 5 1 PR IR ACAE F 2528 2, 1000 veh /h I 4y 28
7 3), AL 2 5 kW 3 B, RUEPIRAS & T s
AEAE— 22, (RIR G SR IR/ T %R 22, N R 1%
wZE, WAL RN 1s, FEAE R SE 4510 R S5, 5050 4
B 4 iR, tE 407 LLE HSCRRGE, R T SRS
B [PJHERfE, RT LA Ry 15 22 32 B E 5 2 4 R IR I



557 1) REK S @e) KB B 8RS RATH 5 % 1049

800 E— A sk 5 K JE 1) (0 T RS AR AR AR 22, (H % [e )
- S S o I P PP R S R B (0 SR T HE R, LA

LA IR AR Y =24 i A2 38 i o dha i A B e,
SR RIIA O S 2 S S AT (1. B3R AB A, vl Lt
— B NIE R R 22, BRI )Rk R . 2K

AT 1)/

e
& 306924 LS 5) B B 48 4 9 ) 103
0 3 ) ¢ B R AEI B TR S s T AEAE 1R 22, T HL
) s IREE T 5 S LR .

2 800 — 2P 4 & e
= -~ #tS 7 38 [ 380 115 BT R 28 82 46 T VMS 2% T 2
= Fy BRL A, 5 5 S48 s ST SO K, — R 2 ~
7o 15 min. AR, SR LA M (i 0] St 5 5 SR 75
e K A M 22, ok . WK
& 05 JE TS S LR A B 1 5 SR, A S0 2
o - Y B2 P AR IS 4 3R AL, 43 B
(10°s S 7R FE A SR 5T B (0 A, A0 24 IR s
(b) T M7 ILETR(A4=0.05) AR I TV PR I 8 B, 5 SR A5 S S e o i
B3 xR 2 MW LER (S EHEIH 3005) 3T T I AR T SR 5 AR I TR DU RO AN 7 e, B
T ] AR A R BRI AT G £ (R SR, DA
2800 ks B B, 07 RSB A T AR R RN 1
£ 400f S 1 5 J SR 079 LA R0 1 B R O M
& I, T 96 15 U 7 e S B £ D B3 — 24

R, AR SCHR O P T Rk v B

1.0
ﬁ\i— A3 Paran y AVRS Paran > . S N

02 0.5F N 5 G, AT T SRS IR e PR TR BRI
Toof i RV SO SR C A RS T ACI R E A ik HH A

0 2 t,w;;‘ 6 53 T 26 P, P S A 20 B 0 245 ) A 2 S [ i
3% 194 ) R RO FR) 7 LA (4 Paramics %) T EATHG

7%

4 SIMEB KWL R FREAHA 1)
UEA)) 3k — 20 T
= 800F T .y
= --- gg}ig 52 XAk (References)
= .
= 400+
B O bk--— Ny [1] Papageorgiou M, Diakaki C, Dinopoulou V, et al. Review
1=
- 0 P 4 6 of road traffic control strategies[J]. Proc of the IEEE, 2003,
% 1.0 91(12): 2043-2067.
EQE 05k j%—\/—A [2] Papageorgiou M. Dynamic modeling, assignment, and
. [ ) ) ) route guidance in traffic networks[J]. Transportation

Research Part B: Methodological, 1990, 24(6): 471-495.

[3] Messmer A, Papageorgiou M. Automatic control methods

applied to freeway network traffic[J]. Automatica, 1994,
30(4): 691-702.
[4] Pavlis Y, Papageorgiou M. Simple decentralized feedback

strategies for route guidance in traffic networks[J].

Transportation Science, 1999, 33(3): 264-278.

[S] Messmer A, Papageorgiou M, Mackenzie N. Automatic

control of variable message signs in the interurban Scottish

t/10%s highway network[J]. Transportation Research Part C:
W 1§ SLAR(AB=0.05) Emerging Technologies, 1998, 6(3): 173-187.

5 SIXEBIKELER GFIEHN3005)

(b) WA



1050 F Ll

* e 28 &

[6] Wang Y, Papageorgiou M. Feedback routing control
strategies for freeway networks: A comparative study[C].
Proc of the 2nd Int Conf on Traffic and Transportation
Studies. Beijing, 2000: 642-649.

[71 Messner A. METANET: A macroscopic simulation
program for motorway networks[J]. Traffic Engineering
and Control, 1990, 31(9): 466-470.

[8] Wang Y, Papageorgiou M, Messmer A. Feedback and
iterative routing strategies for freeway networks[C]. Proc
of the IEEE Int Conf. Mexico City, 2001: 1162-1167.

[9] Sawaya O, Doan D. Predictive time-based feedback
control approach for managing freeway incidents[J]. J of
Transportation Research Board, 2000, 1710: 79-84.

[10] Wang Y, Papageorgiou M, Messmer A. A predictive
feedback routing control strategy for freeway network
traffic[C]. Proc of the American Control Conf. Anchorage,
2002: 3606-3611.

[11] Wang Y, Papageorgiou M, Messmer A. Performance
evaluation of predictive feedback routing for freeway
networks[C]. IFAC World Congress on Automatic Control.
Barcelona, 2002: 365-378.

[12] Wang Y, Papageorgiou M. Real-time route guidance
for large-scale express ring-roads[C]. Proc of Intelligent
Transportation System Conf. Beijing, 2006: 224-229.

[13] Deflorio F. A routing feedback strategy for urban road
networks[C]. Proc of 7th World Congress on ITS. Turin,
2000: 1-8.

[14] Deflorio F. Evaluation of a reactive dynamic route guidance
strategy[J]. Transportation Research Part C: Emerging
Technologies, 2003, 11(5): 375-388.

[15] Barnhart C, Laporte G. Handbook in operation research
and management science[M]. Amsterdam: Elsevier, 2007:
637-677.

[16] Laval J. Graphical solution and continuum approximation
for the single destination dynamic user equilibrium
problem[J]. Research Part B:
Methodological, 2009, 43(1): 108-118.

[17] Daganzo C. Fundamentals of transportation and traffic

Transportation

operations|[M]. Amsterdam: Pergamon-Elsevier, 1997: 25-

46.
[18] Yu N, Ma J, Zhang H. A polymorphic dynamic network
loading  model[J].  Computer-Aided  Civil and

Infrastructure, 2008, 23(2): 86-103.

[19] Daganzo C. The cell transmission model, Part II: Network
traffic[J]. Transportation Research Part B: Methodological,
1995, 29(2): 79-93.

[20] Jin W, Zhang H. On the distribution schemes for
determining flows through a merge[J]. Transportation
Research Part B: Methodological, 2003, 37(6): 521-540.

[21] Newell G. Applications of queueing theory[M]. London:
Chapman and Hall, 1982: 1-98.

[22] Lago A, Daganzo C. Spillovers, merging traffic and the
morning commute[J]. Transportation Research Part B:
Methodological, 2003, 41(6): 670-683.

55 25 Jm b B S R IUE S A T

5525 o 1 45 5 P S 23 (2013 CCDC) T+ 5
H 25 H ~27 HYE SN 52 BT ER A T, Sl 2R
JEK 2% TIEEE H7 ndsk 1olk 1432 I TEBE I /R V54
R G WA 16, SRR HAR R b, ok B E A
A v S5 B A RURMIEH LA 1) 650 2 A7 AR S0 T 41X,
Hp EAMRER 20 RN, X2 — IR E R 2EAR S, KK
FIE— i, AT A A, R AR ), S T KR
[2EAR AR

5125 H EA2AT T RS R R EH.
HRACKFMC L E R, RAL KRR K T
R 28095 ST 1], 5 MK 27 5 2 10 /N SR 0% 30
o], [ R AR 7 22 0145 35 Changyun Wen 2% /1
P WRE?, BN B8 TR T K JE R 4L 3 25 9F
P,

KEIRE 7 92 [E 3 410K % John Baillieul (4% -
Hh [ R 2 o R R e 25 12 0 3 4 SR, A o

5 e S5 ALK 110 B0 i) U S5 BT AR 9 R SR T A
KRG FOAS Y YF . X 5 56 1 {2 R —
Stk 8 ) EUIEAT T A VR, A2 B T AREA 1
Xl

R RAT T €55 25 Jaa v B 6 5 P s 2 R 5
20 JeAt. JeA #1000 F 6 S0 E N IEEE Xplore
Data Base, #fEif6'&.

A Jiti 23 WAE VEE 7K fif fist (CCDC) A 75 7 41 18 3C
LR, A S SRR A, A& TR
A0 AT SLART5 1A 18 SORTH (IR i i A Uk 3
T,

WIFE TR 2 R 5K B NLBEZ AR N iz 7
BRI TR T 2014 SRR VD 28 IR 1) 58 26 o o [ 428
il 5 ¥R 521 (2014 CCDC) 1% #1530, FEXH 254
REBWS N2 1L

CCDCHARFE R4



