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ABSTRACT

This study was conducted with the aim of developing a system to collect taxi GPS probe
information to prevent link defects and to improve the accuracy of the standard link-based travel
speed by determining when to go into and come out the link. For this purpose, a framework and
algorithm consisting of a five-step process for standard link-based map matching and individual
vehicle travel speed are presented and used it to calculate the average travel speed of the service
link. Two on-site surveys of Teheran and Hakdong-ro were conducted to verify the results by the
methods proposed in this paper. On the basis of the overall time of the field survey, the deviation
in the travel speed was 0.2 km/h and 0.6 km/h, the accuracy was 99% and 96%, and the
MAPE(Mean Absolute Percentage Error) was 1% and 4% in Teheran and Hakdong-ro, respectively.
These results were more accurate thand those obtained using conventional methodologies without
standard links.
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ITSD Fofoll Al AAIZE A EAHBFHAAE w9 T IS Tt Ut ITS sheAI 28] ATIS?),
ATMSY) ol o] &5+ AN £EARE= A HAAAA A AVIY), DSRCY 52 ©]-&3 73 AAAA=Z
W3} TH(Youn, 2011). B3 FA BT o8& A A AAAAE thalste] A dglo] AEFF o] 7hs3h
T3 AAAAR] GPS ZE2H Ao 2 HEkE o] YT} o] GPS TEH WAL AA T2 YA 5 TPl
Aol AEolehs HollA TR FA4 ol w9 A 38FTHChoi, 2006). 3HAIRE ©]5 GPS ZEE AFAHE=
SAR W 9EF e Okt E2uE SA@BAE 9%, =43L 22 93 5ol sl FHAEY] &
FVA, AFA F)7F BT 7HsA ol Atk 53], BARS] WA AT eFoR A AFd e sk
4] s 2ofehe EA QR0 E 5 glon, dRA oA ZEH 2}peFo] Hio| F3]| o] Fof
AA Z3 Al AAl wE S IE doldt wE BRIt AFE 7HsA ol ETHKoROAD, 2016).

olgl AAolA AEAAE 2014 FH Fx2ntEFIE AR OFIAFEF 22,7000, 7] QI 49,300
ot EHE GPS Flo|HE wEARA 22BN Fete] mEPR L&sta glon, 201435 E ZH A
Aol =A= I e GA B2 Aol Foz GPS tlolH e £HE 2 F840] FolA1 JTt
(Hwang, 2017; Seoul, 2018). A-&A] B1A] GPS HloJEH = 10% @9 o] =3 F7]|2 28 30Z(150)uttt i %
HEA 2O Z AFF o] MulAgar|ile] FY&E 2HES 3] ARSI ) ALA| EAA 7
W=, GPS 914 HolE & &8 Ae £ HR Y AL oF 4% TFol o] ETk(Lee et al, 2016). 3t
AT, BEHY E2E olFshe YA 3 544 102 B9 3 F71(A% 50kmh A, 102 5 oF
139m o]F)E AsA o5 A2 2 E2 FA 7ol TFH Aol ol AT g FR&EE
bz 9lo] oy go] EAjskE AAoITHYoo, 2014). E3H 0|2 HolHEE AE3 B3 1YL 9 7
ZN S gotdtr] s EthLee et al, 2016).

o] EAE sAsh] A B =FolAE 2% &9l 3 GPS HolHE o] &3 Aulaya FAT

A9 EEYAWo g Asd Y3 BY g3 1E-d A AHES Qe 9wl 1S AAstaA &
o} &3 €A GPS HlolH AE S 48L& QA 9A 20& UEEe 34 £55 WYt 2FY 3]
gre] NEAF SREEE 42T F, o] & o] &3 MuAY A P FTIEEE AEshe Wb O AxE
S sl AFsts nEAFR] AT AL FoluA Tk oI BYPEE AE HE W &
FEL 71E AT P vus) A2 HE Pgolst & 4 Utk

B =Fo] AL TS 2t} 27 M= GPS T2 H AT glo]HE o] gt g3 77 EPA L
FAEEE AEShe ¢uEE, VIHES B2 AN At dugFel #HE ATE YolE, 3%
Me ZF2PA7)hke] A2y d HE PSS 2HES 3 FH o2 Holy A, 2FHY A7)0 WA
2 REAE BYPET A, 8T o) E o4 Anaga He 5ISEE AE 2 HEE g8 A &
12 E3 7ol g otk |1, 4o s B =EA AR ZFEH I Auadd Hd 5
P&T A% Adlo)] tisf A A E 71E PHES 83 AEX 9o Blu-FE i dFsky, vt
Aoz A2 9 g5 A7 k] giste ol

1) ITS : Intelligent Transport System, 000 00O OO

2) ATIS : Advanced Traffic Information System, 00 0000 000
3) ATMS : Advanced Traffic Management System, OO0 O0OO0O O0O0O
4) AVI : Automatic Vehicle Identification, 0000 0000

5) DSRC : Dedicated Short Range Communication, 000 OO0 OO
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H RS R

otk A4, ME ZE2H AFFY 7 FPANLE AEHE F3t LR AU F
o2 AAste] ST Z2H Ao 77t FIEEE oGAE BAHSIY AASAH. AA, FTHAR
(Median)#+ 91 AAE E83 FHANAAYE S Tt odAE AASATE WA, AL (Exponential
Smoothing) & AH&3t HF 73 BYEEE AL

Bin et al.2013) W2 FHE o] &3 wEF HE Q4 WPS HEste] Ma FRIF 7231 FYPLEE 4
BE 285 £ JEAS AR 1 A3 WA ARE w7 EXEs
gl T2k 7Etg R Solatde] glotd F31e BHEE HHE o] 83

Lee(2013)= &4 BISOlA % W22 BRE &8ate] H=E FPAIKE =3
O A, A2 P SHAZE A Aul s AZES A 9E & dut AaFe] P BHAIZEY v n S uf
BEIXEA O] FASA L, Aol W =dcha g

Youn(2011)> €A Z2H 7|HE o]l FHEE ZAR FUEEAES AR T ol 4]
H o

AANZE FRFAEEE dF317] A gFAAY dS 71HE AEstAT MEE g5A0d oS 72
H| Z4=35] 7 (NPR, Non-Parametric Regression)S 7|9t Z /|UE R oH, olgA g9}l T+HAEE X st= &
PYAEE o] LI E AAHIG MARFE L GA 28 PO £H AA| FUEYEE ARE o) f

st @l Az S| eg de ol &EE ZWEEY 7Y vluste] 943 AFE Bk
YouQ2014)& A-&Aloll A Algsle A&Al HAHA GPS Hlolg 7]Hte] FPAIZE AR HIT EAE
M) $18IA AgHE GPS HolHE lste] EAFE JIAES HAARY} ZFAA BLAZ F, 59
£5 5 k&3t GPS HlolE 9 AEEE 7= ATFE 13EA Tk AdtE GpS HolE|H ez FA
H AAGRGNA AF Aty AAAHRE At AEH J3 FoA 7P ST H3E TR Y
A2 ARl BU3E & o]E 7o AEHE FAY 9 FYAY FAFEE A= ol
Zheng(2012)= ZZH zgo| o) £3E JRE 7WoZ AAY mdS o] 83t JfE T2 H A7F
e SAdg P4 <
g3ko] Aokek A
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Lee et al.(2016) AA7] T5 ©]-83dh= 71E] weds el Hloju AeAld 555 WA=
GPS tlolE¢] 78S 53 FAEHEE AUt GPS HolHE o]&3] =¥ tr|qE do]E ke
Cro| e ddste WekE FHT A4 HAHA GPS HlolE o] 45 102 S E T2
B apgel HAE AR el A2 32 1YAZ 8 IE3A4E getslr] JEn TeA Z2BA)
Fol Fa Y F AE ANGE AF3] HallA Z2H A7ko] 598 52 FdTE THAskl Fa
A 8 AE ATe 12 S92 BAsE WS ARSSlY =8, Aoz ER3HE o] A7 W

144 QTSR =27 TI183, M52(2019H 109)



)
o)
%)
o%
oi
HT
muj
i<}
00
ro
kEl
HA
o
]
N
T
ofm
0%
Ip
k1
=
A
>
[>
it

o7

5 , 7188 Aol u#ste] ddshs Ueks FHsTth daE & 571 Bt T8 9
g TSR W FAEEE Ui 7719 T3 2 distance per cycle)7t th718E ZolHt) g2
Agele 22 SR Adstdom 11 99 Afole Hl ERGEHE Adsith
Hofleitner(2012)= 2~E|" GPS Z2H H|o|El& o] &3t M EE WS FAsI o F3

l K
&

“o
o o

sfolnels maly xAUYIE AW, WLebA 23, Ae)ELjololA] s00Th o ge] Ezn x}%t%;:—
120t 908 7129 gl HolHE gtk wEF o2 ALlE olg3le] aSuoleE Al
gov], oleld W AL AN Holee) 27% HolelE Agdte] FHER AAe] YEND b
AEE 2437 A% FaF BAYS AASAL

3. AIAY

7129 A& WRIEA =28 Age] GPS 914 HolH = 102 02 o s, Ja %
= Abgd] ofF Ta% a4kl gae] AdH WE A Ao HATD = sldTh Aol s0kmhe] &
SR 102 T% 3 5 e 727t oF 139mo)7] g, A7t & 2R =R AN da F
LS A4S 57 e A97E Bol WAt I3 Aol S588E Ik IR el 2
ZA HA o WO 102 A YAHEE 12 AR T3, olF YA THEE A= AH8s
FAR, o] Afol= £ 03 WEstal lolnh w3, 7129 YA Z2H A 94| ol E o] &3 I
A FYEE A2 VYol e 9A Z28 A gk -3k PRhe A st FYEE AES STk
ol2 3 TAKE S AR AE 77 dNH R HoH FTYEEE AEoHA Rk A5 AT R
of dAshs dde XA You014)9] AT olHf@ A5 FAF A=Y EEkE-PA
olElE ol AF Ha WS Hasep] AT dueEs T FYLE AUEE woluA At

ofell ¥ Aol 2% HA9| GPS Z2H HoJHS sk, OlE olgsl EEHAVNY FHEEE
AEFol ol thedt 22 A S daEEE HEst FASE AGE P2 feiM 1= AT 8
HEd e oAt O 58k 73 ﬁl%% ¢ eld weda AXMM A9 @ Az FUE flsiA
A 20E WSk Aol ) A FRE FE Q) ol Azl W AT Fask F Aol 3§ WA
| gazte] dd4 A5 g @ oW R %P%OH 0E T35 B3} A O BEF 7] NEAF
FYSEE ARE T mEF VI MHI2E A Fe SHEES AEsih

. EFY3r]ae] Aul2da A7 PSS YA PHE

GPS tl°lElE &85 RFF 7| Mul2ga Hit BAPLE 4SS IS WA 4AHL <Fig. 1>
A -8 GPS HlolHo it AAE Fall 2FuolE AASt 2S5 B HeE F3dt,
Aol disl kP A7Ive] W w7 FYLEE AESTh O8] o] FHE o] &3t Auaga
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. Service Link :
Data | | Map | ,| Individual | J Average | Smaothing
Preprocessing Matching vehicle speed i Process

<Fig. 1> The Calculation process of service link average speed based on standard link

2. SYKT YHIH

1) Gilo&] FA2]
dlole 7k Aell, <Fig. 2>9F &2 &4 GPS HolH= HZLF, A4R/, x5 sidsh= tolH
& AAse AAY - S <Fig 3>3 o] ST

$GPRMC,175721.999, A, 3730.0308,N,12655.2369,E,25.67,178.29,061019,,*6C

T ' T ’ _— " T J — -
Sentence UTC Time Latitude Longitude TaniTEE uTe
1D over Date
Status M/S E/W fiEant Checksum
Indicator Indicator
Speed Magnetic
aver variation
ground
<Fig. 2> The structure of the GPS acquisition packets for the NMEA protocol
( START )
Remove packet errors Remove time errors Remove position errors

Body packet _ Serial number
ount in header body packet

Starting Data Current

! - Min position D22 Max position
time time time

in area position = in area

Reorder packets }_ END

<Fig. 3> Data pre-processing process

NEAEES] GPS HolE &= §4l H3kE £0]7] dlA 2% @919 HolHE ¢ 50 7= 257H-°/] RIRA
< 218, ol & A2 1719 Header A 24701 9] Body A .2 FAH T Header HF 41 &, Body
710 dEMSE Hlwste] i3l &4 s, EAF HFlo] EAde Avle A1) 2ol ZFA

RS E3] Body A AT lay_ = AL olE AT AZteos A AETAS ST B,
dlolele] HS Azt A x| 8 HE AT
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(P +P_y+P_y+..+P_,)

t I (1)
7] A,

Pf@%i] 7 e A ol A FAE o] 83 4 YA dlolH

P_, =AZA 7} A3 AHOZRE 0 AHAA FHE S HolE

n=—%ﬁl§: o] &3 F4 #A ©lolg AkE A F7] (AHF n<25)

2) _u__7'<_%|3_7||:||.o| OH DHxl

GPS HlolH= =AA A HE| 29k 541 GPS 9143 o} wjA] Toll & ol A3 a7 AT &
Atk ol W@ wA 73 dole =29 "HA AW £=(d, 80kmy/s)E W2 A3t o]d T3 GPS A<t A
T3 GPs 913 b A7t " Ao LS50 97 o)F AYE de AF THI S FAIH 22a, |
2 e HTHA AA Aol o) Al ] diAEAY 2FP A9} F A
ARAA o FE ddste] ) WY BAS s

WEAFES] GPS H1A] B AA HolEE REH A A HA HolE 2 wiFslr] Sl <Fig. 4>9F &
WY S AT W Y RS FE YA FF, A 93 FF, HFEA AA, 2 ARy
statjEak 3 T2 AR AH o= o] FolA Qi

o o

GPS data MAP data
(longitude, latitude, course, speed) (Standard links)
| . |
The process of map matchin
P P @ 9 @®*> GPs (position, heading)
i'-'- = 1 . Standard link node
i t+4 1 = )
Extract ‘ 1 A [ ad B 2 =5 The range pf extracting
Candidate |ink5 = & . Lma candidate links
. . .
l & 2 46 ! [ @ap matched position
¥ - > Ride B Empty
Extract suitable |
links ‘®____ - - } ’..--“"'" T
1 t+4 ~"A P B N
l I A [ 2 ==~_|B s - R
o I 27 L% S L # 1
Select final AT R . o
Brrioan | o @ (O N d1™>~~.__d2i .~d3 ‘
links L_1+0 _ t+2 O NP I R ";; 4 Prad
—— - - - - -
- “""I—--____f_._.-—"“-’
NO _,--"/L\'m_ ® _ _
—cfHSUCCESS?__} Ride Section Get infout Empty Section
T— A B Section C D
I YES »— - s
Classify
sections »

<Fig. 4> Map matching process based on standard link

WA, F0 93 FERYeIANE <Fig 4>0 D3} 2ol GPS A HOHRRE 40 2D BEah=

oA e e 22da dEEs FEIT
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(g-long — Tange,,, < max (sl.long)) N (g.long + TaNGE o,y = min (sldong) ) M e )

(g.lat— range;,; < max(sl.lat)) N (g.laterngelat > min(sl.lat))

o17]A,
glong = GPS AE=F %
glat = GPS 9=
max(sl.long), max(sllat)=EFHYI AES FAS= HEx & 7P & A=x39) =58

min(sl.long), min(sllat)=E2FH I AES FAs= HE 2 T /M 22 A=z Ee) =52
=

B
K
S
2
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§

o
=

=35 =20 0l&
range,,, . range,,=%-H Y31 FE< 943 4

Y 93 FEAPAAE T 93 F2AHIA F29 9202 92 W87 Gps 7o) Aol
F5po] o 30% vhe] 89l #a% w928 A% 9 £ A% 9228 <Fg 49 @
s} o] GPS SIA(P)oIA A HEABIA AN OE FIT a' AP, A ] AR @)E FEe
o), AmEs} EA5HA eggL GPS AX(P)NARE B2 HE F BHAX A or d3) F FS
A2E TR 2 o] A Aolsh HAAE Ao F V)L o] Az uHe azs} AAH L
A A% 92T AFYAZ ARV 1D <Fg 49 @ Lo HEYAR MY w2PAe o

S e FEA A AR T3, S0 A B HARE S5 T, 2T $AL B934
Fe gl LA B TR FRI,

2 Ao ga%Es} eix

o=
FEPas MNEAE THEE AGANA AL

: } '

Extract data by analysis Create node passage Calculate the average
time time spatial speed of a link

!

Calculate the last coordinates of the
Extract the two previous link and the start coordinates of
the next link

h

abs(Aspged - Espged) < &

endpoints(nodes) of a

standard link l

Calculate the distance between the last
coordinate and the end node of the
previous link

l Apply the empty speed
Calculate the distance between the start
coordinate and the start node of the —
revious link
P END
@
tipreu A L0 B tzprsv B [ -
tstare Lena
diprﬂ; Alyone dzpmu d2 gt

<Fig. 5> Individual vehicle speed generation process
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A 7

gl

N

Nt SAAXE o) gd Y viAE EEFIE BN B 5HE <Fig. 552 D
2ol 223 5 o)A A wAY HE B Nty 2 TH B3 ARHRE B3 AZHE e,
i) e AAESEL, o) F FA npA AR AFE o) B3 FFE =2 Addl ey d2e)St T B3
NZAH TN RE T2 HA A =72 AL, A2 S AAFSTE 283 0] F7HoME 545%F
= o 7PgEka A3)S ARt 2EHAY & T D an, tend) = A RTE

(dnr +d 1‘67.’)
t =t + (tnrt _ tprev) / ot L PP PP PPN (3)

passnode — “prev d
‘prev

0:17] A‘L tpassnode=‘;j“‘%a°ﬁ }\\j%‘q] == %‘ﬂ'/\] 7—11-

tn,xt=q% %]i‘o’] }‘]Z}'}/]'j:}_ %—3’/]—/\]7__}'
te, =018 B9 wiA T HE FHAZ
d,.,=o18 B2 riAe HFAAFE ojd P9 T2 =X Ag

d,, =T B3 AFRTAARLE g P9 A% =E7129 Az

Seln EEGE N AAF FREE(SPD

average

=A@k 2ol F29 I IEER ST

SPD T PPN 4
average (tend - tstrt) ( )
O:] 7] /H 4 SPDavemge =‘§"—‘%a° ﬁ‘o/] %Zl—ﬁé ﬂ_éy\‘.];‘_

L = EERZ AR S A2
t,, = BEEPEA 28 =T E9AZ
abS(Aspped_Eqpaed) o et e 5)
0:17]/“17 Aspeﬁd=/é -}- —é\'—E
EL[)eed=:l°1‘]— é'\—E
=33 £E A8 A

4) MH|AZT "7 S¥Sz 44
2 A E REHAS AN AR @3 F, 2EH 7] NEAE FREEE o] &3l Anl
B3 W TALEE AEU
<Fig. 6> Anlz=dash 594 9] 4aaAE ez Aok 1, AvlzRaE o8 A9 axz
g AVE ABA0) 0, ® AL, 1, ABIAFIE DA ALl 2] ME(CD)
O, BEGIAYE T Atk oA Au=FaE FFLAY NS BAEE 7RI
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H
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- — — —
— — D — —
T - " T

—T)|A —7 | B —T)|c —\|D

jr— jr— — —

3 3 3 3

ISQT?}'] lseer
Standard > _ _ > > >
Link ls1 ls2 lgs lsa lss lse

<Fig. 6> Relationship between service link and standard link

MNERFE A2 FREEE A@olA AHE EFEPA Zoldh TS o]&3t] 2(6)3 2]
Aseta, Anl=ga B FREET A(MF 2ol At

SPD,,.... = ZDlinki / Z T (tr—ind _ tstrt) .............................................................................................. ©)

i=1 i=1

A71M,  SPD,,...=NEAE] Au2Ea BY&E
Dlmk -_u_-v‘a ﬂ(l)~/] '3_' 2] O]
]—"i (tend - t,s‘trt) Fﬂﬂ(’)‘/] Eﬁg ] pul

=l Aulsgas TS w29 A%
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i=1
714,  AVGSPD,,,.=A¥2=83 B FPEE
iSPD, ;0 =N B A 2P FHEE

LR EERE L FE R

i

5) Mul22iS BR SHsE Es)
old BA F7lsh @ BA 7] ko] Aulawa BE BYEEe] WA} 2 Ao, P Aulxga
Fg3po] Fushe § . e WA ol BB A8 A A
93 WF BASES 4T Dot ATk B AAAAE 4ET 2L ASHEHL Asw

rlr

> K

SAVGSPD!,,.. =ax AVGSPD!, . + (1—«) ZSA VGSPDE . )/ N (8)
q71M,  SAVGSPD.,.. =t ¥4 AN BE HH ia_:,_ Bt FYEE
SAVGSPDE .. =k ¥4 AR B8 An|~a i FYPEE
AVGSPD,, ;.. =t &4 A AR|2="a Hi FPEE
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1. SEZA Y T} gy

& ATl AR EEF A7 MHlA" A B FYHEE A TR HUHE HEA HedE A
AArAY-223AAY S StER A7 audAA - A Eeddn PE% g e Astal, £ExA
Yo s AFHed 2AME o838t 07A1FE RAZFA F 543t Feke] FAALNE ARSI 1
I, Y 7 TY AR A GPS HIolH = A En2 A[2H9 X} £ 55t 2EFAE AHESL
A Be 71E HES A HE da Hw-BrHE Adsdt.

ARFZAL 718 WHE, A WEE 2Tl tiel 5% 9o AW 2P A B FHEEE 7|FoE 158 9
of ARl H THEEE AEeAL, ol AEARNH FYEE WAL AYE, 2 i Al IES
S AHMAPE)E Alttste] Hla-B7kstaith o714 AFE &2 49)% 2ol dFzAL It AAFe] H T3
EES 7|02 FeAE AHSIlaL, F4 eAke] WS AE ARE2A 4(10)3 Zo] MAPES ARS-SHIH.

Accuracy(%) = (1—( |SPDW;£)ZZZI) roposcdl D) S T00 woeeeesssssssseessssssssssssssssessssassss s )
e w0

oA71H,  Accuracy(%)=RAZA} TH] FRA o AHEERRAL O] AL WEE 03
MAPE(%)=%3 Ad] 9E& 23}
SPDy eIt BH R AFET Al
SPD, =R 2N ARl 2R A B 53

N=FE F
2. "It 24

1) AMAAE|-ZATAHE| FZF

B3 &z A AAAG NN ZAIAASA L ERAZAL 712 HE A W 2o
B2 FASES MAPE FAE Fig 134 U0k 199 @34 OF BAuR, AL Pye
7} 71 BHERD 8% 2AX ] dAwkdoz 2T S AT - L=
zZhe. 78 yehlE 7ol AA 207 73 F 137) FRte = %gsm_ 98 o 2= 9tk

(a) Speed(km/h) comparison (b) MAPE(%) comparison

Speed (km/h)

actual ——existing

<Fig. 7> The comparison of speed and MAPE between algorithms (#01)
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MM

<Table 1> EHFTZ %*é%}ﬂﬁlow ZAFAAYAAY 158 EY AHAga H3 FAEES
ﬁii} A5, MAPEE A4teta vlmst Aaolt), of7|A A = AFZAL E = 7]& $HE P = AjF HHE
S Yehdth Aulad 3 JF FYPETE BN A, I ZARAE 11 ~ 329 kmh, 7]E BHELS 123

~ 21.5 km/h, A+ WHEL 123 ~ 25.6 km/h &
2 834 2AA Yy At HE] B 53
J8)1 A EE 99%, MAPEE 1%2 UERGO
I = STk

2 uebith 293 547 Bkl B SYLES V10
52 02 kmhe] 22 7RI Slee ST o AT
H

A om 7jE HERY £5 Aol L AiE

R Ip

?

>

<Table 1> The result of deviation, accuracy and MAPE (#01)

s Speed(km/h) Deviation(km/h) Accuracy MAPE
A E P E P E P E P

7:00 7:15 23 175 16.1 55 6.9 76% 70% 24% 30%
7:15 7:30 312 19.8 229 114 83 63% 73% 37% 27%
7:30 7:45 15.7 21.5 20.8 5.8 5.1 63% 68% 37% 2%
7:45 8:00 21.8 21.3 21.7 0.5 0.1 98% 100% 2% 0%
8:00 8:15 153 19.1 19.1 3.8 3.8 75% 75% 25% 25%
8:15 8:30 17.7 17.8 153 0.1 24 99% 86% 1% 14%
8:30 8:45 18.7 17.7 18.1 1 0.6 95% 97% 4% 2%
8:45 9:00 16.1 18.8 194 2.7 33 83% 80% 17% 20%
9:00 9:15 12.5 16.7 154 42 29 66% 7% 34% 23%
9:15 9:30 11 145 13.1 35 2.1 68% 81% 32% 19%
9:30 9:45 112 13 123 1.8 1.1 84% 90% 16% 10%
9:45 10:00 17.3 155 17.3 1.8 0 90% 100% 10% 0%
10:00 10:15 114 154 16.6 4 52 65% 54% 35% 46%
10:15 10:30 184 134 15 5 34 73% 82% 27% 18%
10:30 10:45 104 134 14.8 3 44 1% 58% 29% 2%
10:45 11:00 13 132 153 02 23 98% 82% 2% 18%
11:00 11:15 15.6 12.3 139 33 1.7 79% 89% 21% 11%
11:15 11:30 329 183 23.1 14.6 9.8 56% 70% 44% 30%
11:30 11:45 217 17.6 252 4.1 35 81% 84% 19% 16%
11:45 12:00 23.1 19.7 25.6 34 25 85% 89% 15% 11%

Total 179 16.8 18.1 1.1 0.2 94% 99% 6% 1%
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<Fig. 8> The comparison of speed and MAPE between algorithms (#02)
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<Table 2> The result of deviation, accuracy and MAPE (#02)

Time Speed(km/h) Deviation(km/h) Accuracy MAPE
A E P E P E P E P

7:00 7:15 20 23.7 20.3 3.7 0.3 82% 99% 19% 2%
7:15 7:30 13.8 222 189 84 5.1 39% 63% 61% 37%
7:30 7:45 17.2 20.7 17.3 35 0.1 80% 99% 20% 1%
7:45 8:00 153 20 17.6 4.7 23 69% 85% 31% 15%
8:00 8:15 16.8 19.3 17.3 2.5 0.5 85% 97% 15% 3%
8:15 8:30 12.8 17.3 14.2 4.5 1.4 65% 89% 35% 11%
8:30 8:45 15.1 16.8 15.5 1.7 0.4 89% 97% 11% 3%
8:45 9:00 8.1 159 13.8 7.8 5.7 4% 30% 96% 70%
9:00 9:15 6.6 15.1 12.7 8.5 6.1 0% 8% 100% 92%
9:15 9:30 14.3 15.5 14.4 12 0.1 92% 99% 8% 1%
9:30 9:45 132 15 13.8 1.8 0.6 86% 95% 14% 5%
9:45 10:00 12.8 14.3 133 L5 0.5 88% 96% 12% 4%
10:00 10:15 5.9 12.6 10.2 6.7 4.3 0% 27% 100% 73%
10:15 10:30 83 11.9 103 3.6 2 57% 76% 43% 24%
10:30 10:45 10 11 9.8 1 0.2 90% 98% 10% 2%
10:45 11:00 18.8 15.2 18.9 3.6 0.1 81% 99% 19% 1%
11:00 11:15 235 18.6 232 49 0.3 79% 99% 21% 1%
11:15 11:30 27.5 18.2 18 9.3 9.5 66% 65% 34% 35%
11:30 11:45 16.9 18 17.5 1.1 0.6 93% 96% 7% 4%
11:45 12:00 26.3 18 18.1 83 8.2 68% 69% 2% 31%

Total 152 17 15.8 1.8 0.6 88% 96% 12% 4%
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