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A Methodology for Estimating Section Travel Times Using Individual Vehicle Features
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This study is the first trial toward realizing a new methodology for vehicle re-identification based on
heterogeneous sensor systems. A major interest of the author is how to effectively utilize information
obtained from different sensors to derive accurate and reliable section travel times. The ‘blade sensor
that is a newly developed sensor for capturing vehicle wheel information and the existing square loop
sensor are employed to extract the inputs of the proposed vehicle re-identification algorithm. The
fundamental idea of the algorithm developed in this study. which is so called "anonymous vehicle
re-identification.” is to match vehicle features obtained from both sensors. The results of the algorithm
evaluation reveal that the proposed methodology could be successfully implemented in the field. The
proposed methodology would be an invaluable tool for operating agencies in support of traffic monitoring

systems and traveler information systems.
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9 AR, Ao J1ee] S5 G g8,
A wEAN 2 HFAE Fsle AduEA
AI(ITS: Intelligent Transportation Systems)$l
TEE A% we d7e Aol FE Foloh =g,
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% aFAojHRe o] Hoh FIHQ 1TSY &
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A7l ARZHE £ BYPALE AdEde NEE
71HE gske Bol F ERolth, o7IM AqzE 3
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o] Y1 gl /% A (vehicle features)& ©l
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AgAQAE A A F2 AEE EE AVI
(Automatic Vehicle Identification)e]gt Sl W
Hog 2 sdd ANASIAY pE ] Fakd
B L(tag)7h 7T G DA DS AN GHE 4]
Eo] ARSE AT, ey, 718 AVIE o] &3 Ak
Qo] 7R3 e 7ME & olsre Eele|wAl EAZ
A, A sibEakEke] 28 B9 FEVT AEE 59l
ohg-d AL slks RAeolrk, & Gl Atete 3
o] A2 7ML ANdAtge] Za e 2Rk B4,
& Eof 2] Zo], Fo], Ho], WA= T o]&3}
t Ao 7]&9 AVI Alxdo] z3 & ZatolulA]
ol EREH AFEE F JE Aol sirt. B8 A}k
Al FEeE 71E AVI AAHRT HojRlE Ao
Ao}, o) BHAIL d2E WM o S B
3 BE AEE A & dgE glonz & G
A Algkehs 71 28448 Aty & 4 o

i, RZEXPIAE(Inductive Vehicle Signature)
& 0|28 A2l IREM F& U Me
(Vehicle Feature Extraction and Selection)
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29} 2] 14548 FEe S 2

FERY AA EF AN FH 2R 438
1 AtRe] B3 w) mid 2] Re) ¥ElE Ax)6
o zge] §i ARE AYH BYF Y= 94
<, /idatge] AAE FHE o dYEE JdH9E A
o] HgE B} AUstA 2Hd (scanning)3He 59
< Ad HA7) Fle (B A7 448 scanning
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FHE sy pdaEe E8A g%t oha
£29 2 w59 de] 54 o8 dokdt e s
Uepdtt 2 dpdMe Aol ArigE FxpshuA
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(inductive vehicle signature)® A3t} FZ Al
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+2smpn+30mpn 35mph 7 40 mph —%— 45 mph —8— 50 mph -—— 55 mph
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* Skewness
Magnitude: « Kurtosis
Max.=1.0 Vehicle body | * Distance From Median (DFM)
information * Shape parameter(SP)
| / » Equally Spaced Interpolations (ESI)
v * Area
- \* « Stangdard Deviation (STD)
e - Vehicle wheel « Total vehicle length
/\/‘ | \/’\/ | information 3 * Wheel-based vehicte length
| \/ N * Vehicle width
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. @-9
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Normalized Biade Vehicle Signature
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3= #&9 HoA (maximum magnitude) 2 Yol
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& F¢Ee gog AF, FAUY, FAGES Sl o
g o2 S Jehdc) o)FA Fustd Az ey
o] IHFELE FEU A=Y /8 322 (a
g olAet 2ol Ao 4% (front wheel)# R
(back wheel) Atol9] ¥4 (shape)-& WHEsh= gkl
A4 (vehicle body) S43 Xl 7£°] slolg} e
42l 2% (vehicle wheel)oll 7123 549 & 7}A]
JFo 2 o £ ESIT e 7<PH‘J§ A, A
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A+ (Ritchie and Sun (1998): Oh et al. (2002))
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FY5d 9 AEsE Hagshed 2 93 A
7] Wl & AFlA AA T AEAFY nHEANS
o] &3 AFAUYE A8 F8% dEE +YIh
7'4‘3*94 AAE 28l AHgEE nAEHE 7 At

54¢ Hulg TEste ohE el AEE 4o
0}71] sfefof g}, B AFeX e 583 EY, SUV
(Sports Utility Vehicle), ®(Van)9l Wl 7§ 2ol
3 =28 1/H5GZ vo|R¢ ZFol& (Bayesian
decision theory)& 383l EMsigict. 7t A5d 2
229 1REAEY FEUE 8 =550 vus
o, AfFEQ) ofF AFEFR 2F (misclassification
error)7t H4t HE J-ﬂ——"é*‘" Adade). (o™
5ol Holzt AR ol & =X gslled, FEUET
F7t FHEE B AFRR 27E Jehd.

A A7, Aol B AR, Ao}, d9d A |
8ol HoZk(maximum magnitude of inductance
change), AFW1&9] BFHAHSTD: standard deviation),
A71Al %ol E24A4(SP: shape parameter), 1}7]/\1
%9 DFM(distance from the median) 9 =
Aol T EAE g ¢ iEE S ot Aoi
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JoH gt A A RARE 7R3 7] WEel
t}h ool AXNERY F2H A 3HEHE BT
Ao gt S AU HMe F /1A
ARl mejE|ofof gt AAe 7 AMRREH F5¥
229 EHEE 23 (adjustment) s Axp7t .83}
‘4 o] Aate 7} AAZE AL e SR U8

59 2 A0l siatE UE g 7P &

@71 mﬂ—”]‘# £ =FdM e @ AaE A%
EA9l 2% (vehicle feature adjustment) ]Eh_ 7&?
ot} Bl ou g Hhyos AnAoR Ao &
S o83l AR zHo|MT SFF AH o] HeA
A, 329 AEE viAsld AFE AQ2 skert 3
E Aot & AFdiMe gAzaNg FZHseH
(lexicographic optimization)& &3l o] EAZ
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F5 Y FE AFEY FolFl sFE Al 15
A gEe Ao|(feature distance)dl 7}ExgE
22k B (pair) B2 #HFH4(discriminant score)
T} oleieh dele) YA Ry HHse o
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(objective) %
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9 dAevel)E 7 8L F Utk A¥
Al Al AS vS $88 Aoz Auye
el S0 23 dAGE Fesld o g
AR FE AR g2 ¢ ook

e EA7bs 499 Q] Hav duElg
o] AR &9 F&AHQA £90] shedith
g AQ1A B B v deEA] &

AFTHE WEAFE o] 83 ol A3

“‘ZJE‘:"‘* (sensitivity analysis)& 2zt 7
(leveDEZ Fel8ld 8 & 4 vk A2
A9l A9 duelEe o4 (transferability)
& #o|7] Y3l o] 7[A n/EE FYsHl

2 4= Qi}

dxjzag Hasl £ g 5o 2R S
£ Al B (Steur (1986))& A2317] vlgct,

1. xR EH(Adjustment) 28

AFAAN-E A drzagg HH3E -’F"’E%}?l
Ao T} F7Y AMdA FHE nREAY =
(adjustment)°] "gdt}t B dApdde 2% ]
£ Hg3k] A4
o|Ad ¥ 71X & ‘“’\11—1-51 Y 1RERY &
°|& AAAT. FRE- FEAAY nREA( vf’i‘fmp
3 EE Byolze BN o) TAES
AATE ol gt HHeH v g},

(adjustment factor, k; /

vfﬁaoﬂ(") = ki*vflji’;ade(n) + li

2 AN ZZAT k, [ AEASTHE ol&
st AHEsigld.

2. HA[RT4T HX& 7|80 RZRHIA

dAzRY HAsle] s)2se] Fol SRR A
g3} Y8 5ol He BRE AR 4 2
A WHYaln, o2 T ANH FuARPY) &3
& AgET RY 439 AFEYS vlzoie vk
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Hd GaelEe) 1WAle Y AHo M) A
o] =AY E W 1 Apeo] AFH Aulo|A g £l
of SFF AHolHe =AY w7x] AeE HAoR F
e e FEEYAZ (feasible travel times)e) 4%
#lupper bound)# tgt(lower bound) 22 e
e Al(time window)tel] T¥He A2
FHAFHNES P} 2N Ago] AR &
goldg §9E o AMSE A2 (lane) FHE ] &3}
o 19AelN dojdl FEAFAFES Tl Fag)
3PANE Aada TR oAAHE Uepl:
UG~ Wsle] AYFE ol gdtn, 4HA NN E AF
o] Aolg ol g3l FRAFHFE HFH o2 48
o oolEe 4uAle ZA "eYPe B 72 AF
FEA T &3 ARE AFEY DHEAT Foi
shRE AR IREHE T Fol(feature
distance measure)d] JFSAE Fojil BHAFE
Azt o7|A, WP 7 AE AR st
2, /M AL MEARTE T A AL 3" Ao
2 7EgTt o] RS 7 B BxEaoyfozm
e & ohga o)

* 1st level: ‘A|ZtH(time window) & & &%
(f; ()= KHx)=2z,) such that
(z1e[L,, UD, xS, S'=[x€S f(x)=2]
*2nd level: AZ'E A% =X
(f(®)= | dfx) | =z,) such that
(2,XT), xe 8", S*=[xeS" f(x)=2,]
* 3rd level: AYE2 Bigle] HUX'E 9 ZX
(0= 1d,(x) | =z,) such that
(25X T,), x€ 8%, SP=[xeS% f(x)=2,]
*4th level: A% Zol'E 918 &R
(fy(x)= | d,(x) | =z,) such that
(24T, 28, S'=[x€S% f(x) = 2,]
* 5th level: WS A
min f,=p, | d,() | +p, | dp(x) |
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3. mWaHE] HAk(Parameter Calibration)

MdE dneEe] 43EQ #F A4S Asxe
2~4GA A AHSE A T) 3 5TAIeA 2t 1ty
EA 9l z}olo|| 7R} (weighting value) 2 AMRE 7|
T(p)E Aoz Piehe Ho] adj £
TN E F42F SaelE(GA: Genetic Algorithm)
& Agst AFARNA GueEe HEEES A
shahe WS el o] e 94 deluEd
Habg A 8g 23] vl &(correct matching rate)
S Huzlsle 3 EA2 Aogtt o 9l A
A&7 AFAY duEEE ZH A k(fitness
value)¥ A3H(fitness function) 28 AAsa,
AR daEFE o83t AAAEL Hulgsle &
e FEs Ze RAolth o2t Al dneES
o] &% AEAQ Y dmelEe] e FarlHe =
A zlsd (a3 6)a 2

V. N2 F ¥ Wt
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dneEe) A JrE 99 A Ase vy
Aol AnlRl(Irvine)Ael Irvine Center
Drive ZHA=2/3oA £38 2] A71ds diog
olch. (2 oAl By upel Zo] AAFHe 729
A A FZ AAMG oF 25008 o|HE
of AjZo] Edolz AME AXstn ARE TR
o 23S WHEE oS s Aold ¢ Sle 1
%9 ~AY BEE /IR Al=E AN AZsl 7
AMZRE AP4EE Tollm, o] AKIE AEE
He| 373 e ez gk nREAS 5
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o} AYFFEA ] BAZ Q3 1417t FAHQA w
528 (normal traffic condition) AtR4to] §-83%+ A
oz I 308 Age Fe] M v
A 307 Age gue|E #rld Z7} ARSI =
&, AIHE "‘E“Q} Shol ARy 2AHTE
e AFS HYeE B ERIG F AAATHE
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2. galEel ot

Mad gae]Fe] ks T 7k Yoz gy
Atk AT 2] A2 &E HAAleke Foln, EA
A AL B8 dojzl B AAEYPAITE
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Foll sl dAZ Fgs] AU Ao 8 JERY
£ CRR(Correct Re-identification Rate = ¥z
Zoll s AAZ HEe] AAANE A / AAETHA
ZF F)o] 50.0%% Aoz ehget Ateke] AdaE B
& AFEE FAIe] BERE Wrlslr] Yeire HaE
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(B 1) 887 &4 243 bl
TE | MAPE A N
@A) | ) | =337, x=zn) | AT
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(c) 4-minute aggregation

(28 8) SYAIZH F&x vl

(d) 5-minute aggregation

Error) & AM88Gt}, a2 7129 ¥ A+ (Ritchie
and Sun, 1998 Sun et al, 1999)¢] 9j3d n&=
RO FEY FEHAVIE o] &8 AdAA2] A
CRRE 75% W99 Aeog Rad b} gl

o Ttime o ,— THi est.n
nZl [abs( = Yb"time et )*100]
MAPE= N obs.

- Ttime,, , *time step nollAe] AA FFAZE

(true travel time)

- Tiime, , - A% AU Gae]Fe] Ao 23|
4" E3A1Z(estimated travel
time)

-N © AA time step

S8 vme 234,589 vk A
(aggregation interval) € A&3}] EAslsict 5%
o] IATHE H&F B 8.9%2 MAPE, 2~4%
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(F 2) t-testE 0|23 EGAIZ} v

AREASE | MHA 2] 2t 0) | AT

R o/2=0.05 71742
28 -0.782 1.761 ( dof=14) Accept
3% -2.099 1.833 ( dof=9) Reject
4% -2.157 1.895 (dof="7) Reject
5% -1.276 2.015 ( dof=5) Accept

U5 FAANA A e 35X 9] MAPE7} 2
A dehte dte FoA JAE T4 2T F
TR AT TAHIE] w1 WA FEwot
Holg ez Qs TAsh= ozt £ & ok

£ A7l A 2P& o83l FgE FAA
el AF FYPA A AREE HAe] Askd
AA AR FYsiih 4" T e oes
2ot

Hy: 339 S9N 4% $9Ae e,
Hy: 349 SR04 4% §RAe 2ot

7ML BAAR A (paired t-test) S ©)83}
foh. 3% 4% AATEE FHLsle FHE 59
AlZko] @/2=0.059 2NN AL 1A ¢
URTE. 12U, FAHCE Hoh fodt AEE =%
Bt7] YaiME taksl nExRAGAN £AdE B} ge
Fol AEE ol&F HAHol e Aoz #dHd
(E 2 3=).

VI. 28

B dFoA e o)Fe AMAZFE FE A =
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