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Title: Research on Dynamic Guidance Decision Algorithm in Intelligent Transportation
Systems

Name: Qi Zhao

Supervisor: Jie Lin

ABSTRACT

In an Intelligent Transportation Systems (ITS), to determine a non-blocking and minimum
time cost guidance route from the departure point to the destination is so important for a
vehicle driver. Thus, many static dynamic route guidance decision algorithms have been
designed so far to help vehicle drivers determine such an optimal driving route.

In this paper, we analysis several widely used guidance decision algorithms, and then we
propose a Dynamic real-time Route Guidance algorithm using En-route judgement and
decision(DRGE), which is based on real-time traffic information and can en-route make
decision whether to form a better guidance route or not. Our DRGE algorithm uses mesh
network technology to reduce economical cost and at the same time to improve the efficiency
of information transmission, for the technology relies on wireless communication among
vehicles rather than fixed infrastructures. More importantly, DRGE considers the production
and transmission of real-time vehicle parameters. With the help of these shared real-time
vehicle parameters and traffic information, DRGE introduces the trust probability (TP) to
predict future traffic conditions and use it to help drivers en-route find a better guidance route.
Moreover, DRGE also considers the effect of external factors (such as bad weather or sudden
traffic incidents) on roads, and it can take quick actions to deal with these different situations.

Based on a complete theoretical research, from two aspects of the time efficiency and balance
efficiency, we analysis the practicability of DRGE under three different traffic conditions (light
traffic, heavy traffic and moderate traffic). Through our research, we have theoretically proved
that DRGE performs very well under different traffic conditions, and it can improve the traffic
efficiency of an intelligent transportation system.

We have also done a series of simulation experiments on DRGE algorithm using a virtual small
intelligent transportation system model. Through four groups of parameters under different
conditions, our data shows that comparing to the existing route guidance schemes, DRGE
algorithm an effectively mitigate traffic congestions due to the sudden increase in the number
of vehicles and greatly reduce the average driving time of vehicles in road.

KEY WORDS: Intelligent transportation system; Dynamic route guidance; Traffic conditions; Real-time
traffic information
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Floyd 5%k 4 #% N Floyd-Warshall 5%, SRR %, TaELL 1978 4 B R K3k
55 BrHARE R AT ENLRLE R 2% Robert W. Floyd a4 . & A LAALEEA [m] (] 8%
G n) B AT S R ) A R BR AR I ) . N AE T R AR I R R, AT
Dijkstra 5%, EE T iFEALE S AR RFERS, HENEERENOM?),
Dijkstra Hi£H0(n?) 25
2) B4R
& 2-1 Floyd F i AR ALk SRR )
1537 2.3.3 Floyd s B8 AR %
BN EAER, 2N, HEEAERED
Byt TR TR ) B PR RS DI ]
PSR

For k:=1 to n

For i:=1 to n
For j:=1 to n
If D[i,j] > D[i, k] + D[k, j]
Then DIi,j] := DI[i, k] + D[k, j]
End
End
End
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Floyd 53 (0 BB AR T 8, BARE S iR M RE i B3k 2-1 s Horr, JEFE D
PRSP A RS S, DI, jI RIS i B s RO BE B o BRI AR At B3 5k -4k
SR R ) ke, IR Rk B B AU BE RN B e B S R BE R A, N T A
P RRIER R A JEIAGEHE, FERE D RIDY PSR 1 SR B AR R

JS2FH 21 3 TR AR A3 36 M BRI 25 B LA 5 (R 4 AT H R L X AT
SR BT BU (R A E N BEERORLEE, T DL A5 BIRIHERE D 2 o 2 B 0 26 1 AT Bk i )
B TR AR o

2.34 R ARG (AER)

A*ENE, NN A-Star B, RYETHEGRATHR R KA REEZ —. BRI~
AR T RN E W B AR R I EAR, — 2 DL Dijkstra SRR B G
MRV, B LAHAHERA R tH— SR i R BR AT, (IS Tl E RS n—Fhis HE k=
PR%L (Heuristic Function) FJifEMLSCHEZ (Best-First Search, BFS) Hik, ERIEITH#
FESE R, AHEAREORUEFR 2 1) %A A2 S A 1Y

7E A*EEA, A R, 2 aldg(n), Fom WNWIEE R BT S ES Rin AR
frs h(n), MG mn2 H AR R XPHEAA . 24T 858 AYI6 Sn H B i #%3h
I, B AU PR A A A AT R 31— 2R de AR R R AT

AR I I 32 B B R e — S 53 e ) % e R, i e () ] S B
ST, —BcRYE, EEAE SN, A*EENh() S KPR L), BrbA
A*FEEFARSER T [ Dijkstra Bk, HARRSEILE RS AR 232 N ERNE .

2.3.5 it LA A LRI SR

DL BB BB AR R EE IR A B T 1TS RGN SEm 3@ S 8, 1 R A2 i
SHIERA FERTE S FRGEN T, R ERAT B[R], 285 1 9 BUE R A 215
2. XA AR SIRAAAE B TR A, AR AT REE I A A1 1 DU A 25 B H R 2 T
MOLHAE, REMIEEBHEIFA R E A RE 2 3. Fril, B ITS HsEmfsg
WG, TR T Rt M sh A AR LRI S

XA B 1 AR L SR SR AR BT 5, A2 £E Dijkstra A EE Floyd Hk 4k
fiti b, FEZSBRE HURHET, A ITS SRALH 2 A7 H AN 215 A28 5 B ——Hh el
G RS AR R, BV — RO 5 R 2 R A E B T 2 4
AT DRI 22 AR B A T SR, B vh 5 — DTS BOAT B 8] XA K,
L ANSEF 155 AT B TRV E O SR AR, 15 B2 10 SRR, SUn] BLEL 2 R
IR A SRS ISR TEINTT & 2 3 51 R 2K

SO BB AERI RS & 1 SRR M 1A EE R, M 5aESr b
WL, EA DONE RS RO S TR 1 SRS, BRCEZ M ITS RGN .

2.3.6 TG AR L
ZATHIPYAS N R SCE TR T LRME S IR S B AR MR Sk . fE TS 1Bk



2 HMRIAE

SR, BRSO RAT BN AR Y SRR RALE, AR /D I i B 2 A TE
HIA R BB . S RIahS AR R C 2R M 1 ITS i sEmZ2i@fE e,
CLAG I S AR A, (B2 B3RP BOBR AR R S0, 380 W o5 B 0 A 22 B
EAPAE 22 WIS A, o2 B I AR A N S B2 R 00 o P SR B8 B3 L2 W PRI A 1 13 1) B
Berb, TTS BEM R A 5 0172 B 03 7 BEAE A5 IO RSN 18], 110 AN BE NS 745 B 25 Bl B3 458 sl S
W5, Fril, UL ERSEEEAA S € I RIRYE, &2 EnE e Sk 8. ~—
B er 9 AASCIR ) DRGE 5%, SR A% Gt AR A R 550025 10 )

2.4 AE/NGE

FEARTH, SCENH THRMN Mesh T HR, AR SORIXF SRR T Bk
SRR, ROk, ASCRIM SR RS AA &40 ITS RGP ARG —
SefLE, JCHGRAER R BNIE . A SRR L BA T TR I H . A TR B EE il 7L
e gk AR NS, R TAIFEAENA R 2 AL, FFEJR LM E T F R T — e
TR SR A R L [



V2SR AR B GR30

3 DRGE )7 52 Bj 12 S vk

3155

TR CEND T IUAME SRS BRI EE, TS A R AL,
oIk 2 1TS FR G5 rh 72 B 35 A8 B S ) DU & (R I [ 58 AT B B b FEA T, K
I B R RN SV R BT AR R SR BR e, SO T — AP TS A2 085 B, 1E
AT B R IR S BT I R SR ) B A S BR AR PSR SV (Dynamic real-time Route
Guidance algorithm using En-route judgement and decision, DRGE), XFH 272 12 S
RUEE R T IUA AR B TR AR AE N IR R, Re 8 S R PR BE I A B I 2 e 5 — 2%
AL SRR AF P E TR T DRGE Bk KA Hyk g S5 8L mE.

3.2 ARG A

K 3-1 Rgpm

N T BEAT R A S8 5 7 [ UA AR, AN DRGE HARGE 1Ak T 44,
TEERIITS XA ST, a1 2.2 /NPT, ASCH I R G T Mesh Jo2k R4 28
B, RGP R EA A GPS ERREN RS, KW ITS A 44
ISR AL AR S . AEIXAD RGN, MUE R ACE RS BT TEHAT — N5 HLPE— [0 T8 G
T (Road ID), #¢iCWRd; 35518 B BATIE M7 25 B BRI 70 T A RIRIE s v B, B
ANME R BRI AR E HLME— 1 BUW S (Segment ID), #iCNSgrq, RNESE
FEIE R FINSE—/NMER B RN, KRG 560E el & 2A 7 e, B
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3 DRGE Zh#& s 12 S H

T8 A — N ATE B B AR RN R

EIE 3 -1 KGR BoRIRE, AR SCR R 48 F & —ANTE B 2 18] 17 R 50
A AB,C..LLIEEHE, P s A F1 B ZIEIIEEE ] RE/2 8% AB (Rd,p) BUEEE BA
(Rdgn), XTSRRI 5B B, 7RIS AB _EATIU 240 B AT i A
RATHENN /LB, [FIFER, fE1EHE BA AT ZEM A BT A B AT IR A A
B AB BRI T RS RE R = ANER T B I NS GRa g SRaus TIS T 1
RTAERUR AN G SE TS, 3X Bl SR IE B 3 — AN B e — N Bod ol
SGha  HISgHEL  (LLEH AB ).

R LI AL I D, A SO 2N 52 48 b g 2% 10 i BT TE F m)
A—NEE. WHRY, MR—EATIEER AB L, A EWE EEIT IS G
KAoWERX —FELATH, MASERPHATEENLTE ., XN RGAE LR FT
FLSL AR H DL, 9 anfE B AR 2 3R TT I AE =1, 5 B AME 2380007, X 2%
#2 RAA XA, T AFAEZETE A s O R, W SR A SO 5 () 34t |
FIEZ N E K EEIE, BT EAEEATFHO GEBR S A RE AT
M, HHHOLEIRZ T EWATHIEHAE K RAER, Froltn] DUREM Y R A
SR TE . SR B R, PR EE B D AT AR I TR, RSN FEIE B AT
B AN AT AR A RE e IR R AT RE IR AT B FZ, FF HARFHAT MR E, A I
A2 B AL 3R B A 1O

R ZE 4 HME— B ZE8RIR (Vehicle ID), 7ESZPrARiE Th Al BE 2 EWI ZE LS
BUH IS T R 5% 5%, KBRS MER S F B, IR 3 -
1 PR, v Ew, HP R B T e TiER AB KI5 2 ANEE H
B, EHwATBE] T IE RS BA B 3 ANERE B

B2 BTEE =% 2.2.1 AN AER, RGURER LN E R B B RN
—NEWES, FHEBAEWRES N &I IE S B S BB E AR R
S TTER . £ 3 -1, BT EWufEMuEi T8 e] 7ER AB 5 2 MER A
B, PrUAEMATI 2], Efuf E oo 2 — MRS, TH T EHultt E v E
DL PCIE % A B RO, BT DA P R u e DR R R R A 518 . [FIRE,
T BA HIZE 3 MNMEES BT RAME— N ZEWw, FLLVETER T A — R R R
A HHEHEREMESIATTH . EHwil w2 A AH BAE B AR R & PRI
RN SEIN 285 B, WIS R 5, I B EaE A3 G LIRS AR S
FoAh 5% CHifv).

3.3 HLiAik

FEARSCSEH ) DRGE SHUHNE F, BH] E— AN g NI RGRAL. ER7E &
GUATHE, BESKIERSEO N TR B B BT RO R N
WSS, RGNS SETE G 10 ST AT SE SOl AR B A AR, A
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T % A B 7 57 2R 5 AR T B B A BT AR AR AT S S AE B B AR . X
—K, BT LOE I 5 2 (B R I TC 2R Mesh 2543 B 508 1 224 R G0 F
A AR S AT B

TEAF B RGNS B B G, B—WERE A SRR, HEArAHNE
B, ZJ5, DRGE FHUREE 2R HIX A6 05 8, BEEMTHE “(SEE”  (Trust
Probability, TP), HARKITFE VT N SCIEANgER . fE/52] TP EHfEF GXMEHICH
TP yrrent )» DRGE W MAH 5B 0 #7EAT £ /T TR TP EBEELE . WERTPyrrent
KFBMEe, WRRRG U SIS ETIRAMRE R — &R0 S &, g
TPeurrens’N T BUEQMIRHE, REMVNEF LT SN ACEAHE —FZRIRN T
A% e, UEE, DRGE e N2 k# 5 sh— 4% TP [EMX B R SHRE, 2 /5%
B nT DAV SR 5 () SRR AR AR 24T B, JF HLER Ve bnT DL A B A )k H 1)
o 2t FIREEFE, DRGE SHURE AR T H 7 H e i S/ s AR R BT A7 72 1)
Te v S I AR 8 S o A JE 7 50 A s B2 ) JRI B, B AT DAAR KRR 22 A FR T A 2 R
SR VRIS T T s S ) T ¥ TN (1) A2 T 1 5

DRGE 3 5% W ik AT DAAR S 25 338 AN [F 1) 75K, & BEAFm A 10 S r %, filan
DL B L AT B () B S4B DV E N S R . B iR 2 B — MR iF e 2 VR A
TR0 SR T, #AT DA O R B S A R A I 2 B R AR . Ak, ARSCRR T
DRGE S RIS [ B T BR-50. TB I 2 AN — S8 AR o6 T 28 B s m,  aise
SRR A B BAMNIASB S, fEIX SRR RS UL N, DRGE AT 45
PRI TT 56 6

NI 3.4 /N BAKDT 6 DRGE S S0 1 B R

3.4 BHIE AR

3.4.1 Hfls (SRR BIFREL

H—REH, ITS RGHEMHERI LA — GPS BIKENM R, — ML
—ANTCLRVA RS, XL E ) R T2k Mesh M H e H O E, RO
BB IS H, R S & 1 25 s 5 L 22400 =

D FE— ERWILGL

32 /NN, REFHEHEEEIRT T — 22 D, £ RS ICHTE
TSR, Wiu, viliw . ZEARIGGE B R 2 7E — R AT A, SR80 (9 2240w )
1725 5 7 Y R 22 WA S R VR R AT AR A S5 SN, A1 H PR ASDN,, » 758 H OS2 1 I
WREE, FHMARIITS RGiH. M, REHTAT R BRI ID, Mt 17 ik
48 RSN, FTEH B #DN,,, PAJ B I35 T S AR M I iF B B, FRR X e S 5 A7 e N
i . RGUIRIEX S, SRR —FWIEHN SRR, Bt ] DI G X %05
I UEAT B
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3 DRGE Zh#& s 12 S H

2) H0b: TERSHUNERIL

VIR R Z )5, RO IaIE RGOV ERIIaG SRR AT 3. 21T 4538
R G 2 B AR AR AT KN AR S AU B XS B AT
ZIT, TERE AN ZIT R AR, EE R EINLIIRP, . RGURX S B AL A7
F, ORI TSR AR SR e S

3) W= JEMSEHIIREL

AT S, ARG T RPN SIS RS, 6/ Z S RIS
IS XSS PR ATRAER ID S Rd, R ENIE S BT
SGra» HRATHLTERS 0 EWra, ZRTAT BAVTEFAE Lrg, SR A ] REXTIE
B AR A A LM RE S IncS9Ra, - GEAR [R5 A BEXT TE % A0S IR DL 2K (K152 i
FEIEWea®Ird . R G [FIFERIX LS HUEAFAE WA, FRVPAL SEI SS@ AR . 34, 1k
WZ AT 81, BRI Z], RGUHARR Bk B 2k TE % b BRI E I 7 BOE AR S I 1
VR FTLL, BRI 2 R G T B AR AR A £ P R R B ACTE B BU O
RUBEBIDs, IR, W AT BAJT (8 R G — AN ZEE & 1 30 (1 440 1D

4) HL: HHERfR ST

FEER OB MR =00, W QIR R 1R 2 RS HOE S 4L
PRI O T ik R g HAR AL AT Ly 2 QSR AOEE R, B ER A QS
ek th 25 ARV LR TR AE AR HoAh 42, it BASE BARRICAR, B
DAMERX B ARG R AR 27 A sl fEm Bk, ARG R eEE 73—
I ZNZ 2R R JF BA Rk R G HAB A RiE R T (5 B . Fw e
Z07 A B A TEAS 2 RIRE LU R PR«

R, = (W|T|Rd|Sng|Vw|Pw|WRd|LRd|InCSng|WeaSng|DSvSngd) (4-1)
At | BT RS IERTLANA CE R

BHIH

IR BIRE R SHES, & U EES ZH R, PredERr™
A2 A, FRwatl B Q08 IR AL BT T Mesh 2%, B &R, 0 4T
Ja R FCAR 2255, [RIRERS, B ] RATRIIN #2252 5K B ) T 22 4000 S (4 75

R, fEZ ATsRiEIE, ARG RESRTE A S ET R (1 0 i 1 IE B A B RN IE R A
BA M EMPONN R — DS, £E T RIZITER FBUh O S PO F
WA 5T . IR ERHER, ZEw T A A8 AE B AR Ry, R RRAE 41T E P
ALETE RS B AR s S BRI, AR, N AR w BB R 1ok B R TE R B
FoAt 2R s 20 e S Bl ity , XS E LR

Rw
w — *

R.
*x — W (4-2)

A w —— HFT G40 ID; “*7—— 2§15 R w A AE R — T8 # Fr B HoAh 4250,
R, —HHIHEwr LR AR E BT R, —— AR A ss@ (5 Bk “ -7
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=B 7 1) o
DL I FREE AT , ZE w4 B 1 B T A — B 2 0 T S A R
et o REAIY, ZEAmw R A AR A v Y A S A B0 R BE B DX — AN B
SR HLADs IR RNDs IR RN o U S22 0w 3K — B Ds R S fre /N, B8R 44
w LIy g B b i vl s BRI — 2, IR A BRI —ZIRURN 1B B B A
TR W0, WS R B DT . TS LI, A R B b
A =t A I S HEAT IX — LU B AR, i DARE— N IR 2080 B 2 Hh SR — LS <€ 0 TE
B B SR . BRI, BUSERRE AW E T, BT AR — AN E B BN 2R
ARG AN AR £ 1 B ST 2R AT R PE B B TR AN T AR AL 1

Zik LR R, R AT AREAE RN 2, R AR TE R I RN I B IR A
[R5 ST ZEMI D BURS, SUSTZRAoNs A 22 BT/ (K030 % i B A 22 3 ) Sl 15 R AR
RATHSAERL R, SRS FIHIE A U EE, THEAR) L BN S —— YT
B WS KINUm IR, AT B B 08 1 Deny IR 24l T B 1 B 2 AT
PIZERES AR . AT Sy B I DA B2 2 A

Numy9%¢ = YR, (4-3)

e 7 —— UETERR S BOITA 0 R —— ARTER A BRSO
IR A8 T A AR SRR

DenSIrd — N"m—ing (4-4)
T WRa * Lsggg
e Lgg,, —— HHTTER N BHIKEE: Weq YR TE R ) R
SdyIRd = —— V'V, 4-5
T Num;IRd 2 (4-5)

PR CYRTEE A BT B V. —— ARTEE A B B
EHEAR LASHG, MRTEE B A I 0 S E T LUE R — A Re g
[v1) JF) R 18 BB AR B ) e A BRSSO PR IR AN s B A5 B AR A RO AL 24 T 221
IEIE B B A8 1815 BRI . 5 I8 B A SCHE I USRI AT UG EE IE HRES T
PIZERH T, BT DAEANE R R Can 8RR S AR B AN AZ I S (152
R B TG, BT DATE IR B R A2 MR AT AN 1R B 5 DU R R R 2l A BB R, 4
BN IEH 0L R BIBAE AT 20RO -
IEH UL (A2 815 B BRI B LR AR A
NR39R¢ = (T|Rd|Sgra|Wra|Lra|Sd39R¢ |Num;9R¢| Den;R%) (4-6)

X )7 BT AR5 OAE EXCH .
FRUIRIL T B A8 185 AR EH LN A A
ER?ng = (T|Rd|SngIWeaingUncfngﬂDelay) 4-7)
K« —— EEMT Weaingiﬂlnc‘ngRd —— R B 38 SO L R

M RE R CUnE B PRE A, FEHCR M) Delay —— HTRAAMRILM
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3 DRGE Zh#& s 12 S H

BT AN A AT T S 22 T OR (10 B TR R SE SR

EHEESNL, IEFEL NGRS BIERNR AN 2 &7 B L,
fHESUROL T 285 BEFERERNE A EIE R AL T RFIR BPIROUN A2 22 5 i
PR

X IEH RO RAZIEE BEHRRNR, FRES ST e s, R
b % P B a3 AR, [RINB SRRk B B RS B Ay BOH AR T ss = 2R IR 22
AR SHHER . 7O SOR A8 AE B AR TR B TURKIE RS, IR
T 7 B AR AR A e I BRI SR TE R o I RS G B AE AR AT 2 T SR
RS SRR R RIRIE EE, A G 5T AR A 0K A S B SRt A AE A A
H, FFIEAS KRS T EAE B B, POt TR B A AR, T
FUR S —A>rp ] e Rl R, R b B0 e (5 3 20 B (VT8 I F Bl T 5%
SURDL N 2B (5 BAWEIMER, iEM AL TRIRIRGUN, R BRI R, B
FERIROLAL B SE B2, BRIt A0E — M 5 R il R IR IR, BRI RIS 5 1)
A Al AR R B SUIROL N AIEMS SR RER, USRSt 2 B 2P =8

R LLERIERE, RS S HONTE S B0 AT AR Y L A R B4,
ARG B AR RT LRI (R SRR B 75 A8, 9 R R AR AR R B 0E — A R 2
fiffo

3.4.2 ZZiEAR B HA E

AN SCE R T AR WA SR B S I A AR B IR R AT . RN A
FEEATI TR B SE N AEAE B G, AT DU R AT X T2 @R O FE , IR Sem)
(AT IR BRI F AR AT

FERXR— /N SN T RS @R DL A E AR e, 2372 AT 3L 8] (Travel Time, TT)
M ZE5% B (Traffic Density, TD). {HIEX Z BB 402 51 A—MNEAR TR B 7 AR
WHEENZSEH——A51EE (Trust Probability, TP).

{G4EE (Trust Probability, TP) £ DRGE ‘i 5 4t H1 & F SR I 2t — i 217 2 4 3
REIZE, ER A S 225 5, @ild— RAPEAR, T PR AR SR 01
TEEERDL, R GUARE G AT B R AR B0 AT A BRI

{EAE R AN - ASATJEWE SONIET; I 21, 5 — T8 % P B A8 @R AN FUAE 24
BTN 20T, T [F)— 38 B AR B0 B8 Z2 O m] Redl, b T2 LT SE WG ) N 1

ZHTHERIE), EAGIN T PR A AR GLI R AE, 20 AT N TR TT 1 2249
WIETD, KX ARl o m N H 2MEAR L E b, ] AR 2 BE AR A
LUV

Sg{?di Sg{?di Sgl]"?di

TR " = P<qu < Tr, (4-8)
sgh . sgh, Sghy

TP, R — p <DenT_Rdl < Den, Rdl) (4-9)
J J l

15



P AR EARHE BT (830

KH: T, YR Z]: T —— ARRFE—NZ), P —— MRS Tr 17
A, Den —— ZEENEEEE.

AT BRI (A Tr F 225055 FE Den oV ELAEAS 2], (HARN TS 55— o] BLdE i 24 |
SEIAZIEAE B EIM RIS EE %, FrbMEERTPE AT LA IR i A 207 4

sgh Sghy SOha.
Tﬂ“:p@ﬁ“zsfw> (4-10)

T]' T

A Sd —— ZEANIAT B, ORI 5 8 CAE Z ATARTE

WRE LRI E SO BT AT AR 2, (BAEETPAEANEIESER, I Ha] DIE R — N
(e [a) o BE B — IR, BEE SCEIRBL A AL T e s . SR B8, Rl AR, A
TSE B R ASEIRDL,  ZEARAT Bk AR Hp 38 BRI E I o T AR S 22858
5T A L O T AR R ASIEAR DL A% D A R

T 25505 ) AT Bt 82 SCH ke T T I 0 Sl 5 P U O 7). R T i AT BN, il K b
AT LRI TR AR, W4T OB s 4SRRI, BIE B A AR R
TEA T L AR L A 2 3l IE B RSN, 2R B [ BRI, A TR
AR SR BRI, ASOR L T AR 5 S0 R 2 A R BUE K R &, IRYE S i 2
FERIANTR], 3 HE P A 5 B 1) R DR A2 38 8 R 70D 1 =N X o X AN 3 R A
€ SCNK MK, 3 93371 B 8 N 28 3 &

RAEH LKy R, LSS /N T Ky N, TE B AT AT TP AIRES, & E
P 2 AT S S 4 R T I B R RO o B P K R AR 2 302

1

K, = — (4-11)
Gﬁ%) <o)
et b-SngLRdi+c
j i ,
Rt Sy ALy S gL, b ATLLAEI R, B I B gl
FOPRE: aq EHIINERE : b —— B AR PHR BN ¢ —— FRKE
b g AL

BHZE R LK RN, RS E R T KGN, JEH LA™ B RS, B B

ZEAPAT B O R N L 2 g P O A AR T . PR K Y LR AR A
K=

A: ¢ KIS R

FH 3 7 A B, T 8t ) S8 B R 0 O 1 = AN XA, fEREAN XIS, AR
PR 5 SO S T M AR EOR &R, R SE AT B A A R TSk, 3K
BB TR =g

D 10— ZHTIE ST B SOE S /T R R Ky,

FEIXFIEOL T, AT BLAE 2 A8 B BCR R 2 n] DUA BB R RE, A BLR 2
ﬁi@ﬂ—?

(4-12)
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3 DRGE Zh#& s 12 S H

Tha. SOha. SOha.
sd. "% = sd, "% (DenTde‘<Km> (4-13)

HL

) UL A RTE B B S A T e (3 P Ky, AN BH 2R K 2 (]
FERAB DL, AT BUAE 2 1T TE B B ) o Bk T 2 i E s ) A2l R,
D NSV S

Sghy ST%a.
Den, " = S (Kp <Den, <K | (414
g SORa, S9Ra J
a Sde I +bsdp
B
-b + (b? - 4-a-|\c - 1j /|
. STk, .
SR Peng; S9Ra;
Sde b= ” , KmSDenTj <K (4-15)

3) I = ETIERE B A KT P K
TERXFRFOL T, A7 R AT IE B B S A i e 2 0 o =4 b mrdt, A
PLF ARFEIR:

sgl sgl,
Sd. R — (Den " ‘>K> (4-16)

Tj

B, ASCHR 5T TAS AR ET PAR RS Bh T00 000 2% A Sk 1) 28 AR L, TS AT FE
TPAE IR T 20 EWE’JEEXEX{J%?JEE%H&E’JQLME, B JE A E X
FEVHE AR A PRl BUMTARZ A, 3 B SR T PR AR AT IR B AR

, AR T RN B AR AR AR (A SS

BeRok, MREEAETN 2T S ASEE R, REWNAAE T —NZIT;, EEER, L
iiﬁﬁiﬂlg-a_Numﬁf‘, EH AN ARG

k
Numffi = Y™ Num, "+ Pin} ‘—Pouthi (4-16)

R T, SR, BT = Ty 4+ 1s Numl ™ SRd, |45
ANE RS B B R Pin’;f —— T ZR B N iE E%Rdﬁ@iiﬁﬁi&%; Pout?}fii
—— TN ZPR BT E B R, R

SN T L T, A S B R R ), BT TR
Eﬁ%gwﬁpmﬁﬁnpomﬁfafmao fE RSB S, SRR RGP A
JiTAH, Bl — 2K TE PR SR — AN ERIA SR 2 N, HLZEA0  RE M 6 IR R 4G AT B B4
mo N TRV, SCEIR K SHURIS N, RAAEERRG— 4\%5%}#5&5’3$%
ﬁﬁT‘*bfTﬂﬂﬁlJ%%ZIiiﬁi%i&)\Tﬂ/« B, HFHAFEMEITARERZ )G,

RV R A0 N 5 AR B ORI AR I LA B (FESX L, SR %ﬁﬁﬁ%hi
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P AR EARHE BT (830

T, AR BRI R, P DA AL 5538 B 2 AR AT R0 35 A I S )
RIS 2% % D o KL, P REHE N ASTE B B ZE B2 15 5 — I AR PO BT LA, Pin?jli
7F[1P0ut¥7i S5 W DA Wade o

last
Pouty ™ = Num, ™" (4-17)

last

Ping = 0 Txeng, NumTf’Rdx (4-18)

last

Arf: Sghsst T R, B 5 — NP B Numy, % T, 3B B Rd, fot J5—
ANMER B R Ngg, 5 1E ¥ Rd L ah s *ﬁqﬁﬂﬁﬁﬁﬁ B#: Rd, —— Npg,
EEPE"J %&xﬁ_% RN 5IE R, EEIR R AR LB 0 —— —HUEIRE
N3 4-17 A1 4-18 PRGOS T S HOH T LUR S 254 1l 20T I 7 S S A
Q%&imﬁu 1115 LU A5 5 4500 15 24 i I 2030 % (1) S0 3 AT O, BEARE AN R] 11 LR A€
ENGLE
FIPE, CAE S MINMEERETPE R KB A IR TR, K, RGMER
A 2P 20T I P A ) S S AR SR i RS IR it 3 R A S 4, AT,
W% (T T —rZ, BT = T+ 1 REEETPHE. X B E IR REERE T

L TR, MRITRAET 4], B LS gl M SOBARIUA LA 21 20T, T I3
B4 PSRRI L AT AL BRI 2 PO TR, TIRUEA 4
13 4-15 N1 4-16 W51, 5047 Bk 2 20l 3 L N Ll AR i 8. A A ﬁ416 4-
17 1 4-18, i HUKAZ IS BE AT HIAN T 8 B AR R T 5. BLE, TPTj Rdiﬂﬁ)ﬁﬂ
DL ERRRNTET, I 20, 38 NTE B Rely O A S0 RIS LT, I 280 8 T A3 B 0 R o
HIRTRENE . D 1 e Bl 1 TSR AT A B A Zliitlﬂi‘x%ﬂjﬂﬁ DRGE 77 %5t F F %
& B AT TPRd‘EKﬁ%EZ!K HixEEANIE E%)#ExE’JFEF;TP e o BERIE IR G AT
Tpgd‘TumUTHﬁ/\ﬁﬁi.
TP = P (Pingt < Pouty ™)

Pouty, dl
ou SIRdy

last
1 n 1 (ZxENRd NumTl n)
ast\ "\ |\1-
z C( Sgkdi) (lNRdil) < |NRdi|>

ZXENRd Num'[‘l

(4-19)

A Ngg, TP R R A AT 188 s |Npg,| —— SIEE%Rd, IR SAH

I8 PR B 1 B %D FAR BT 53 CAE 2 BTN 58 BT IE I 2 /T /N1 1) A e
HAFH .

TERIZ, A 4-19 B ER] T —FiEoL, A2 rl R 2 ik NIEHE Rd, ¥ 44 4K

18



3 DRGE Zh#& s 12 S H

5t H 46 5 T A 4 O R O % M. RSB E) T AR, SRR
TR 2ot NTE K R, 2 40 28 T4 3 5 550 4% B 0 2 IR e 0%, A
B AEIETPISE S BLPT ARS8 O B LN TP RO AR T 100%. IR 7RI
WLR B T REHE N GH B R, B ZEIE R — 20 A ST B N T B ST
R H T — AN A0 4 B TR0 B M R A, T B — /N 220 8 Rl 1 SR B
—SE ST, FEATRRY I R 100%.

3.4.3 FHIAZI PR

BN, SCEAHE T A EARGL R E IR, BRI SE AR @A Bk RS AT
FETP{E, CATPAE AR A A8 @RI o T 7EIE — /N8 TE 20 1 (8 3 el R B (5 AR ST P
R R TS B e 5 — AN i AR B0 S SR —— Sk R S el ) S B AT 3, TR E N
BB — MR SRR

1% 3.4.2 NI K BT 19, ASCHE H Y DRGE SV R G A P FRAZ AR I
FIE bR E, 2> BONAT SR [AITT A ZESH B TD . A4 AR, DRGE Tt s s £ 55
KRR SR, 48R, SFHTRETTER AT DR A N Rl 5oE, 18/E T HARR
BT

1 R —AS @R OLA AR R B SR

B FHwE N RG X G, TERGEMTE I PR T —XVGEH SNKE, 2 FE
IR X 2% ST, X AR XA ) TS A2 IC W NavPathyy,, BEPT AR
VAL

NavPath;,;; = {Rdy,Rd,, Rds,---,Rd,} (4-20)

[l b — /N PR B, RTINS ZI9T,, BRI, s 1 semt A2 E s
B, AR A S EE CREnl 2 ST R sl B AR IAT RS, RS
SR TR 2 3w ks 2 38N 24 B SR A% AR B BRI 2. a0, AR Amiw IR 24 T ) S LS
ZENavPath,;; CEAT R TIEEERd,, HA1 <k <n. I, SRR TSR 2L
W, MU BT e AT 8 B {Rdy, Rdys1, Rdyyp, -+, Ry, X EETE & (I 21, 1C4E
Tyrea- BRI ULRRA:

Tpred = {Tkr Tk+1er+2""rTn} (4-21 )
Forp B — AT A R LA T 2 20 A
Lrd;, —Lpassed i L X
ﬂ=ﬂ+—iﬁ7—+;ﬂﬂé% (4-22)

T

RKefts Rdy —— MBI ID; Lpgsoq —— TG M8 B Ry, L4730
FOBRBCIE : SAR™ —— FRPEEITHORIE: SR —— R SRR, AT
FOSEFE

Sdy, SXAMERE— N TIME, TARUERE. /£ DRGE SHURNS T, UNEANE 2
PEH B Rel AT T80 PR R RRAE 24 M0 A7 B 0 A3 o AR B0, el
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[T RPN Wia =P
Rd Numg Rd
Sdp* = T, VS (4-23)
ﬁ*:ﬁ”———i%wﬁﬁ%m&iﬁ%%ﬁﬁ;Nwﬁ“———%%ﬁ%ﬂﬁﬁ%

Rd, FATHH IS A0 .
PA b, RETTN T 5 ZEAHE N 4 5T ST RR A TP I B8 B 2 Ty e - FH A TN 4-19 R A,
F 00T AR 24 11 220 1 S I A28 A5 B R T N — B % B S AL ETPAE, B4,
PEAR L B P BT 8] P2 5 T 3925, AT CATT A5 BITE T, o g 56 6 HH BRI 210 AH B 1 2
MHEAERETPIE, W HNTPyreq, EFTLAHLA T ARER:
TPprea = {TPL, TPRY TPz, .. Tpfn] (4-24)
TEAS 2 5T SR A% P 2% 18 B EAH B TR B (8 RS AT EETPIE S, RS9 M0
(K S T — AN BRI ST TP . X B, XA E SCATPeyrrents B2 H S
PR A B SR TE I I T PAEAR IR FTAR 2K, R A R
TPeurrent = [lek TP (4-25)
B SRR B AT IE T Poyrrend WA R GU I 2 R SRS AR AE . TEA T
FR PRSI, REVETR T — MR BEe, TEREITPyrren L5, HUK E A
8 {E @ AT LUK
WERTPyrrene = @ AR SCHEH ) DRGE S0 7 7225 N 240 24 B 47 8 1 S5t
AR TR IR AR AE R SRS, T DLt 2 Ak 8RG0S U AR AT 3t
WERTPyrrene < @ IVAARSCHEH ) DRGE S0 7 1225 N 240 24 B 47 8 1 S50
AR DA R BRI SHRAT, R 5T TR 52T 158 IR 1y 2 B3 e B 5 4k —
FIIG AR FATIEAE
1B 5E ZEAFw AE BT 1 AL A R RGN 2 BRI — 2% B8 4%, T4 i R 4ot
FENFWw T —FEEN . B0 EE R SHERAT . E3X BASCH IR R 7 AT
[ TT AN ZE 4055 FE T D WS MR HE
DTSRI RITT A8, 2250 50 S 0B A AR AT B BN () °T DL TPy AR 2, HIF
ISP
TTourrent = Ypmk —Fimas (4-26)

x=k Sdex . TPRdx
T; Ty
NERFER BRI BRI SRS, Bt TR — 27T LUEAT B [ TT 5
T PR » A SCKGIX 26 7T RE F AU B AT RICANavPathger» 1% FHUHNE 1)
AT BN EC AT T e > WIEATTZ: 3R] LLAH R TH A 7R R -

NavPathyer = {Rdy,Rdy, -+, Rdy_q, Rdy, Rd}srq, -, R} (4-27)

TTatter = Xlee—rire (4-28)
alter — x=k _ Rd} Rd} -
SdT + TP_.
l Tx

MR Dijkstra fie R # AR IR S B BCE Floyd Sl B2 LRI SRIR R R, R4t
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3 DRGE Zh#& s 12 S H

W IR AT BN B TTVE OBUE, 456 ST 212 28 E R, wlal L RS A&
EIRESR L BT SR AR I — R AL B SR AT . AR R, KR
HRAT & ERN AT REAFZ 5%, EHPHEEELTETT e, /N — 2%, H
NavPathge, BN AN BB T NS A o

[FIEE, ZEA BT D AR HER RS iR m] DLEAT kil e, AN At % — 2%
AR TS o BEIN RS0 224055 BETDAE 9 Dijkstra f 55 B8 A2 KU %808 Floyd
BRI VAR E . HRSEITH IR T

Rdy Rdy
TD S AN R S (4-29)
current — x=k rpRdx T x=kL Woy -TpRIx -
Ty Rdyx YW Rdy Ty

* *

Ll
TDaiter = 2x=k pRix = Zx:kL o 7pRE (4-30)

% Rdy W Rdy T Fry

it EIRRERE, ASCHEH) DRGE S 7 158 0T LAR 24 i B %10 0 S i) 52 @ (5
B THRAS AR EET PAE R I A K8 2% R AZ I8RO, FEARYEAT B ] TT A 25N 2 FETD ™
AVERIBRE S B R 2 0 Gk B — 2 It 1 SRR 2. i L 2, DRGE &
WU 230 Rl AN K PR B2 1 38 4 R Dy 2 9 4 o S 00 T 3 B 1Y) T R A T TR B 3

2) TERZ AT BRI E AR E T () AT 2R

AHEH ) DRGE S SRESBR T AT DLAC B s — 28 i@ IR bR 1 g 12k 58,
AT DARRAE 2 30 A N i 152 0E , 78R 28 S IE AR R e An i st flan, bE—/N 1y
W AT T UAT B A TT AN 405 BE T D AR HE) SRR RS T7 7, HARITT, WSR2
Ay B EI 2 R R bR, T84 DRGE S S5 mE 9 75 B 2 X — 7 R,

FrUAEAR S Y DRGE SN EF BN T “MRiFE+F7 X—25, CEBATH
B (8] TT AN 2259 FE T D W) P U AL 2 e N ofiB. 432 B —#E, CFEIE /& LA Dijkstra £t
TR R L ELE Floyd sfiBg R RIE L NI, DAEA 7 miF i€ Bbs e E N
FYEMALE, NEWEEFRTFNBE. XANEE T 205 Wi 5 E AR L i
LR A== A
Weightye: oq = o Weightrr + - Weightrp (4-31)
XA aflip —— TR TT A 40 % FETD R IF IR+, BARE R B E E e,
Weightrr MWeightrp AT I} B TT AN ZE 2025 BE T D78 25t b v AL 5 AL ER

T AT B (B TT N ZE505% FETD b fE IR B A I A A S —, BT AR A [ —
MR T, FEBXWAERITAAMEN G RTS8 T AT R TT
495 FETD AR HERIA CE bR AL, IX BRI 7R v 585 B SR e, 241
fERR DR KAE, S5 3REIN0 — 12 [RFRAEAL AL E

X B SRS T AT B (R TT AV AIRR T I SRS, 78 224047 3k 0 AN %1,
R YR SE FIAS A S, T H ZE AR 2 A T B AR B A 2T B AT Bk B AT s (1]
KB I P EREE, CEPIEXNANEICNTT ATDrr . [FIEE, FHHEELIE
W5 FET D A VERINRHER SATREE , RS0 R 2 TN ZE 5000 2 75 2 TR AR 11 B 2% 1 2%
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AT I AT TN TR RO SR R R R T, AR SCAEX AN AL AT Trp T Dy o
0T RGDIR A (0945 — SR IEHERd, REE TSI AL T T TD gt TTa AIT DR
ZJ5 RGN AR T 2047 B TR TT AN 4240 %5 FE T D W e ORABL, I FH 24 A AT B0 2% 1)
AT GRS (B TT AN A4 FET D 53 79 B AT N FR) e K AR, A AT A3 BARAEAL AL, &P BAH
T A KR

rrse ok

—_ + .
’ W Max{U, (DR ToR)

Weight = a- -
merged Max{uggl(TTffl N TTf;’l
(4-32)

3) TEH AN 2= TP ) S A e s
B2 2 BN IR B R, AR A DRGE ST 7 VEAMY AT RLALEE IE %1750 /Y
SRR, FRHEE SR T R TE R 2 M — AN R 2R CAn SRR 1 R S AR Bl
EAMUSSIEE D 0T SRR AR S0
XM Z T4, CEAE 3.4.1 /D gl N T R SR R R @i &
KB RS Ve . R EURGU N sl BEER P AR T A EERSH, 5
T RSN BRI SRR BT W ean IRe . LAA 422 38 00 B 50 B S WAL FEE Incy IR A
ZIHI ] Y AEIR Delay » U0 SR ZEMNAE RIS B SRS N I AZ I8 AE BRI ERIS, UK
I T, 5 EEIR Delay (AR T 4TI ZIT,, BI4T,,, + Delay > T,i, REHRE S
1S IR 250 B 400 ) 52 i A R R R B P T % 28, Gn e T B PR, e T Y PR
WEEERNLRK, 7JLH FHFARRR:
SdRe = (y, - Weay9® + y; - Incp%%) - SdR¢ (4-33)
LR4 = oo (4-34)
Hofr: SdRE —— TEAMBR R T IEHRAMPRE; SdR¢ T P RAYI IR AL IE 1Y
PR3y, My, —— SRR R, W 40 A RIRE, Bay, =1,y =
0, W NFT RA LM EH, B an, =0,y =1, WERPIFANET RN &4,
W4y, =05y, =0.5; LRE, —— TEAMMBE R T IE MR EE B E .
RSN R R TR, SRR G T H R ISdREALRE, , FIFH Z di /N A4
I SRR R IE T, NB G R — AR SR, EAMB TG R G R4S
) R X LRI B (G S R A 0T bR, IR BT IRES , GRS R IEH B0
A A5 JE B TN RO B 25 T 2 BEAT S0
2R BRI, ARSCHE ) DRGE FHUT AT AT DLALER AL Gt 2 X I B AR 10 5 1n) L,
fif ke 7 2 BT R (A S ER S/ A0S SRS 2 I “ 2EIB 75 [FIF, DRGE ik
T FIATLE L, WAEEIR BT T NIRRT IR IE R D B
U, BT CAFAAT A A A s b ) R L BN SR AR 1) — 4y, IR AR & TE
FEIF ) A K2 1 ZE 5 Hp ot N IX KT8 %, AT 3 B0 2508 I b 2540 R 1) S SR 1
n, BROGUEFIRS RIS BN, & EOHE LR 4 3
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3 DRGE Zh#& s 12 S H

3.5 RKZ /g

X—E, SCEVEMAA T Frit ¥ DRGE SRS RGEAL, S5 R AN
FHAUURE, ARG IR EE IR H SO0 AR S BRI NR AR SUIRDL T 1A B S
S BERE RSO 3 e 2l A5 1, IR QAR (5 2 ol T 53t 0 T IR
SPEAEETPE, R AHTH SHUR S CA PO R R AR, KRG R
BREE G T BB N ARG I SR S bn 1 25 B B e 3 2% SE IR AL i AT A%
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4 LT
4155

TS TEANG T AT B ) DRGE &L R R GeiE M Bk E B BRI,
FAEFES o fr T DRGE #42 SMUEER AT . X—&d, ARG T, @
o BAREI S, SCES M T DRGE SRS R, FREMWS Bt T Hee G5t —
AN ITS RGHISTHEIE .

N, SCEHSINTRAZE, 38N 2% (Time Efficiency) AP 2 %
(Balance Efficiency). HE]Z0% (Time Efficiency) #f € X N Z- 4 WG T K42
78 5E A FE BT IS (A RN ZE 590 4% B DRGE 3T SIS I8 F56 11 T TR 4247 0ok 58 442 i FH W) 1)
I BN rgs “PHTRCR (Balance Efficiency)#i & X NI 73 MR Pgg o 'EATTATCLR T
[ ) A 7R R «

= (5-1)
NrE TTpEDR
|Route |
Ppp = ——akeC (5-2)
|[Routerotqail

e TToye —— VIR SNBSS IAT BRI (8] TThepg DRGE 3 A& )47 5
INfA]; |Routeyer] —— DRGE SRBENZEMIAFEHI B AR SR EE: |Routerorql
—— E TR AERETA S EE.

NHEPA N, SCE A BL BN S8 = RS R B ARG R A T
DRGE HIEHIER I

4.2 WHE) %% (Time Efficiency)

PR, BRI B, T RGN ik
B RWEIL SRR AT A, R MG IL I B, R T LB 2 e
AT U5 AR AT IO ] X AR RG0SR T Dijkstra £ B 72 MUK 83 5
Floyd 5 B G MU B K 25 0 S BN I L 1) S B2, SLrp R G004 A7 B T 7T
(B IIRLE . bR I 5 R B 25 0 1 4 ST B A A7 5 e
7 5 O ) T L5330 £ (Rl RAME RAIPE, .., RAIMEVRITTING e .

KU, 7E2 0 T R R, (R T AR B S T B B B
ot L, BRI, ARG DRGE S H B 25 ot 76 i v SN 2 5 — 2 DR AL F
Ty IFRATEBE R L MRG0 SR TR 5E 40 . AOCIE7E DRGE 42l
O HEFEN SALE 7% 10 9 (RAPEPR, RADEDR, RADEDR ... RADEDRY, #iif) 4 47 Bt
[R]i0 TTREDR,
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4 FEHT

4.2.1 W@ JERH ) A ARG (Light Traffic)

33 Tl 368 T FEL ) 58 R0 A A A R 7R T R AT B ) SR AR D, A ) 0
BEARK, AT B LA 2 T T3, 4 0500 P T 3k 38 PR 1) — PR o 1 T 2247
FEIEH - #E CABRSEAT B, B LAIX BLYUCA 30T A L IR S R 42 B A B DAL () SR 43
ERIEAT RPN ESCR S 4%, RI7E DRGE #0551 5 F M S0 42 B
YIUEA P42, HLAE DRGE 508 5| S T 24T B 1A) 25 T3 55 W46 10 SR AT
B S AR AT RO A], T LA R A &R

{Rd:ilnl't Rdéﬂ.it Rdénit Rd;'lnit} — {Rd?EDR RdgEDR RdgEDR RdTDlEDR} (5-3)
TTi = TTRi" (5-4)
R KRGS TE] R 1) 5 X, FE %38 TG P A AZ AR T, DRGE J732: H I 8] 208 9

i init
light _ TTiorqr _ 1 (5_5)
TE — prDEDR —

total

4.2.2 1[EHHIAZEARAL (Moderate Traffic)

P IE & (3SR LA AR AR TS B EAT B R R R 10, A E
PR PR, AT I EA 2 A T, AR A I A R 1 A 3 R T
SR, H HAE LB IR IS UL L. SR, RIS WL SRR AT B 58
AR A 1A AT DU R T A A

L L

. L init init init
t _ Rd Rd Rd
TTiotar = Rdlgnit Rdzénit Tt R‘Z’lnit (5-6)
N T, Sdr..
N . “ Rdlnlt N .
R Lgonie —— PIRL SRR 3 — MBI K s Sdpt —— WOtk S

b s — Sk IE B AT BT AT

I 7E DRGE S 51 5 N (0 22 50 2 MR 8 SE A 203l 45 ok Bl B S ETPE,
H 5 RME @ LRI F A 2 B S AT AR 2 U8 DRy e S L AR o (BN 2249947 Bk 2124
HT RS AE B Ry, (F2H11 < k < m) I, RGUHIE AT AR O A B R RITET,
JIl DRGE #0235 2 % — 2% AL O B ARBR A, 1C 9 {RAR PR, RAREDR, -+, RAREPRY,
FELEFEH S HUARIS , AT B 8] N A%/ T s A AT B 18], AR Ros i T

n n L

TTRER = z RdDEDl;eRd?EDR RqDEDR < TTr“Js‘f = Z RNt R Rginit
x=kSdr TR y=k SdTyy - Th ’
(5-7)
1M 7£ DRGE H0& 51 5 T W 25047 Bk 58 S A2 I 8] TR oA :
TTiotal: = TTpassea + Lx=rk TTRDfé)ERDR = TTpassea + TTioet X (5-8)
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M3 5-7 A1 5-8 it Al AFS HAE I SR T, DRGE J5 3% AN 8] 2503 0 -

ini init
moderate _ TTiotar _ _TTpassea+TTrest >1 (5-9)
NrE = T7DEDR = 77 +7TDEDR B
total passed rest

4.2.3 = HE IR TR (Heavy Traffic)

T EE A AR A R AR B P AT E A E AR 2, FE E
ZEFRAR/N, ZEMEAT B HAH 2 (B TR 58, R FE AR 22 K 2 R e ik 3h, I+
HOREB A ()38 B # AL T-H FRAS o I, 23 A BRI B VI G AL RATRARAT 3, FFEH
DRGE ‘SRS ik A S i ik — 2 B o e, F3 421 PRHHE,
DRGE J7 i [ R0 A -

heavy _ TTE,
Nrg ~ = 7rbepr = 1 (5-10)
total

4.3 “FH#71%0% (Balance Efficiency)

ST R SR A e RS SERL A S DL 25 AR o [BIBE— /N AR B 2
(¥, 42 FHIEVIAT) S E{RAM, RS, RAS™, - RATUCHTHNN, o Lis %
ERERECE LAY, JER N AOEE ERRN, Fs - BN E X RGN eAT
. BRRGONNAUETFHURAC IR TG AR I, fF BN R %
ALK SHUARRS, — 2 BRI SHUEAE{RAREPR, RARTR, -+, RAREPRY B o T R AX
(TR AR AL RS B AT BRI 18] B2/ T TG A 1 S AT A2

B b/ N1, £ R0 T H A A2 S8 IR AT ™ S 3 3 A AR 03K A Ao Ik
HITE LI, RGETCIE N S B ) — 2 T aa ik TR A2 B BBk AR, FTEA RSt
SASREAT W, M, DRGE J5iE K~ 205

light heav Route
plight = pheavy — [Rouleauer] _ (5-1D
|[Routerotail

I EIEH sGEARSL T, DRGE 2 3 ik B A0 T Ai# 42, R DRGE &
W RGHATERI e ASOANE DRSS, N—Dm (FIEER) 25— 5
(A5 Maiigieice 22N, E—RANSHECERIA SN AL H; 1 DRGE
A AN 25 B e 3 1 AR T A B R B A AR DL B SR T XA f, O HLIX
LAY AEIE B (0 S % ERLIRIN , R GTAT ORI Rl REVEHRS 0 21— 2 B AR i
., BEE SR RN, BARE AR D, R AR K. PRI AL
AR, DRGE J7ik i R 2 g AR 2, {2 DRGE o REAEIE %
PLE A BSOS B AE, W RGE I

EARERRE, 4.2.1 M14.2.3 /N5ELA 4.3 /NP9 B BT 21 i 1738 T BH A <2 i
RGEAN ™ A H SR, X AE R GUECHE Ul e b oL b i A B g LRI, R
AR MR A 2R A Frel, RSB oL i K 2 AR AT B A2 AT RT LA
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4 FEHT

V09 4.2.2 /NFIAT 4.3 /N B Ja — BOh iR BRI IE S BAZIEAR DL AT IE R, A
$RH[1) DRGE LSS REVS(E R 2 B 0L B HE M AR S8 I [ RCR AP eR, I R
A LLIE AR S 1 D0 TSR

4.4 RE /NG

ARE A, SCESR I [ RCR AP RCR NS, 204 AR A DRGE 3
SRS AL W B TE R« 7™ AR IR ARG N I EER I . AT A 1 o el
LIE S, ASCHEH ) DRGE UM AT UL K 2 BN ASIE AR DL N 12 i R G 1)
BOR AP RCR, IFAE— Lot (0 5SRO Tt REAS M H 3G Nk (R 8, AT 745 B 25
BEE T S AL A AR, DD DA AT B T AT B TR, 3B R S8
B AR, KRRIRTT RGN RCR .
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5 PEREVHL

5155

HEZRIHES, MEEMNEIR AR T HERAREEIE o0 7R EN. £
X—mH, WEHSESERFEIEEDSRIGIR, IR ERIRNRRGRE JUMe 5
(RS /BN A BR AR TR B ARADL S0 448 B AT LU, 8 B ADL ST SR VP A AR SC 42 Hh 1)
DRGE LM SEPrRI . SASCHEH 1) DRGE a3 #8152 3 M B EVE X L 173512 PA
NURP B DABRAR IR B K B AL ER (1) Dijkstra i 8 B§ 2 i K ZL7E  (static route guidance
in terms of distance, SRGD); PA{T B i [8] A FE 1) Dijkstra e 5 B 15 5 Kl 5% (static route
guidance in terms of travel time, SRGT); M UL Dijkstra 575 AR AL 1A B2
FXIEL: (dynamic route guidance in terms of travel time, DRGT).

5.2 PHE ZH a6

A FET— MR ITS B 84818 R 4t XIS AT FIE IR R VRAL o IX AN X I3
WA 13 5 55 (Road_node_amount, N = 13).44 % #4%(Road_amount, R = 44),
MGE 5-1 HiR. EFEERE, BRI S 8] 4 B AR P 2% %
G390 A DA AN T AR T8 I Sk FITE 2 B PR A 6T B PR T 2% B, I T 2R B K R 2 — A .
IEUNZ HIAE 3.2 /AN RGEBE B RHE RN, A TRt SCEWNRERIER AR
iH, BJRSHE RN TS . Rk R BREEAE R 5 - 2 RRoRtk, [FIFE
(1), SCEINRERAD T R BASFETT R P25 B8 AT, AT BRIEAE A2 AH R BEAZE R
WU A2 SR L 5 - 1 H i 13 A1 SR B AL B 1

K@ 2km @72km—
Lkm 5.5km lkm
(_i_) Ak\é\zkm Akm

I
lklm Lkm 6.5km
d)\ Akm é&.sm 3km @
lklm ‘Akm 3km lkm  3.5km

K5 -1 PG XA (LU0 ITS RG5O

FEVEREVPAG SR o, — LR A HAR A0 N s A SCEE XS AR G0 h Bt LA 2 4
BERICT KAR 2018 REELHIFEAZ G, ISR E A FIER RN 12,55, HHEAGE
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5 PEREVEL

[ % 5 0 BE O 2.5m/s? (ag = 2.5 m/s?) . T I 2 A S B Ay a =
1/(2 x ag) = 0.2m/ss KAk 2018 FIALXMIELKLN Sm. (Legr = 5Sm): HRIFH KR
FROE Y S5, AL IDLSI 6 U2 it 52 B S R 1] 04 0.5 (b = 0.5s) 5 % I8 IE Y ) 25 B 1
B LI P AT IR BN 20m (Lggpe = 20m), NP2 (M [E B 25m
(c=20+5 = 25m): KIS H hofép A S0 B 4% IR B T B FE D S0m (Lieg =
50m) 4 KR FI B A B, I, S o R SR A ORI T DAAT B I TT A
B HIVERIAEI, I FLRRAE Dijkstra S50 G ML SR SR SAEAT S 2 (0 K 52

0kmfh—@—40kmfh4@740kmfh—
30km/h BOkm/h 30km/h
50km/h
60km,/t \é\wklm‘!h

30km/h 30km/h 80km/h

I

-

é\ 60km/h Q)kmﬁh—éfmkm;’h @
30km/h T0km/h 50km/h 30km/h 60km/h

C}_

11 ?Okmr’m B0km/h \Q]ﬁ{

KB 5-2 iERRIE

FAh, AN EERN S, RESHRE 2 AR R R AT Praeth . fEAR
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Real Time Route Guidance with Correlated Link Cost

Wei Dong, Hai L. Vu, and Quoc Bao Vo

Abstract—Route finding issues have always been a significant
research focus in intelligence transportation system. Many
solution models have been proposed in the previous work and
analyzed in detail. Successive link travel time correlation has
been identified to play an important role in these models to
realistically reflect the property of traffic flows. In this paper,
we establish a framework to find the best route in a stochastic
time-dependent network by considering link travel time
indeterminacy and correlation between adjacent links with real
time information. We provide explicit mathematical
formulations to update the outing link travel time distributions
according to the real time information and help the travelers to
find the best route to their destination. A simple illustrative
example is shown to demonstrate the -effectiveness and
advantages of the proposed method.

I. INTRODUCTION

With the rapid development of social economic, traffic

issues are well concerned in our daily life. Many

countries in the world are suffering from serious
problems like traffic congestion due to the increase of vehicle
possessions and the speedup of urbanization. The economic
inefficiencies due to congestion are obvious in forms of total
travel delays, excess fuel consumption, and air pollution. In
order to remit the congestion effect and control it effectively,
there are two main efforts. One is constructing new roads or
widening existing road, while the other is (o increase the
effective usage of existing infrastructure with the help of
emerging technology. In the former the cost is significantly
higher and there is also less space for new construction or
expansion as the population grows. In the latter, a variety of
intelligent transportation system (ITS) technologies are being
developed to make our existing roadway networks more
efficient.

As an important part of ITS, route navigation systems were
initially considered as unaffordable goods and only few
people used it, but have become commercial products due to
the rapid advancement in communication technology and the
affordability of portable devices such as smart phones.
Specially, in-vehicle navigation system has now been widely
included in new generation cars. As to traffic users, they can
schedule their route selection ahead of time and avoid certain
congestion area leading to the destination; while from traffic
management point of view, accurate route guidance can
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improve the network efficiency and enhance the reliability of
the network. Many researchers have shown that route
guidance system can help reduce the traffic congestion and
hence drivers can benefit from significant travel time savings.

Traditional route guidance systems were developed to find
the shortest path in terms of distance, travel time, travel cost or
a combination of these parameters. However, most previous
work was focusing on static situation without considering the
changing traffic conditions on the road network, which was
not suitable in a real-time scenario. The traffic environment is
continuous changing and influenced by many sources like bad
weather, traffic congestion, construction work, special events,
day-to-day fluctuations on (raffic demands, and so on. All
these dynamic parameters in the real network imply that the
travel parameter is not constant but continuous stochastic
variable. Therefore, it is meaninglul to separate different time
intervals of a day and in a time-dependent network, link travel
time at each time interval is a random variable follows some
probability distributions [5].

In the above approach, link costs (e.g. travel times) were
assumed to be independent. This was applicable in some
situations, but is not valid for all the scenarios. In reality,
travel times on different links are strongly correlated. It is easy
to observe that in a normal traffic network, one single
congested link will influence the adjacent link status in the
form of travel time or average moving speed. Moreover,
random accidents or bad weather like storm or snow in a one
area can cause nearby links travel time to be highly correlated
in these locations. Therefore, the correlation between links
should be considered in analyzing traffic problems in real
time, which is the main focus of this paper.

Travel time correlation has been studied previously, which
focused on three main areas: the correlation between
estimated data from loop detectors and probe vehicle travel
time; the relationship between travel times obtained from
transit vehicles and probe vehicles, and also the correlation
between adjacent links travel time along a route [1]. In an
early study [2], dynamic shortest path problem was proposed
with Markovian link costs. The complexity of this approach is
high which increases as the number of nodes and the number
of Markov states at each node increases. Later, a Bayesian
method to estimate the distribution of travel time correlation
between links along a corridor was developed [3]. Itis shown
that the link covariance is non-zero and the distribution of the
correlation coefficient could be used as a performance metric
of the network. Kim et al. in [4] developed optimal routing
strategies in a time-varying traffic network by using a Markov
process formulation. Through incorporating real time traffic
information with historical data, the system can significantly
reduce the expected total costs. In [5] Gao et al. proposed
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optimal routing policy in a stochastic time-dependent network
by using a discrete joint distribution of link travel time
represented as a set of a so-called support points and their
associated probabilities. Perfect on-line information was then
used to identify possible support points for future travel time
taking into account their correlation between links. In this
paper we will further improve this routing policy by
evaluating the conditional distribution of the minimum route
travel times at each node along the route to destination given
the received on-line information.

There are two types of travel time dependence defined in
the literature (c.g. [6], [7]), including temporal and spatial
dependence. Temporal dependence is defined as correlation
of travel times in the same link at different time intervals
during the day, while spatial dependence refers to the travel
time correlation between consecutive links that constitute a
route. The stochastic shortest path problem with limited
formats of spatial and temporal dependencies arc cost was
investigated in [8], where every link can be in several states
with known mean link travel time and their corresponding
probability. A more generic algorithm to determine the route
to destination with shortest expected travel time taking into
account link spatial correlation was presented in [9]. Here link
travel time was defined as a random variable with probability
distribution corresponds to two possible states of the link, i.e.
congested or uncongested. An algorithmic approach based on
the dynamic programming was then proposed to find the
shortest route conditioned on the status of the traversed links.
Chan et al. [10] introduced methods for estimating arterial link
ravel time using spatial covariance relationships {rom the
history (offline) data.

Most of the above mentioned work aimed to get the least
travel time by considering correlation ([5], [9]), and only a
small portion of them considered the optimal routing with
reliability metric (e.g. [11]). In particular, a reliability
formulation of a priori shortest path problem was proposed in
[11] by incorporating limited spatial dependence between
adjacent links. It assumed that link state followed a Markov
property representing the spatial correlation by transition
probabilities between link states. The work in [11] was an
extension of an earlier paper [12], which did not consider the
spatial and temporal correlations. In another recent work, a
multi-objective reliable path finding method in stochastic
networks with correlated link costs were proposed in [13].
This simulation study considered multiple requirements of
travel time reliability based on an w-reliable path finding
method in [14].

The aims of this paper are twofold. We first propose a
mathematical model to find the best route (i.e. shortest travel
time) in a time-dependent stochastic network by incorporating
real time information at every decision points. To this end, we
will utilize the same representation of support points [5] as a
joint discrete probability distribution of travel time in all the
links of the network. Moreover, in contrast to the minimum
expected travel time in 5], the expected travel time of the
route with minimum travel time will be used as the primary
criterion in the routing selection of our model. Similar
approach has been proposed in [15] where the correlation

between link travel times was not considered. We then
provide an implicit expression for the conditional probability
distribution of the total travel time on a path between the
current decision point and destination taking into account the
temporal correlation between adjacent links, Note that having
this conditional probability distribution, reliability metric can
also be incorporated into the proposed model which will not
be investigated here due to space limitation. We also compare
results obtained from this model to that of [5] via a simple
example with adaptive routing selection strategy.

The remainder of this paper is organized as follows. In
Section II, we describe the mathematical formulations of the
shortest path problem considering adjacent link travel time
correlation. In Section 11, an illustrative example is shown to
illustrate the searching process of the proposed model.
Section IV gives the conclusions of the paper and summarizes
the main contributions where future work is also discussed for
reference.

1I. PROBLEM DESCRIPTION

In this section, we develop and describe the framework for
route choice with real time information in a stochastic and
time-dependent traffic network.

A. Network Representation
We consider a time-dependent network Z = (A, N, B).

where A is the set of links, N is set of nodes and B is the
set of time intervals from 0 to (b — 1), where b is the total
number of time intervals during the considered period (e.g. a
day period). In each time interval, the link travel time is
assumed to be a random variable with some continuous or
discrete probability distribution. Let the number of links in the
network be expressed as \ A| = @ . In this paper, we adopt the

representation of link travel time proposed in [5] by assuming
that the joint discrete probability distribution (or joint
probability mass function, pmf) of all link travel times in the
network is given via the form of support points. To this end,
this pmf is represented by a set of support
points W = {w,,w,,... w, }, where w_ie 1,2, L is a
a x b vector with probability p, representing one support

point consists of the discrete values of travel time on all the
links of network, and L is the total number of support points.
Since the set W covers all the possible realizations of link
travel time in the network, and ecach happens with
probability p,, so we have:

L
Zpi =1 (1)
i=1

Denote the link travel time on link (j,k) at any time 7 as a

random variable T V0ik)e A. In this paper, the

travelers are assumed to receive perfect real-time information
about link travel times prior to the current time. In other words,
at a certain time ¢z, travelers receive all the link travel time

information of T(,“ LY (j.k)e A. V1t <y .Similarto[5],
kLT

let C be a collection of possible support points given the
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received real-time information at time r. Thus if 7

s a

realization of link travel time, then for a certain time ¢
C={w,|T‘ NUeAVI <) @

Jukr = ﬂijf
The set of all possible collections at time ¢ is then denoted as

C(r) and as a result we have C € C(r).

B. Model Formulation

In order to allow real-time information to be included in the
route guidance system, we consider the next best route
problem in terms of the expected minimum travel time for all
the outgoing routes to destination at each decision node. A
possible network representation is shown in Fig.1. In this
graph, node i is a current decision node, and the destination
node is node D. There are several routes (or paths)

r r leading to D via an intermediate nodes j where

i
J € 1,2, .. m. Then, the next best route to the destination can

be determined as follows:

Figseens

Next best route =

argmin{t + Elmin( 7, .7, ... T, )l

(i1t n

Tiny, + Elmin( T, T, ... T, ).
Ty, + EImin( T, T, ... T, )}, (3)

mn

where {7, |, . T, Tim. 118 the set of real-time travel

(i,2),02°72 " (i,m),r
time information of all outgoing links at current decision node
i, and {Tn.""Tnn’T ,..,T,,“,..,T ],..,Trm] is the set of

21 'm

random travel time of all possible paths to the destination
node D from the next decision node j which is right after the
current decision point. Note the parameters m and n represent
the number of possible outgoing links to the next decision
node and possible route from next decision node to the
destination, respectively, and E denotes the expectation
operation of a random variable.

Note that there are some other possible ways to choose the
optimal route, such as 1) using the real-time information of
link travel time directly, 2) using the expected mean travel
time of each route, and 3) utilizing the real-time information
on the next link to update the expected mean travel time of
outgoing routes from the next decision node. Our proposed
method in (3) is more comprehensive as it considers both
real-time travel time information and the expectation of the
minimum route travel time at the decision node with full
knowledge of the route travel time distribution taking into
account the time-dependent correlation of link travel times.

The routing strategies proposed in this paper can be
summarized as follows: in order to reflect the real situation in
the traffic network, we take adjacent link travel time
correlation into account and incorporate minimum remaining
route travel time into the route selecting criterion. The
remaining route is defined as a possible path from the next
decision node to the destination. Our best routing decision is
made at each intersection node according to the current time.
Once we know the real-time link travel time information for
the immediate outgoing links from the current decision node,

the remaining route travel time distribution will be updated
conditioned on those received real-time information. Given
the conditional distribution of all the possible routes, we can
obtain the distribution of the minimum remaining route travel
time and apply it in (3) to find the best route to the destination
node. The process is repeated iteratively at the next decision
point until reaching the destination node.

In the following we first describe how to update the
probability of the link travel time given the real-time
information. This process takes into account the link travel
time correlations via the treatment of the collections of
feasible support points C(z). We then obtain the route travel
time distribution from the conditional probability of link
travel times. To this end, we should consider all the links that
constitute a certain route and sum up the probabilities
associated with the same route travel time.

Fig.1 Network representation

C. Travel Time Correlation Consideration

Consider two adjacent links (i, j) and (j, k) in the network Z
and assume that link (7, k), denoted as h, is selected out of the
decision node j. The real-time information at time f received

by node i gives Ty A8 the travel time realization on link (i,

J). The probability that travel time on link (j, k) takes the

value T r=t+7,,, of a

discrete Gt

= Tl’i.f‘ ’

particular support point W, given that 7, is the current

(i, j)r
travel time on link (7, j) is given as

~ P;
pf:P(T(fL)J" =T[”.€ ]’vflc)= —
o ' Pi
2.
Y e CNC, )

where C'e C(r + Ty € C(t) and Ce C(1) are one
possible support point collection in the complete collection set

C(t+rt,,,) and C(t) , respectively, and p; is the

(.t
unconditional probability of the support point w; € C'. Note
that knowing the real-time information causes the size of the
<|C(@)| where

collection set to reduce, i.c. |C(t+f“-_j]‘,)

|X ‘ is the size of set X . and the correlation between link
travel time result in some support points remain in the
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collection at future time, i.e. C'MC =C" while others are no
longer of interest, i.e. C'NC =& .

Next we obtain the route travel time distribution from the
conditional probability of link travel time given in (4). Let us
consider Fig. 1 again where the real-time information are
received at node i for link (i, j), j€ 1,2,..m,and let Shea
set of links that

r. (uel2,...myvel2,.. n) between decision node j

uv

constitutes route

and the destination D. The route travel time represented by a
random variable Tr is the sum of all the link travel times on
uv

that route and can be expressed as

T, =200 = s

he s

E=1+7, 4, (5)

where 7, . in w; € C" is a realization of the travel time on

link /2 of route #,, given the real-time information of travel
time at the current time  on link (i, j), j€ 1,2, .. m.

The probability distribution of T, is given by
PT, =7,)=>P . (6)
Q

where p, is calculated in (4) and € is a set of 7, route
ravel time so that (5) is satisfied. Note that p, is the
conditional probability of a particular support point w; € C"
having 7, . value for the travel time on link he §.

Knowing the probability distribution of the route travel time
the expected value of the minimum route travel time between
two possible routes to destination (assuming independency) is
given by the following lemma.

Lemma. For two independent random variables, T and
Ju

T ,u,ve I, 2, .. n and the corresponding probability
i

¥

distribution P, =P(I, =y, )and P, =P(T_ =7y,),

J Ju v W J
the expectation of the minimum between them can be
expressed as follows:

Amin®@, T, )= Yy (T, =7,<7,)

TweC' (7
¥ 0 1, =7 < J’,-u))
Proof. Let T = min(T,j_“ ,Trﬂ ), then we have
Emin(T, T, )]=> yPT =y)=
= Y min(y, .y, )PT =min(y, .7, ).

Ywel’

For a given weC' |, min(j/rju,}/rw):y’ﬁ if

¥,, <%, with probability P = P(T,ja = 7’9]) , or
min(y, .y )=7 il ¥, <Y, wih the probability

p;=P(T,_ =7y ), respectively. Summing over all the
I3 Y

support points w; in C' gives rise to (7).
The expression of multiple variables can be derived
similarly with the minimum is taken over all the ¥, values.

III.  IreustraTive EXAMPLE

The frame work for route selection and decision making
described in previous section is illustrated and discussed via a
simple example in this section. Consider a small network
shown in Fig.2, which has eight links (‘A‘:S), six nodes

(N =6) and two different time intervals (B=12).

7
Fig.2 A simple illustrative example

The values of all link travel time given as a joint distribution
are given in Table 1 where each column vector

w,i€ L={1,2,3}, represents a support point.

The integer value Ty rep-jo,ny OF @ particular support point

w; in this table provides the travel time for link A€ 1,2,...8

in a particular time interval b. In this example, there are three
support points  with the corresponding probabilities
p,=0.35,p,=0.3, p, =0.2, respectively.

The real-time travel time information received by node i for
all links at time (r=0) is listed in Table II. Observe in Fig. 2
that there are four possible routes to the destination at the
decision node i. In particular, at node i, the driver can select
either link 1 or 2. In the case of selecting link 1, there are two
other alternative paths: 3 and 4-5 to the destination. While
after taking link 2 as the next route, another two routes 6 and
7-8 are available.

Given the real-time information in Table II, and based on
the definition in (2) we have the following sets:
For the first time interval (1 =0 h=0):

Co)={{w,w, }}

and for the second time interval (f =1€ b=1):
) ={{w L {w 1}
where

F=t+7,,,= O+, =t+T5,, =0+7,,=1.

Lt
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JOINT TRAVEL TIMETRAE?\IIF_‘E}\TI()N OF ALL LINKS
Time Link i w, W, W,
1 f 1 1 2
2 ; 1 1 1
3 : 2 2 1
4 ! 1 1 1
0 s | 2
6 12 2 2
7 ; 3 3 2
8 ! 2 2 1
1 : 1 2 2
2 : 2 1 1
3 : 2 I 2
: 4 : 1 2 1
5 | 1 1 2
6 : 1 2 2
7 3 I
g8 2 I 1
TABLEII
REAL-TIME TRAVEL INFORMATION
Link Real-time travel time

1 1

2 1

3 2

4 1

5 1

6 2

7 3

8 2

Note that given the real-time information there is only one
feasible support points collection C={ w,, W, } in C(0), while
there are two C,={w,} and C, ={w,} collections in
C(1). From (4) the corresponding conditional probability for
support point w, =C, NC and w, =C,NC are given

as
. p _ 05 5
P s, T 05403 8
. s 0.3 3
pz = p' = =—, (8)
p+p, 05+03 8

Based on (6) and (8), the probability distribution of route
travel time of all possible routes {3,4—5,6,7 —8} between
node j or k to the destination D are given as follows:

2 wp. 5/8 2 w.p. 5/8
T, = T, s=
1 wp. 3/8 3 wp. 3/8
1 wp. 5/8 3 wp. 5/8
=1 "7 S ©
2 w.p. 3/8 4 wp. 3/8

where w.p. stands for “with probability”.

Substituting (9) into (7) gives the expected minimum route
travel time between node j and k to the destination D as:

E[min(3.4-5)]=1 x% + 2><% =1.625
5 3

E[min(6,7—8)]=]><§+2><§=].375.

The route decision is then:
Next best route =
argmin {1+ E[min(3,4—5)], 1, 1+ E[min(6,7 - 8)] )
=argmin {1+1.625, 1+1.375)
=argmin{2.625, 2.375}.

As can be seen from the above result, the cost of choosing
links 1 and 2 are 2.625 and 2.375, respectively. The decision
is then to select link 2 as next link to take that corresponds to
the expected travel time to destination of 2.375 till the next
decision node along the route to destination. Note that in this
example using the method proposed in [5] gives the same
decision and expected travel time to the destination.

IV. CONCLUSIONS

In this paper, we have proposed a method for finding route
to destination with minimum travel time in a stochastic
time-dependent network with correlated link cost. Given the
real-time information, the process of updating the probability
distribution of link travel time is described in detail.
Furthermore, an expression for the expected value of the
minimum travel times between several alternative routes from
the decision point is derived. We have shown through a simple
example how the decision is made at a node based on the
received real-time information using our proposed
framework.

In future work, we wish to further investigate the
effectiveness of this method via large simulation with possible
real traffic data. Open source software such as the simulation
of urban mobility (SUMO) would be suitable for this purpose.
Moreover, we wish to extend our study to take into account
other routing criteria, such as travel distance, number of
turning actions, avoiding traffic congestion, selecting more
routes in commercial area than residential area to lower the
environment impact, and so on. Also reliability metric as
mentioned in Section 1 of this paper should also be
considered.
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