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Abstract

This paper aims at testing the applicability of RFID (radio frequency identification) based link travel time estimation algorithm
in urban street settings in Jeju island Korea. For this, we developed algorithm and compared link travel times derived from the
RFID probe based algorithm with those from (already available) GPS based link travel time estimation algorithm and with the
actual link travel times from survey. RFID readers are composed of master reader and slave reader and the participating
passenger cars were supposed to be equipped with RFID tag inside the vehicle. The data were sent to traffic information center
and we used those data in comparison. The algorithm produced link travel times in a successful manner and the accuracy of
those link travel times was about 88%. For the same link segments, the accuracy of GPS based link travel times was 93%. The
t-test showed that both RFID and GPS based link travel times were not different in accuracy from statistical point of view. The
applicability of RFID was tested successfully and the algorithm proposed seemed to be used in similar urban settings. Some
limits and future research agenda have also been presented.

Key Words : RFID, Applicability, Link Travel Time, GPS, Link segment

Rl OAE to b

ojt 4

* ZA7 : opFTstE ANTEFAT BARA@AAA

 FAZ : oFFUEEL BRAYTF R DS

s BAR ;o\ FUEL AYDEFTG AR

=25 ;20074 62 19

2 ATE TAWSIA/ISAGY FUAE2 B39 A B WERR FYAA AL 2 ARG AR S
Fuh



RFID Z|ttel SEAZE 5 718 74

=]

—

4 9

[.A &

1. 97 HZ X =5

A AA F2 AAF7P} 591 HE 2 (Ubiquitous)
ASIE ) Aol T A oo 1%, 3
7, 4, %52F, T 30D 5 49 A Bo}

o Z2X fFHIFAEE ALY F5G MFEA 5le
THAME FrlFE 2 UEHA Y 488 Fokz
dEHE ATEF oklA AFHE £V 4
ol& &&% AMulL el Bado] AZHIL 1o
o, @] ZFHR +3 AAE Loop HA7I, 3
4 HlIE, DSRC 5% o]&3l7|d] Hx] & A%

o A85E H&o] gol AZAQ ko] ofel¢
A7Jo]2 2 RFID(Radio Frequency IDentifica tion)
& FAUEY Ve w7l HEEA Hgo
AFE NG nTFE FPAAE 75 d8A
ol AI71=x Slh

g RFID/USNS] A AlAIAE o] 20101390 &
540.8%) Z#(IDTechEx)°| ©]& Zo|H, T HAZ
2 201049 399 ¥z F71E Aoz MU
(1], FHIFHEZ ALY 7k Qlzei]l A&3ta A
3 25HRY F % AFL damge Al
AFRAA, AXZ A, ERTY Muls F
THFE ITS AMRlA 3 AJ2RIE 9] 7]& o) o}
A g AR JET glon, 3], IT= st
oA FridE A 22 AH3 FAIWF RFID

HEHAE AAS ITS7|E AAIZE 5 FESF3H
o] 7b&sta, BEH WEAHRY A|Fo| 7hEdttd
FUE B2 TAFHA davigs 309 8495
ojiAE Ao 7gdrh

g J 7)go] HAF net wFoldAE
< AN AFAR AF, J8HH 2% 89 ¢
A etAE T HAF nEAAZY AFL Q7

Sop, olei% AF-ESH ek S0 thSHaL
Az BEFL WHT 5 e AP Jl
A% Bedol A7IYD YoM, RFDE B8 T
AR £PAAS 2L TEAAY 58 £

282 2R Asn F

.‘]74' LIV B 4
AW AT 4 Youl, BT WEPRE Ay
9 g Rolch

22 EHAY] B FUAE F

meh B AFME 447Fs40) ¥& RFID
TS YR 4 AAZ HE317] 3 A
27 23 7Y Agsla old WE W
A M2 w4 AAN A A8k o4
ke A HHoE I

kvl
gul

r
e
l

e % =i

£ @7ME RED P4¢ o188 Fa5YA
33 € 447554 B2 99 hEe o

s
2.
- A JATPANRE FHshe TS e
B4% AEste] RAD 34 543 vlag
- RFID 53¢ 998 25354473 44 o
FINE 3 7 e
- @ A5 A AES JNeE AR 2§
A £4& 53 RFID 349 H87Hs4E 3
7he

I. 2R A4 A&

A AFAHEE A7) fs) shtel AAeA
T8 A8E T JEE Y AHA
AAAL B2 R 7S dFez ARE T
ARE Aske THHEAAAE &3t ok

1. XEAXAA-FZAHX]7|

A AHJAAANAR AHEHT
A7), BRAA7], A HZA7), &9
gdsiy wEAR FIEeR RFEARNE M
Bo| o] &3t Yok FEZHAIE o83 &xH
°olHE AtEddle WS ES7HA7|(Dual Loop
TR AZEE o838t SxE FAs
= W3 @A A)7](Single Loop Detector)®] o

Detector) &

16

H6A, M22(20073A 8¥)



RFID 7ltte} S8AIZE =5 7Y

H

Py
Y wEHESH

A B B X7

Cn) 2

: 2xI ey

L
1
o RIel dX37

Y
i
i
|
1
i
i
—— ¥

| I

L 2R AEsE

AYX7IS H

B AX|7|19 B

£

J}J

<G > SFRP| S= HX| HExe

=T =
<Fig. 1> Concept of detecting speed in dual loop
detection
Y WEES olgdte] £E8 Fshle 2714 W

oz R + Ik

DA E o83k Bee AA7] 2ol A}

F AolE HRAATLE o] £58 A&t &

o] FE3 dols & 4 1o Yk R IR

#zolg Ag3sto M, BT l7l—t— T RZ
AA7] Abole At Zk AR QA" AzE A}
o|& o] &3t A& Utk [2]

ARRARAAAE 5y S o 87 o
Fo AHE ATHEE zfﬂ‘%} AERE TN
& e 4ol Ao

B WSAHES Xll 0}71 AsiMe deé— =

Tr«l Qe Psﬁs}t godol S

A&F FINE FREI BOU TARS} o]
A5 A% ZEFS AY a2 B B A
B So) BgHA Rah) mEel Fewst
gol "ol @l itk

A FHHEANAZ wol
VI(Automatic Vehicle
DSRC (Dedicated Short Range Communication),
GPS(Global Positioning System) -4 o]t}.

ol &HL = A

Identification),

R A

Beacon,

(O3 2) AVI Y4 Az £ HEx
<Fig. 2> Concept of estimating the travel time in
AVl

1) AVI

AVIE ZTEBA2HAA REARE F35=
b o] & e WHeE FFARE AT 7
AYM E493 AT AS of A T FFE Al
2 apelg o] g3t FYPAZHE AEska Slth

of W29 AL HAAHE A= BE AFE
#FFsl7] o) A== Ago] wol tEAo] ¥
om AVI #9 A8E 7|92 /MFAHY A
ARE FAY & Yo FH] AUtk

WEH ot Aulrt a7te] 7] Wil teee] e
AXE) oH ) ATAE 3L AT Tt
UF Arke 93e] vk B¢ 71 £3 7olE
A3 FH AIFF AT ARl B2 TAFNA
Z: Time Lag)o] 2AYsl glod, o] EAE 34
71 Sl ZgHE o8¢ 7] dFeg 1

EAE sj4dsta Ych[3]
2) Beacon

Beacon "4} 912 Beacon} §4l Beacono 2
T4H lon, AR FHLS USH Fo| o]
Fojdh

- AFRHEAE AHE AFo] A Beacond F
BeEA 947 9 A%e ARE

- B4l BeaconS £33 w] X BeacondlA £
2o} 33t A5 E F4 Beaconol $4%

- 541 Beacond| A €418 AR & AEHZ HuUlx

Vol.6 No.2(2007. 8)

The Journal of Korean Institute of Intelligent Transport Systems 17



{ T AT
R = B
[ERIIUSEI N B NE
H |
HEH
39y 7ea STy en ST 9n
L HiE Qﬁié | iz &Ul? _Luz
B2
HI21D ARG
NEEy e
RN Wy
Probe-car Probe-car Probe~-car

<22 3> Beacon HHAlo] E8AIZE X JHH=
<Fig. 3> Concept of estimating the travel time in
Beacon

| 2Han@oHA)

[ ADSLEY

l RSE

r .

OBE
<O%l 4> DSRC H4lo| SAAZE £ JHEx
<Fig. 4> Concept of estimating the travel time in
DSRC

A M= 7+ Beacon?re] FAIAIZHY] AolE
o] &3t FHAIZHE AT
Beacon 42 AVIY| BI&| 43 F3to] #7] of
Tl AZARE dila Az AXE FAHE 5
Athes AAe glot mrle] Fujojmg B 2H
o AAs7] gEo wFAE FHFNG AT
o] ztol7} WAshe @rgol Utk E& 914 Beacon
Aol AF FHo] YEI YA HFE HA|
Beacon F-AI8H3 3 5Lste] Y4 =7}t "ol
e @do] gtk w i =wAR ARy
gEdge] Erbssithe 93E 7HA 3 lth[4]

3) DSRC

DSRC #41¢ 1 92)7} Beacon 4% #4138}
o DSRC A& ABYRANN £HEES A%
S Yot wARAE SR o =EgA) A%

’7 GPS point
2 nodel f node2
b link1 ?
[ * ‘; . / 1; ;,“
x - #

node 2 Exit

node 1 Exit

Link1 Travel Time = Tzs -Te

<18l 5> Circle-X Lne|Eo| SaAIZL =X
HE=
<Fig. 5> Concept of estimating the travel time of
Circle-X algorithm

[
o
1=

4 g dp
>
o
)
N
N
3
N
)
A
X
=
e
2
52
flo
)
=

Zo] o §H, AR A fAE B
& & glvke 230l T[]

4) GPS

GPS A& XY A7 A 4 7] Q&
o Ao} 91X FR e} FAALE o]t FHA
7+ FA3n Jon 71 Y€ Circle-X €18
23 AHEEa ok Circle-X ¢13%EL GPS &
A2 2 Az 0AE 13 WIS AT
W Ulo] A3l GPS EQES HZH A7t 3}
ol& o]g3ly FHAFE FHTTL[S]

A= Circle-X ¥ijEFS 7Ho g 2744 w
202 BYPAZE A2 E £} Yl e =
oy el o2 e #Ham et
rev)y WAL A T =9 B
A g oM AEZ S8 MEjolA FHAZE
9] Ao|5 o]g3l TS AEdhe Weloln
Yo 24 GPS AAS WA J1YE o) &3t
o #F FAZ WAL AFHZR AN e F-
GPS XRIEE o83l TIPS =S F o5
e $23kck]6]

18 DAITSYR=EN|

MeT!, M22(2007'A 8%



RFID 71gkel S8AIZE 8 )8 e 3 nEYESY HEVISY #ot
= o) HAe B AECAM A8 E A3

7] Wil A Wol FastA gon, ¢
Ho]E Fo] goldtthe el ot Ao A4
& A FA4E F gloke 3ol k. ' ¥
anjy B e AFY 48E FA4E + U
7] Q& FEgF A5E FIE F ke FHol
Jovt AEhfgAe] o] estEz o] Jd
Hog @o| 51 Juo|EV} oYk vl Ao
o1 #|dsly] Y8l x=RARAA GPS AFE A

HE £483 A8 ol Agsis WEe o8
a1tk
3. RFID

71& 23 AAS vwE B o RFID ¥l
t7)9} xRl ARE Tagste] $44S 53 A=

£ F3%17] @& Beacon W3 FARIGL &
F AUk

2y Beacon(900MHz)ol| Hl3) F3< i
(2.45GHz)°] o} B& FEE $218 4 glom,
Ziy] 2 €29 ulgo] o] wa JRte s g
t7] AA7t shsdtthe A3l Utk ol F3
Beacon?IME B7153 37 nEFo i T34
F FAE rVEsitke Aol vk =9 #nr)e
A Tagete) G54E € 74 714] Fot ARt
A A= Zh

REAe| RFID 4] 9A] 2lt]7] Atolof|Ae] A<
geto] Eo] GPS WAl o] HERL AF A S
ZFHsl71e JErhe FAMEL A3 A%,

%

. RFID 7]4ke] 37 54 2 7}
1. RFID $&EAA

RFID #JAAE g9t A5 B2 JRE +
Aeke ez 4= slon, RFID 237} 5
A &kgo)7] Wil WY Theks 93 2709 €™
7l(Master, Slave Reader)7} %02 FAxo] glo

<28 6> RFD 27| 3 AIZLE 2
<Fig. 6> RFID reader and Tag in vehicle

o, el ME Nermox setal) 915 2709)
awr WATsm)0] FHAEE 2= A,
R 4 4% R DH7) $4 BR) A

o & 9, 2719 FEr] BF $A4E HEFHAY)
s, 5 A Y] A BEE A28 | W
% 3¥ A8 Ao

A A o727 E FAste ARe 2d7]
D, A% B2 ID, $AA1ZE 7] 94X, B §
A A% Folth

2. nSHBYMT LF

RFIDE °|&& 9 Gr|& 7|Wez ARE &
F2l8t7] Wi AFEFR 4L HErE
2 o]FoAH, aFHR B A4 P39 oE
7h3el =83 A g9= o)FoFTh

B} mE 25PRE AT AME AHF ©)
T Ul w2t 7 A X8 goivlg 7
o7 =23 ¢3E AAsto vt o] B 3

o we}t 71E Ful77t WA g =8
a FAe] BRsitks ZAlde] gioh wepA =g
A} g3 74% &l sb7) el 2719 By
Z e 71FeR AAsof gtk B AN e
F A9 Fd7) F Agg S8 U7zt e
B 2grje|2g sixg Hr)E 79 R =84

8o

71E

o, 01?‘,

P3E FF3e AS V|E AR FgeH, 7
otiaE Fur] £4 PR A == PHE Y

ste] =2l gast B3 FAEA FD7t i
HEE 3T,

Iy 2lE7] 24 leé" E
A HH225m)E aBEto 5

g9 Fi7)e) 4
ECHES ERE

Vol.6 No.2(2007. 8)

The Journal of Korean Institute of Intelligent Transport Systems 19



RFID 7|gte| &3

ot
=

\J
¥

3]
N
It
=

Ea2is ¥4 "

=43 3

<aE T =2l g3 T 72 2y
<Fig. 7> A ground rule of organizing logical link

Eas g3 1 =N YA 2

yl r!

o ®

&

1

<12 8> 7|2 A =8| of242 Al
<Fig. 8> A case of not appling to a ground rule

J e,

olgid EAEE sAsky] A8 2rirlrr 5LE

AA B30 EAY A 2] £4 AR 9
g == HHe J3 do] A8E Ve £¥S
#gE 5 I=F U

3. RFID 7|8te] S8AIZt &8 Ln2F

RFID= ZH7|ge] $448 58 A8E 3
8}7] W&ol FHATE 27 2)T)7) At A A
9] Aolg ol&dhd A A& ok & A7
Al BHAL FHL vt Gyl Ve s 7
%€ =94 P3¢ JulaM £ A3 H
a2 AR F AR B R AR} MY w2 AR
Q 2¥A $A ARE YYARE o] 83H, o]HR
48 Agg 7oz FPANE Fske B
o 2.

Stepl. 87 FR 74
- =24 Y39} £ Tag ARE 53 i)

Reader @8 WM

A2 0l&R Hel
(K12 ’AH)

SHARN ME
(ZAAIRE AN

=
O
r

~
1)

iz
ol

Wy on

~

.
kA
2
i
0%

=2|12320i7
Se1230l9
90% 0| &F?

SUSRT ME

<% 9 RFDE 88t SHANU FH Mz
<Fig. 9> Flow chart of estimating the link travel time
using RFID

& ARg A%
Step 2. A% &3 A% Bd
- RFID F4] 7] Ale]dl 9] fXe & 5 ¢l
7] WEol A" AE7F Ao =2l F o
35 53 ARJAE Aol stz 441
g 77t =g d g2 N1$He] geR B
lagis
Step 3. 53 At A&
- F 719 2lE7loA =48 A7E RpolE o] 43}
o BYAT A
Step 4. 271 °)49] =24 Y32 74 Q% B
- g97) Ax H3 59 OF € =3 g3 2
oj9} AA| #= Zo] vuE T W
Step 5. 53X 1A
- =83 Past A gAY Rolg Hags)
A P2 Aolg 7vtez BAS AT
Step 6. BFEE 32
- AEE BA0H FAo)E Ve F

4

20 SrERITSYR|=ETY

Mg, M22(2007'3 89)



RFID 714tel S#AlZE =8 7|8 A

E > AE TA AR

<Table 1> Scheme of examination

¥z W
FAVEZY | AAEAFALA B~ A F 23 ALA E):4.2Km)
713y ik

YRE =2 Yoz 1270 gld

TN RED 2 GRS 40 FBF A
FHARE | 2007 59 49 15:00~21:00 (F 6417
g WEFY EFF R F3
T @297 99
ZARY) | 28 20, GPS FA17) 2dl, 2A1A 270
ZARIY | 4FERAEA 2%, B 24T 27)
ZAEE F 53 4=

g e

4. RFID 7|8te] S8AIZH =8 7Y It

RFID 7I9te] S22k 24 71W-E B7hstr] 9
3 4% 5PA7Y, RFID 33 F3AATY, GPS 3
FYAZEE vlmEAAt.

1) A ZAIHR

Ix

ZAF AL AFA AHEAYG A9 F 0%
bom, i A|¥ Ao o3 7H4do] H& 4
AEE ez F9en), ZA= Floating Test
Car 243 o] &3l on, AP Q142 43 (AA
2%, AR FHARE S8 2% o2 FYY
on, watg FHAZRS Hh 3 H2E A
A€ 7ELE S83A
| +3& GPSY %% GPS FA7|1E 2Ek
of A3 F olg xERY AZAsY dF N3}
TAEEe BHAE A& o,
RFIDS] At Bl28 A3 §F a9 a9 75
H ARE AENA AFuskt)

>
ge

%ol

i o

2) HEE @I} x)E

22 od FRE SRS

_thL.maM ............... /u
‘ i
e S e

HMOHIE

<8 10> mAIR SHAIZ S 21X of
<Fig. 10> Example of survey location for passing
time to intersection

MAPE(Mean Absolute Percentage Error)®} Zth Q.
AP F(Mean Absolute Error: MAE)E AME319
oh[7]

2 zi;fi
MAPE= 1 (1
AN, x; : AEX
£ FAA
i'zl _fz|
MAR==1 - @

3) Hiet 7| HIt

AZ A AFZ DA sty olFojH oyt
7] FA Be Foz2 A3 4% rridAy
g7t A ot AEH R S ) HA
£ ez Hrstgen, o dde oo 2ok

<E 2> Mot 7Y ot thyt @3
<Table 2> Link for evaluating proposed method

g3 4 T2k T2 o] (m)
1 A7l E~Aw)u-S 719
2 Ar|ehE~Abg ek 253
3 BAXAAY~EGFF4 770
4 85~ M AAAEY 464
5 | MALAAR A FLGAAE 617

Vol.6 No.2(2007. 8)

The Journal of Korean Institute of Intelligent Transport Systems 21



o
Ei
o
0x
HI
4>

o]

& M&lsd

05!

2t

<! 11> Higt 7|t.1_1 s e B
<Fig. 11> Location of link for evaluating proposed
method

JEREL

AFAA Y - AFLBAAY WEY A A7)0}

HE~duju}E J7ko] MAPE 77.2%, MAE 9.83%

<E P MUEFAHE|-HIF

T4l HlE] Bo] HoRE AoR Yoyt
2 A4S FINNFHY Zole 102 o,
A 80% ©)4oE HATh WHE GPS Wl
T s o] glo] 43 PR 32 o]
o]zt Un, &8x£ 90% ol BA et A

FEYAAY - ABALAY B As Anjupe~
A}gulS F7ko] MAPE 69.8% 2 EFFZi] nls) @
o] "R} o] 43|} A H“@?'ﬂ zpo] wjiEolm,
MAE7} 4.8%%1 A& & o o]& F9 o7 ®g=
A YAAHY] @Yo LL%E}. ARtxog
RFID 28] MAEE 6% o], MAPEE 90% ©|
o2 Ueston|, GPSY FA| 43]3tol A LA

28lAlE] 2 2FEMA|Z} |

<Table 3> Comparison of link travel time from Shin-gwang intersection to Jeju-bank intersection

92| g, | RFD GPS Az RFID GPS RFID GPS RFID GPS
D |77 | B8AZ | B8AZ ) $A7 | ddex | Ades | MAE MAE MAPE | MAPE
1 35 42 45 10 3
2 50 44 42 8 2
1] 3 33 42 41 8 1 9.8% 1.6% 772% | 96.3%
4 32 43 42 10 1
5 31 43 44 13 1
1 26 27 24 2 3
2 14 15 13 1 2
2 | 3 18 19 17 1 2 1.6% 20% 91.7% | 89.1%
4 22 18 20 2 2
5 23 20 21 2 1
1 138 140 144 6 4
2 31 36 38 7 2
3 03| 12 136 137 15 1 72% 24% | 917% | 972%
4 98 101 105 7 4
5 86 86 85 1
1 43 42 41 1
2 35 37 38 3 1
4 3 46 38 36 10 2 5.8% 1.63% 83.3% 95.4%
4 36 38 39 3 1
5 20 28 31 11 3
1 45 58 57 12 1
2 50 46 44 6 2
5 3 61 53 54 7 1 642 2.6% 87.8% 94.9%
4 59 46 53 6 7
5 45 48 46 1 2
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1 34 42 40 6 2
2 40 41 44 4 3
1 3 55 68 61 6 7 54z 42% 89.7% 92.6%
4 73 58 66 7 8
5 60 57 56 4 1
1 19 18 17 2 1
2 17 20 19 2 1
2 3 17 15 18 1 3 4.8% 2.8% 69.8% 83.4%
4 32 21 15 17 6
5 18 17 20 2 3
1 41 38 41 0 3
2 41 38 40 1 2
3 3 43 47 41 2 6 24% 32% 95.1% 92.7%
4 45 52 49 4 3
5 50 53 55 5 2
1 47 53 54 7 1
2 39 45 48 9 3
4 3 42 44 47 5 3 4.6% 1.63& 90.6% 96.6%
4 42 43 44 2 1
5 44 44 44 0 0
1 46 58 60 14 2
2 43 48 50 7 2
5 3 56 60 57 1 3 52% 32% 90.5% 94.2%
4 56 50 58 2 8
5 38 41 40 2 1
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