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Abstract

Traditionally, travel time estimation and prediction in a Traffic Management
Center is mostly based on the data obtained from loop and/or image detectors. A
prediction model solely based on these data, however, is difficult to consider the
dynamic transformation and delay of traffic flow. To partially resolve this issue, this
paper proposes a novel travel time prediction framework with the capability to
predict inter-ramp travel time at a satisfactory level of prediction performance. First,
historical traffic data collected by each loop detector were classified into different
traffic states. For each state, regression techniques were then applied to build up a
travel time prediction model. And then the travel time of vehicles passing Electronic
Toll Collect (ETC) booths was considered to adjust the predicted traffic states and
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link travel time. The results showed satisfactory performance of the proposed models.
More importantly, the estimated traffic parameters could provide system managers
with fruitful information about how travel time is increased by different road
geometry and traffic characteristics. Consequently, effective control strategies could
be devised. Therefore, missing values is an inevitable issue in actual operations.
Mean and moving average values based on historical data are common choices to
replace missing values in past studies, which does not consider the features of vehicle
flow continuation and lagging. The other purpose of this study is proposes a hybrid
imputation strategy which, based on data mining techniques, a decision tree was then
established using Classification And Regression Tree (CART) to connect each detect
point to the adjacent detectors and the ETC travel time on the associated road section.
When missing data were imputed based on the developed CART model. The empirical
study showed that CART imputation method based on traffic state works effectively to
impute data with missing values, especially under the circumstance of long-period
data missing. Moreover, it was found that hybrid imputation strategies varied in
different missing time-windows circumstances fit better into real time and various
traffic conditions. Finally, due to more sophisticated probe car data collection
technology, which have the disadvantages: High transmission capacity, data filtering,
map data matching complex procedures and so on.-To resolve this problem, a Virtual
Vehicle Detector (VVD) system-with a method to set up VVD on road network is
proposed. The VVD mechanism.that verified by the field testing and simulation results
is feasible.

Keywords: Travel time prediction, Cluster analysis, Imputation strategy
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Befiz & B RREZ QA REFREROMBA T F - XBER2Z LT
FLAAGTRE 2 BRI TR Rl e B Tl A A e
BB o dk0 CART @ B2 45 H - (IR 24— CART FERlf: » T35 320
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5V B i

¥- % é}'?e‘}"}éﬁ

ey > wo ﬂ\?‘}%&‘?}éﬁi GAEL A < FRHEEFHFH - AREER
R EIRR AR P I IR ERP PR TR IR R R A 22 2
FTRFDTREERE G e H I AR TR ZFTRAEEFEZ
o Z AFER AT AETEG T&éﬁ%m FALeh prw AR 4R s B td o ﬁ'—ﬁ*
o EL 2 adgpl 2 my my E‘Ef‘f?/;%/ﬂ\ﬁ'}’*; °

2.1 »= 7 pF AR

£ 13 B pr e (TR 5 s 3&%’5*‘5’&%—?—% Tlh LA #IE (F2 L A & % (Van
Lint et al., 20055 Zhang and Rice, 2003;Dharia and Adeli, 2003; Dia, 2001) » ]+ »
HIFEOBBRETETEG 2 02 8RR BREY » 28 7wl 5 =
WE LR st,—;‘ & 7 #_ (Model-based) 2 = j= ~ gzf= 2 (7 pF ¥ (Instantaneous) /2
2 FALER$ (Data-driven) 2 (Vanajakshi and Rilett, 2007; Van Lint et al., 2005;
Wau et al., 2004;Kwon et al.,.2000) ¢ H #0522 250 % gz = 2 7 g m A kR
ﬁﬂ*ﬂ&’\mz? C L fFg I Ak f"F%F'& i R BB X T E B e
L Ap el A P 2 1 i & (Billings‘and Yang, 2006; Kwon-and Petty,
2005, Yang, 2005) - B&‘B%w R E2Pd e w2 R i EEFREFTE
o AMEE B v A AR R 3 R R T T B R Bt
© ipd 2T Eﬁ F (Bar-Gera, 2007;ZhangandRice;2003) » .7 =~ B4 R 3 & it
Ok Pp 20 TPE M TR AR 2 e 7 P A AN 55 ) (Logendran and Wang,
2008; Dia, 2001) > & 7/ e% Lt~ gepEsk (7 pE R 5 35 aadk £ o Paterson and Rose
(2008) # ' - E@LE fE4;% (macroscopic queuing model)? 2% 550 2% 5 BLEC R (7
PR A d BB R dr 2 sk TR (free flow travel time) #2 2 A PF [ (delay time)
ArAE A o BB R PR AT Sl SR R (cell) 2 PRA v iR 2 B N
L EH 5§‘1g‘_ﬁﬁié 2 RGBT 2R ;};@i}@? ? ?*ﬂﬁ%ﬁ;—% X E A
FEF IR B O (T e AT ‘H—‘f—ﬁkﬁ*ﬁt FoEv i i T T ek (7 PR 2 4p B
1438 758 (Van Lint et al., 2005) » # ¢ > pFfF }% 7 Jf FOBT A SR AR S e R
3 (Van Lint et al., 2005;Dharia and Adeli, 2003; Dia, 2001; Florio and Mussone,
1996) # A TR RS R 0 T FOR G RS R
(Horiguchi et al., 2003) 322 > F it & 3 2397 STk iR it > &4 @ Bk B & -
4= o

LR 2T ",% 7 FF (Dharia and Adeli, 2003; You and
Kim, 2000; Papageorigiou et al., 1995) ¢ » # ikig * 2 ZF A FH KkHG 2
oA u G () BREREE b)) RREGRE AP B PEIL LG B PR

14



5V i RpvE

RGP B BL PR AH 2 Ty 2 Sd R BA L FRRE ST e
vz Tiai g o~ g w:&:fié?‘ ERTINL SRR N D SR A R el - L T
(Dharia and Adeli, 2003; Horiguchi et al., 2003; Dia, 2001; Florio and Mussone,
1996) o o >t H ghix B M p| B2 i FALE 2 B & 7R (Coifman and
Cassidy, 2002 ;Coifman, 1998) » ® & §m#¥ R 7 B > wcdf M 247 b LR 5™
2R EREE Lo FRGRTH KR & ZHRY p 8 mErraifiricd
MFEE S FERID E R LR B P (Sorlguera et al., 2007;Haugen and Wold, 2004;
Ohbaetal.,2000) > HEev & 238 Rl i7@R e BRELERFRERF -

= ] 15
PO

FE o Y RABERP EFE IR IUATHERATARAETEF
B Bt H I HF iﬁﬁbi‘ﬁﬁm«ifT?’“?ﬁ‘%@&“F?Z"”ﬁ
gv‘m

2 3gp) 2. A # &R (Bar-Gera, 2007; Choi and Chung, 2002) ¢ %A% VD
MR R L (F8F 5 (Bar-Gera, 2007) & GPS#Eifl & 2 % = /~*ﬁ’.¢ Ly (Wei
and Lee, 2007)> 8«07 VD i pl R £ AVI 8 §RFFRiE (7 % (7 B?? g (Kim et al.,
2007; Dion and Rakha, 2006;-Van.Lint et-al., 2005;Dharia and Adeli, 2003; Dia, 2001;
Kemmoku et al., 1999; Florio-and-Mussone, 1996; Papageorigiou et al., 1995) -

1‘%5(7}}?%&:’13?5?' (158 B W8 2 PER TS F L DR A B R AR AR

wh EBE R TR R B R AT g < ?pﬂ% WA RS FERE B

T %&?E*Fé“\ R R R R e R Y BB R TR R 0 T
oo R ATy A VTR TR Tk :':: 5 %% 212 5 (Bickel et al.,
2005; Weland Lee, 2007) » 7] 4e Paterson and Rose (2008) % i & 1¢ 2 fx 2 1872 12
PR D O g B e 0T & 0 Warita et al. (2005) 04# 5 ~45iF#p2 rpF 2 il
MR RS QA TR MR A R T A 2GR L R R
AR B 7 A R 2] PFE 2 3R {T pF R SRR 0 Bickel et al. (2005) & A |- 13 18 7?‘]%
v g B %02 CHMM (Coupled Hidden Markov-Model) i) & g RIHC5 » 7 &
SRR WD R R D P R R e H A s &
ERC R Y R ﬂ'“#m»fﬁ R Ft b R 3 AL I TR R B
BB TR L FEEH I T (Bartln et al.,, 2006; Loubes et al.,
2006; Wen et al., 2005;0tokita et al., 1998) » =¥ 5 (T PF R IR PRI 4L Y F & pF

Pap Tt R R R S e BEFEEE SRR E R A
B A p U Al B T E 0 AR EREE R A FRA
FPT 2R EERE o

AL i A 1

Fard LR AT F M AIERA N SRR TR R B ﬁﬂ% R s
R 4L > Wangetal (2007) 45 3§ FER]F A A IR ER R pF > ki wm B R E
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SV Y R

IR B Z AR () I R um%ﬁ RTINS S e A 4
FeoQFEFLRRER '»LEEHJ T2 SRR AR B R R B ARk s
el FEIT Q) ewm Tt B ?%’Lj,%fl%ﬁifﬁ—? fwfﬁ i SRR R L i
T AELAD AT R IR F) > B AT IR TP ek (7 PE Y SRR % AL ay
FHFIAFE L FRF LAY AR IBEREREF T R mzfa“]‘“(;}iﬁ Ao —
AT REFAREEDLER R ERE- TR KBETE L E
R E N H - WRE - RPN BT REE SR
ﬁﬂ}ﬁﬂﬁa@ﬁﬁ%a%ﬁﬁ~&mgmy¢§4§%@m@gﬁﬂgﬁ
LA R BRI kY o o TRt B E SRR S R p B AT R
B A R ITPETER] A AE IR FETT 3 0 L REE R 1:3‘_;\.@;] e
Boen® $oo F At s Ade G R 1 T?@“ FTEn T AT Bk S TR
%+ it 3 B - Fernandez et al. (2008) & gz e £ 4800 ok » B¢ AR AR
FE (AT RERFTE 2Q)FRFTEEL (3) ARIMA BREFIZ =/ 2
g R LRIERAECR R E e g 4702 5 e § g AR TR T
% o Van Lintet al. (2003) HdApdeT 392 (Moving Average) fioz" kit I ‘247
;Ei%fﬁlﬁt% » AT L BT ARG Gk R g B AR RBEER b

ﬁ/%};]‘;‘;—mﬂﬁﬁ,ﬁgﬁqliﬂ*uﬁﬁ flziﬁﬂ,r’{ ,ZT',;\;;JF%;Q:QLE
Wﬁl%gv BBz AT ETE - Wenetal. (2005) T FE R TR s BT R R
FHZFTHEFEREFDR RN B R FERERZFAY  ZFA L HEY
RNN(Recurrent Neural Network) A d AL HAn iR EDP T ER
;{J\—,EB%}; W e B A o

WAt E X 7 AR AR g s e L 8 ﬁg,lfaii’!yj/%
BERREAY A5 Do TRt R RE R L “,fi\? FH o~ 338> VAR (Schafer and
Graham, 2002;Little and Rubin, 1987) = # # > Little and Rubin (1987) { F* v & !
B E L G R () AR R AR SRR E L 7
B (2 4 %E/?@“—’ 195 Tk A S Il I > el BRUCRR M| ETN T B E

P(3) BRI BAR T BARS E R B APRRER T HEAM T (1)
m‘}%@ﬂl PR R R R RS AT B2 R PR S B (Weid and Lee,
2007; Ni et al., 2005;Huang and Zhu, 2002;Gold et al., 2001;Hyafile and Rivest, 1976)
2 LWIRR BRI E DR A SEA A e R Fp o K S
B2 B R B R RE AT B 2 7 4 Ut B R Y o Hyafile and Rivest (1976) 3% 5% #
AE TR e »#’i‘i’—g—ﬁk%%—jyﬁuﬁ”“}\iu% “Zf‘g}\@ﬁé—;g
B e A TR H e pre B LR o B AR ek |
e s bmF e R AApFEEa s K ENERFH D T TS E IRl o

FE AR AAZRP EFFE IR RATHE AR RAETEF S
PEF R IFIRY TR I HNEA AR TREL R Y R
= 3gipl2 M ¥ B (Bar-Gera, 2007; Choi and Chung, 2002)° & # 54§ 3¢ c7f ip| 5
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5V B i

B @2 PRITIRY LR A H LG RABER 0 d 308 R s

Mo R BRET PR 2 B R AR IR E R R K 0T I R B T R A

it B2 dg o Fl oo 4§ B F7 5 (Weiand Lee, 2007;Bickel et al., 2005) #f
FA TR i S R R o

24 i fE

#3321 2003 & F >5 HVF(Heavy Vehicles Fee)£2 4¢ & 2004 & Toll Collect !
AFAFEY FhE LR EFT LD R TP 1 (Bonsall et al.,2006;Kossak,
2004;Charpentier and Fremont, 2003; Ruidisch, 2003) > & #:g i jxf & 53 7 - 31
#7engk e VPS(Vehicle Positioning System) » @ &£ F L:E W 7& 3507 ~ 3 8
BORE AP M0 R R T Y T R O B B B Rl 2
(Blyth,2005;Evans, 2004) » f= & > Asakura and Iryo(2006)+ gt 1% {7 8 % 35 &
(] kl“«"@iﬁm;“} OB P R B g-%z”ﬁ’wr B ARIE (T L B
LM B AT R R ARR (ES B RTR B hikdy o
Hensher and Puckett (2007) { F v Jp 8l 23 ¢ AR E - BRI OTAAE
PO Pt W e B EIRAZR T f 5 5ldp i (Charging Signal)F & ¥ fi fz 7
g A B G peeh i g IZkaE o B PF Dodoo and Thorpe(2005)~ 4% ) #7 i
HGV(Hegavy Goods Vehicle) 7 & 5t » &ior Fh Ttk 58F 05 scaf & 8 7
BB e AT @ 45 p Hp s BERY ~ ASig R AR TR R A B B 0
7ok Sl i TR AR RS OE B (TR 3 R

Hoh et al.(2008) ##: VTL(Virtual Trip Line) ¥ #£4 > f1* VTL f;‘ Plig e &
fRFLP 0 T4 Privacy & R RREHG R AARE > {20 & & Al & £ 55
A E 8o B A% S BAR R E P PR EIL temporal cloaking(*E %) ¢ o
FPAFEFRZTEI EHTH > B2 24 AF LT A0 B

% A 1996 Saricks etal., % & 'fﬁ i 2 ADVANCE(Advanced Driver and Vehicle
Advisory Navigation Concept)?* & » # ¥ » #%& Il def@ 4] # MNA(Mobile Navigation
Assistant) (¥ 5 $FR1 & cnF A 2 W51 R m R B o pFRe & B P E R
BATEOIE TR T AHPREY BRI EII T IQW*MNA'“?’?
Qrﬁ;é,/\,;f_[w_paﬂjzvﬁe PR A R T PEERE o

Panahi and Delavar (2008) §1* GNSS (Global Navigation Satellite Systems)£?
{$ =8 GIS Bl 72 = 7 - £ SDSS(Spatial Decision Support System) 7 & & £ # %
ﬁﬁé%%ﬁﬁ&@%ﬁmﬁﬁmﬁ’ﬁ}ﬁﬂ?ﬁ@ﬁﬁﬁﬁé\@@&@@
JEFE 2 pE R 4R % & 2 TDSP(Time-Dependent Shortest Path)( Ramalingam
and Reps,1996;Dijkstra,1959;Dreyfus,1969) %43t 3 4 ?T‘ o ANE: iﬁ*@ 7 B BRI
ol g Ui e A2 ERPEAIRMES g H P LR P
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TERCFBETE T 2 R FRs IR L LR
TRl & ] * T GPS ik T i BB SR (TR F T o

Quiroga and Bullock (1998) f1#* GPS-GIS = iz B R E R 7R > H
* ¥ # ¢ 4%:Data collection ~ data reduction ~ data aggregation % data report E i
B o Turner et al, (1998) #& I\ & A ~ chFH & & B 7 T #F R & s(Probe
System)&_— 1B {% 3 »xF enF 4L A % ;% > M Murakami and Wagner (1999) { 14
PDA i & i Rfc B #5574 2 %% F AL FRIE B2 A fm L 0 25
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31|2006/417 1400 268 4 4 4 4 2 2 5 5 _ 21]2006/817 4 4 4 4 2 2 5 5
73|20068A7 1405 258 3 4 4 4 3 3 4 4 __33|3006817 3 4 4 4 2 3 4 4
F3|20060417 14:d0) 266 F 4 4 4 3 3 5 4 __33|3006817 34 4 4 4 2 4 4
3412006017 (14:15 268 3 4 4 4 2 3 K 4 __ 241 2006/8/17 3 4 4 4 2 3 4 5
35|2006/417 (1420 274 3 4 4 4 2 3 4 3 __ 35| 20068017 : 3 4 4 4 2 3 4 4
361200617 1425 298 3 4 4 4 2 3 4 3 612006/8/17 (14:25) 208 3 4 4 4 2 3 5 5
Cluster-Speed Cluster-Travel Time (Minute)
I Load Dats. l Clust| NBE [Waz_ [W48  [N53  [WSE |N61 R R Clust N36 \N42 [was [W5z [Ns6  [Wel |N64 \Nss
1 18| 8503 10467 10189 0182 8295 9328 9014 1 4185 3439 2944 108 3617 103 2728
2 337 8378 11219 118.32 11236 54 77 9013 8949 z EI5EI2 4297 3200 2.535 1602 3.539 1997 2749
l Compute Shift l 3| 8034 7845 10455 11893 10705 7722 6458 0433 3| 0523 4589 3443 2522 1661 3885 2128 2017
4| 7465 7363 9473 11405 11043 469 8053 8136 4] 0563 4857 380 263 1639 6397 2235 3024
5| 6132 5887 5362 4806 9248 3268 7266 7663 5| 0685 6013 6668 6242 1846 9.8 2477 3128
I Save Shift Date, l 6| 3094 3526 2612 349 3605 2026 3231 3937 6| 1052 102113783 8596 4.093 14808 5.571 6264
e
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FrupEl o d NV R E - T T S B RIS B M e b
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SR ERE Y, 230 A7 X FIRET ARG~ (Input) > @ Y R
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ETIS
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Time
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Xlt ="
fime

time
B 3-9 &Pk 55w it 7 2 W

dORBGRG Jaedpr g2 BT F 0 R - BT e R SRR (Y

IR R LT 2 B R (X lsn) ) esede w i 23k s 2 8

BERWRERERE S el ERREI L Vil ks s Fl¥E A v AR P D

f{ﬁ MR RGO FHEB Y AT SN R T 2k TR
WP E o

3.4.1%% {7 % B SR RIS ZE 4R

o
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AR RN R 2 S TR R LTS R TR R LR
REsRmL &= @awﬁﬁwpéﬁﬁﬁﬁ it o FEEGRIF T2
REUFHEN I GREALCEARFRF > B S S RE iz ETC 2 i 7R
—ﬁo%ﬁﬁ?zﬁ%”ﬂ$JMCpVT£%& L XA FPr ETC
FTHEGREFT LA 22— R Fgt s v * 2 ETC Ff 5 A2
WP TOHTREZ RERARFRRFSGR BT TR RARRLEZE R D
ﬁﬁ’”qﬁ%%%%@*iw}&?&iiisiﬁﬁ’ FHEFLG ARG F 2 A
MM R E R TR E D TR ERER s S B RN R PR 2
fv (Taylor et al., 1997) » Paterson and Rose (2008) Tr#-gtfo o = 5 #icd % 2 ] §&
Bodrmipt - fHEBRANZ £GR%H2 Y FEN- R RBRERERT 2
GEe AP TR HRAN A D RPETE BRI A R B2 R (TP
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B BA A RPER 2 m3t e A ik 2 #gw)m ko #F ¢ Paterson and Rose
(2008) smA Bapord 2 R IR b2 5 IR o Fet o U - BEEE - &
Y e E g B 7 P R SR R P f/ﬁ 7l g ?E BIBCA) K FER & W EEA
R GR G DI FFSEE 2 R BRI RE R E R R
B e 8 0 B ts Rl st (3-9) Hifpad 2 it i R B R B BT S
ETC /2o B £ F 4L » & 35 38 NNLS (NonNegative Least Square) i# & = ff% 1!
LR B R A R T B R Tk TR PR

F(5I] ('[S )a u) 511 (tsl )ttll + 512 (tsl)AttIZ + 513 (tsl )AttIS o +513 (tsl )AttlJ +
8, (18, )ty + 5,y (1S, )Att,, + 85,5 (1S, )Att,, --- +6,, (1S, )Att,, +

Oy, (ISHML;, + 6y, (IS)ALL, + 0,5 (IS, ) Attyy-- - +6;, (1S ALt (3-9)

ts, PR RIE N R I THELFR T o
S(ts)  nAntEREc, BB A0 1o BRIE IS BT SRS LR 24
ﬁ’éﬁﬁﬂﬁi’”ﬁﬁéﬁu%%ﬁi°
D BT R Rk 0 o R) T R R
Att. :Aiﬁfﬁl 23 @WdUD&¢*413M§’“ﬁW“%
FoHEZRD AL RA|E
(5mp:1%@wwwa Bafrz T Es R o

ij>

(\s,

*G&)éﬂt%éwiiﬁﬁﬁ%ﬂﬁﬁ LB R BB R

i fF SRt 2 gﬂxfﬁg/{ » Aot bl B2 gk Al ¥ R R B (TR T
Eay -7 J:‘éﬁ s2EEM Rt s LR o bhep d SRR RET > B
LAl e SN ﬁﬁ'éﬁ.fﬂ’% MR R R R T Rl AR R H ax (T pE
Fﬂﬁ.ﬁug R EE MR - LERTER CRAREFEER) A A
RS ARG TR L T VIR € in SRR TN R
Wk AR R AR L RSN R E R Y RE 1~
[ 5% A0 pd iR T orit 2o A A R (7 B A > L BiciE i ¥ BB ERAE S
s FRERREE AR s HE R WERERET - e (Attu) I
SRR #ﬁﬂ-(év);\l)“&l'ﬁ/? it i kAR 0§ e% R
BB ke pArd j=k 2 5,=10 @ #1F >k 2 O R %

(w,

£ N R S L R %ﬁ&rﬁ%‘] 3-10 #7577 - fic5t HpaE AR (F |R0Ae) 2
Fl* BRI E2LHL FTA (g~ F) UL EHEHE - TR R
FARE J3F T REY EMPIRZ MR EER I ZE R ETHEE R
AR A LR EFIIRAEET TR BERETHEL LR LY
H¥ k2 ETC fEg FTalorit B 2 s 7 pr i 74058 (3-9) #1771 2 412 NNLS
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1N36 1N42 IN48 IN53 IN56  IN61  jne4 IN68.1 IN74
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Fife THFRE

Bl 3-11 ETC fc % =k ~ BRI T F 3R & 2 inif 2 /28

B 3-12 3 §90A% g I A 2 RO R B R - g
2006 & 8 7 i 1f {5 3l A e = F 2 ETC A (74 @z %8 1w [B] i p| B2
BT 3 BETC A2 = (7 5 22 f5 i & WRLE Sef e 2 R TRk i e
o R |§,PQT!:, B 13—;f;qu*a:ygﬁQﬁﬁﬁ%&%},@iiﬁﬂ%ﬁéﬁﬁwl
GREFES SRt SUER-L L) B S EN RS Ry RN T R
g1 ETC & {7 pF 2 = @ Rt & e wﬂﬁxﬁr°ﬁ%ﬁﬁi%$“%*
P b BB B e Rl T 2 (T PR e R S 2 18 4
G EERGEREY T3 g BR T2 IERE -

(BB IR) AE YA ZE i
VD,
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r ~ PEEE I PEESS I PEES |E§EQ" I PEELS I ~EEE%s I PEEE, I
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S o o o o o, ._.,._,'." SO VD K
NEPEEER gl '\ ETC L — — g NS o . ~ -
e e Al EE : e
4 ‘ ETC gorime | o Vomokies
9 e 7 . T T T T T T T T T T T T T T T Thme
. . ETC . H 1
1 1
| 1 Travel H H
A2 0 e vD* B1 \ 4 Iy A 5 1
3 y’ Q@ e | FES BRI & o ahivevinkizineh
At A TC - VD 3&5E R
. ETC A 7R ] — s h ?E%J’fﬁfﬁﬂ
3 — AS +VDA4 R R N v B2
i THHEIARZRK
y ETC jfRFTHFRA i 2 LiE0 v 22 5EARRE . N BFET >
. 22 SEHRHE STHEA...F) L =R
1 A6 A 4 VD S5 AR v . :
P AR B AR 3 * B3
. ETC Travel Time => VD travel time HE B HE
| —ZVD(Free flow travel time+Delay) i = = 9 L i Y R
: Mlnz TT — F (5, (), 1)) = Y 2 TBIRRE
P St t; . Att; =0 : 3 H
D | RS A, S AL, e 5 ()AL + — g A A
] 511, ), + G0, (S, )AL, -+, (15, )AL, + A LAZE SRR
. é]l(tsﬂ oty +5|2(t$ )Att|2+"'+5lj(t3 )Attlj 4 HEFTHES
] A7 VRIS t
S 35.3[1N36 1N42 1N48 IN53 1NS6 IN61 1N64 1N68 9 5!1’ \ 4 B5
ase 8 46 9 79 9 7 4
o BAu“Tr 16;) 200 - 0 I;o ; 0 17; 15o zzo tIJ ’Att ’
S P B < v Wy s [ - e L SR
- | Attas 177 124 256 = 74 58 6 71 4 ﬁyﬁu
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Step A2 -

Step A3 :
Step A4 -

Step AS :

Step A6 -

Step A7

—

Wy W2 b BRI EE T AL (speed, oce, volume)
ETC F#

Byp ETC A FHEFS 2§ 2FELF L2 FER
(ETC TravelTime) 3+ & -

et BRI ER L TR D PR A XA LR
BRENF - BRI EF T A RAT A S R A
B o

Rfp & BRI BATHERN LM 2 30g Riei7d Iy §iE
2 fn o M 'iﬁ-g"‘?’iﬁi‘g}@'g BIB AT E B R 2 R R e
’f#ﬁ‘ B AR {7 P Y e ﬁfﬁ“‘ felo HPE R ’1( 7 sz, ETC L 523k {7
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17 ANNLS S&imabgf fies ' d2 o o M A 7 e 2 3 R A T A7 s 2 %=
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2 R A Rl

Step B1 :

Step B2 -

Step B3 -
Step B4 -

Step BS :

#-2 PR R 'fﬁﬁ‘}" PR LI R B B R J"ﬁﬁ’l}f#ﬁh
— R B EBE R A TR R e

R BB & e P i Bl PS8 R 1%]7‘3%?%3—9’?31%”"%7\%@
i PR R e

et i R ISR A SIS IR R
PRI 20 R A B AT R T A R T A S ik

BRI & ORI BT L R RS E YA "’L’r%ﬁﬁ
ZUFERIEN O Mg e S R TS g AR T R IER E o
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POREY =R erﬁz 2 TR s&ﬁ;ﬂr\” AR S
, Vi 7 H R R B TR S P R IR R B R A
FLEE R S R BT I S R T R g 2R Y

-

o % R
(1) i B8] ip] B8 3052

G 18R] B FORRR A 0 AR F W E 2006/5/1~2006/5/31 32006/6/1~2006/6/5
IN36~IN68 % 8 i il A ¢ FAL > 15 T Ab— 4 W FALTE 5 203 s
Boat 2 Fob g N s a2 o B St 7B 2006/08/01%.2006/08/31 47 FEH;
ﬁri’jx Lofe 5 8 B HapLEAN36~IN68) & 4L » i85 & ETC FAliti7ie
FEHCR B2 * 0 201 2006/10/15 ~2006/10/21 8 B I R B2 i & 17 A
JT\'IE%EE%—Q * oo

(2) T+ q R

RS U ?#»‘%’5 3k 2006/08/01 ~ 2006/08/31 #p 745 ++ &2
1¢ﬁp¢fmt @%?P’“ﬁﬁi pf=@%%ﬁﬁ*%?ﬁ%@
6 2 EFPRFE? 7 ETC &2 BRI B T2 5 stk 22536 ¥ > 5
i fﬁéfa *ee B2 2006/10/15 ~ 2006/10/21 Hp 7 e frliz £ 24 ETC 754 & 3% 8
BRI EREY TS 2016 X 0T 5 i skwme oo

4.2 #5053 IR

KA SRR mv}#; & B HOgE T P B A (d R 2. % i ﬁﬁ::b%s 7 Liad
B FE QU R TRERR - T DT RS 5 d ANN B
LI EIIR R R SRR 2 R S R R BB 1S ST
TR E BT N BPRERET27THER"EILE > FVR,AFIFREHREIR
WAL AR T R AR TR R - AT HEDNFRIBREL
"

B REFE BT F(RA)F
EE P —.;—.31;{» swps Ho1 %»;,,Lﬂ:% LAk
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AP BT

i firs(Lagged Buffer)ﬁ,ﬁ;{# Tikgp e FlEa ko HP - BEFETFH
FgEA A 4R w OD F R F gtk § ociiRl @ e FtS kg
BT E o AR KA TR 2 K W Berp B R
(Occupancy) ~ i# & (Speed) %2 /i & (Volume) 5 31 & ﬁig?l »iE s ﬁ%l DER] R TRR S A

NGEEF2ERERE d B ingd § EMpBnfit 50 a7 3 BT sz
AT T - R R E R E B TR - R N B R A M (P
BaR) . ﬂafﬂ%ﬁ,,. T REEEFOFE S PREAT-FTIN CE R EE
Rk R R AR R %#m‘?(_«pﬁ“ R ) 3k 3+ TLRN 558 573 5 2 4p W 714
¥ 5 A dk 4-1 ¢

% 4-1 ﬁ,‘;ﬁg}:g;;{;i _r{]_%

#ic~ Bk Occupancy ~ Speed ~ Volume

FeSL P 20 fp> lomdga ~ 5 A48~ 10 2415 ~48

e T — feBheeae ) oo gL

:J"ﬁ?{“#i —:k\-—_{t\l(]%\-—f]}g\—fg:&
TR P % i Speed ~ Volume
;E;@Jpﬁ}‘“ 1~2~-~N

422 #pA SRR

% 7 Zeyg TLRN % B § gaRlae 4 > 3% B2 5 A 2006/# /52 FE @ L
B i ORI ST INAR At 1 B i R R BORLIED R 12 68 1 P~5 P
Bt FAL T B B LW A TR LRI AL R B R
MR TR R DR F A RS FE TR 3T 7 62 % FTHK
I EERTT L oGP oA IS AR R H A e
42~ 43 #57 o

% 42 3§ TLRN 2 U %

i~ T 1T AL IR

MSE Error
Model TS7 | = 10 @ per& AL | 288 £(C 1 p) | 0.0239 |9.123%
Model TS10 | = 10 i p= % F L | 2880 £ (10 p ) | 0.0218 | 8. 978%
Model TS31 | = 10 P % 74 | 8440 £(31 p ) | 0.0160 | 8.556%

%45 v

4o 4-2 #757 k 5LA w02 Occupancy ~ Speed ~ Volume % 5 3 B 2 £ Input >
Output 3K 3+ % Speed FER[E » A~ W11 57 1 p~7 p(7 P )1034 572 11 p~20
P(10 p)I672 £ %2 57 1 p~31 p (31 p)o545 £ 57 % P& FA T 5 IRF
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AP BT

AL 22 TLRN #4 S g5 2 L3RI e » 2 ¢ X 23 10 % Lagged input
buffer - 2 & % F(Learn Rate) 7 0.01 22X P iEiE (Threshold)?p 2_0.001 > & 9|
TAF D E 10000 =% {8 B EMEAH LR E2Z L B 78 1 MSE ¥ Error
B BRI AEAR S > HIFPIE sk E o

LN REBREFRSFAER AR EFHYHEX & ?E'?Jﬁ)etiyiﬁl
NEAFAL T g A2 ”Lr#zeﬂ‘n’skﬁfﬁ?*?p/?]& o AAET IR
WL HEAY SN ELEDS AT Y 7’\?:}% E(Mean Square
Error):# 4 B & & k=F HippP2e i & 0 & ;:z-x’i' @&aﬂMSE A
e

Pe=X-X i REAEPERTEDN N A AR GE T P Tiomy

' = {e(Mean SquareError) & :

n
Zgiz
i=l1

n

MSE =

423 A ER U H%RE

drmerit s 2006 £ 6 1 1 P 3 67 5 PGB ARk INAS 2wl P T T
#»’ £ 3601416 £ 0T SapA SRR ZBIFE R 0 KR ERESF @I
PHR 2. ANN $i03¢ H v 2ED1 50 7 e 5 5 /PJ P od 43 BLERATOT o

% 43 A DI AR T N s 1

o vd it 62 1p 62 27p 6.7 3.0 6/7 4 p 67 50p
MSE Error MSE Error MSE Error MSE Error MSE Error
Model TS7 0.0444 [ 11.720% | 0.0308 | 9.974% | 0.0173 | 9.717%<| 00236 | 9.080% | 0.0308 | 9.175%
Model TS10 | 0.0218 | 8.978% | 0.0218 | 8.978% | 0.0218 | 8:978% | 0.0218 | 8.978% | 0.0218 | 8.978%
Model TS31 | 0.0292 | 42.202%. | 0.0190 | 9.242% 0. 0145 11.190% [ 0.0158 | 9.922% | 0.0198 | 9.003%

FHRERET O VR A S 31 P (TSI UiF B2 FE RN § R iE endg
B 5 (B2 error 3£ A frdi B o L AR 2. MSE fif) > 7 F R E - ifr [ 2K ek
EFEARALNE GRS L AT 2 L BREREARE>F B EAD T
S IR R 4 IR o

424% BRI EIRRIEE

d PR FBRPIRERE TSN SRR BRI Z TR 2k R
&0 WL REE IN6S WP E AT 2006 £ 8 7 1 p~8 15 pehF L b
TLRN #5580 S 25— B EE - FFRIT S BRF L F@7prmigppE 2
B FALS BB R B R TI0D S S~ B TR RRG
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FEAERE AR ARTRE L HEEE y Mg 5 2139 % o ' d TLRN #2
FBL o 0%TAL B VAR R 20%T A B Bt A 0 0 R 10 Bt F i
» k3t B Y & (Learn Rate) % %% 0.01 ’f‘;i’—iF’“fiffﬁ(Threshold);f{ Z_% 0.001 >
EVREE 10000 X (S EIEEA GRS EE E o B il 20%H A T ALk
IR E RPN S S MSE 322 L E 5 00807 FERIFLE A S
5.0279 % -

o2 > 439 TLRN(INGS) HCZlHfed ~ 9t S 3 » & Mzt B p 2
A BRI EBRe 45 0 IN36 ~ IN42 ~ IN48 ~ IN53 ~ IN56 ~ IN61 ~ IN64 ~ 1N68
0PI EER 2 ﬁ;\fﬁt B A 4o B) 4-1 #1om 0 F B R ﬁi“"@{?“‘ % B2 TLRN
RIS R By SR L SRR R B R R LSRR AR
nEPEE 2 n RS R 20 TR

Nolypeel) . TN o
Oce(t) ® Occ(t) S Oce(t) o
Vol (t+n) ume(t+n >
Volume(t) RN = (’e:;"fﬂ Volume(t) TLRN 2 ;"’e'ed t+(t1+ ) oo _Volume() TLRN 8 Z"““‘;"fj‘l*“)
Speed(t) ’ Speed(t) _L"—]_> Speed(t) _M!‘_)_>
— & Speei = e —
Speed(ttn) o X
f | - Speed(ttn) __y, p Speed(t+n) »
/
yy) m—— 45 56 61 64 8
I | L | | I | I, I I |
L!l | | l | | v ! L%L
g Sl 7F4<El Bk 5 Pﬂﬁ b Tﬁﬂ [ni =
33.1 35.3 41.5 49.1 52.5 62.4 69.2 71.4

\ ETCHt(t,) = ZVDtt () /

Wl 4-1 e s 2 o Bl B B TLRN RN 7 &

B RAETRAGE ~ TR SREH 0 T L EIAcd 4A AR B % o BT
LB BRI A L MSE 4 2% 0.0098~0.0807 2 ¥ 4F iR| Error 4 % 5.0279%
~14.919 %> 2 ¢ 55 IN6L P RIGEZ B # g > 2 F]F seal st fk & & 1386 £ #73c

3 4-4 IN36-1N68 % e FF TLRN H3] 0 2 k3 4

ftom Y IN36 1N42 IN48 INS3 INS56 IN61 IN64 IN68
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MSE 0.0306 | 0.0388 | 0.0626 | 0.0098 | 0.0321 | 0.0882 | 0.0402 | 0.0807
Error % | 7.6569 | 7.4855 | 11.4394 | 8.4133 | 11.3775 | 14.9199 | 10.5433 | 5.0279

Pk EET 0 AT K2 TLRN #4 SRS - A kEma f W59k
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(3) FH &- hpIEBH 2 speed ~ flow > oce &7 FH % 6 clusters 2 4
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K5 (Matching) Travel time
A
[SaiNyE) (AN
PRSI E TR AR TIRERA
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Identify a set of the
candidate VVDs

Identify the correct . .
VVD from the set of - Initial VVD

candidate VVDs

\ 4
Determine vehicle
position on the
identified VVD

etected event
ered

F M FES VYD R 8 425 (o Bl 6-8)% FEP 4T

Step 1 : Initialize VVD ( identify a set of candidate V

Step 2 : Check Whether Vehicle passing VV

if occur go to step 3, else go to Step 1
Step 3 : Check Whether Vehicle passing VVD,
if occur go to step 4, else if time out go to Step 1

Step 4 : A position event was detected

Send the detected event(Time ~ Veh id ~ VVD id ~ Speed) to server
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Date Time Car_id_|VVD id [Speed
90|

2009/1/5] 10:10:01 12001 1450,
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<):| 10:41:31f 12001 14688} 1:01 86)
11:06:06f 12001 14678 1:05 891
10:20:28| 12002 14556 10:18 91
10:27:00] 12002 14557 5150 88|

-
Travel | Calculations | VVD id ——+|
Time (Time windows) | Matching w

B] 6-9 Procedure of VVD travel time calculation
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