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ABSTRACT

Identifying the exact train and the type of train boarded by passengers is practically cumbersome.
Previous studies identified the trains boarded by each passenger by matching the Automated Fare
Collection (AFC) data and the train schedule diagram. However, this approach has been shown to
be inefficient as the exact train boarded by a considerable number of passengers cannot be accurately
determined. In this study, we demonstrate that the AFC data - diagram matching technique could not
estimate 28% of the train type selected by passengers using the Seoul Metro line no.9. To obtain
more accurate results, this paper developed a two-step method for estimating the train type boarded
by passengers by applying the AFC data - diagram matching method followed by a mixture
distribution analysis. As a result of the analysis, we derived reasonable express train use/non-use
passenger classification points based on 298 origin-destination pairs that satisfied the verification
criteria of this study.
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<Fig. 1> A case of estimation results of the train type boarded by passengers (Noryangjin — Express Bus Terminal)

FUEe 2Qsts EALERA 570 FAANBREE Falol 8570 BAALEE} Faulo] 8457l
SRANELI} ERFOIYE ERVFREAT 2 5 Ak mebd Fol§5A9 BPALLG} FAu)
olg5Ae] FAANELY B AT BAY 5 Avkw, 2 570 FPARL Fal oD s wed
AFe FEAOE 42T 5 Utk olF BYAWIN FYRERY B PO FojR ¥ ATE

2 PIFTSYUY =N 207, H52(2021H 108)



o
N
29
rlok
%
e

RY
"

oL R
QL
(i

do L Ay
o zo 1y

o LN 1 o [ o

[e5
n:g ]
(e}
RO

FAse e BHOo=E gith o)y
A BE8M W3 tju) A W2, skip-stop WA 22 FREETH(Lee et al., 2018) E A
: Aol ol tiu)d o] ashy|
5 et £ A AF7F FEI] o] FoHT o
2} 53N 7F HA3HKim et al., 2013; Lee et al., 2018; Soo et al., 2006; Sohn, 2007), & <7 53}
Z~3H(Katori et al.,, 2004; Luo et al,, 2012) 5 ZASFZ YT
A F4E 9l wEstEHolH-GAANAE WA AT A FUHA HEFeE AYPHa ok
). Stue B4 tE 27t EX5ke EAEE U ES T OD pairdl Al 5749 B2 &S
4 }% Aol th. Zhu et al.2017), Zhu and Xu(2016)> 49| FYPHZE FH xZQA ATE, H49
A 27 EAEHE Aete] BAAE FItoA A2 AEn&-& 43T Sun and Xu(2012)E= 533
e YHEEAZL d7ARE SO AlEsiete] BAS Fdsiglon, FRE ti7|At 2 EAgFREE0
gt dagsAASE & AFESY oE FIl ARAYHIES =F3%TE 183 Sun and
Schonfeld(2016)= Sun and Xu(2012) GF5 7|8ke 2 Ix}et<5 20| (Fail to Board) & EAS ©% 2HA| 3]
4319tk Othman et al.(2015)2 W 57t=HoJE-EAA AR WA U THES L3190, HA
HAAZFE7E obd Agent Based Model®l] 7]RFeF 722 EAIHE AlEd ol WollA A48 dabe-FAZ
S A g3t Ao A2 ES A B o)A 35t Hong et al.(2016)2 Kusakabe et al.(2010)°1A4 71
33k BAA QAL 71 SA dolH w3t e A8t ARt UES AN 4] AEA
] &S AF=319TE Kim et al.(2015b)2 oS 7|Hlo g 5o AP nx& kS BAaYoh
WEZtEolH- G/ 2R W Ao tE & Ee 2 04%1«1 5243} o] 3P AoA 529
AEE FAsHE AT-olth Kusakabe et al.(2010)-2 ERFEx}o} EF/I wdEA, SEdArt QoA
2 YH e EAEERAS R HeEdAE T AT itk ol EAALE xF, o
o2 A tolEHE YANIIE AN AR wHsETe HS 85t #HE e
13T} Kim et al.(2015a; 2016)2 ©] 23 743} WHES 283t A& Atd 95 4S thide =
FA AT
b s FYANEEE Tl @eda B SYHEE FHs = P w3
ZhE wA e melket = ATE o] 2t} Sun and Xu2012)$} Sun and
Schonfeld(2016)-& 24 < BAZE 52X E AFBSS 53 A2t 5 AEFIAAHE Azt
ByE Hl‘ﬂ StA 4k T3l AlPJE-ZPFF EH T AFFPAG TAHH] LA Tto] of
d SEHQ A8ARHS A8s3th
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AtkTable 2). 3hb= TAAYI 2L ol g3t 549 FAYPNE FAs= AToITh Lee et al.(2017)2
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TYANT S TaginiHE] G2F Hs SHF7HA ] EZHAIZL A2F ti7]AZE AAIRE, ol s AL
AZE, A2 kb ZRENE Tagou7hA o] ERAIZIOR Fejeta, Z4zhe] Algto] S0 FaY )
T TS FHSIU. Zhou et al2015)E 7 ATCERH HEREE YHT F, T FAEREEE 0l
ato] JfQle] o] 8 AR E =AYt Cheng et al.(2019)9] AToA= HlolEl mle]dS Fa3f HIFE
FHZ Je= A4S 793k *714*:4 Ezsg/\m ;_7} EIOATFEEE Yehds e #klst

o

@, 4410 SRl B ofm Hza

= L
TS o] &dt] FHYEHE H“?T}E o0& ke vldele e mAldyd 7IHE A&ste Zlolth
Hong et al.(2017)2 Tag-in, Tag-out FH o} AANZEE wHsle] $o] SPAIHOZHE {'_:' o] &A%t

o 2R3 o ZHEMS HLsle] EFuYe S o
g Bt $ASY BN ATl YA

S Fuzzy matchingS F3l FA3 PHEEL AQ

oox
ol
o
o
)

<Table 1> Literature review : AFC data - diagram matching method

Author Purpose Walking time Location Sample size Remarks
Zhu et al.(2017) |Path Choice Analysis deterministic Shanghai 57 -
Zhu and Xu(2016) |Path Choice Analysis deterministic Shanghai 150 -
Sun and Xu(2012) |Path Choice Analysis stochastic Beijing - Segmenting the travel
process
Sun and Xu(2016) |Path Choice Analysis stochastic Beijing 3,760 -
. Singapore MRT
Othman et al.(2015) Col:lat::lsti((:)}rioizal&sis stochastic Singapore - simulation based on
g 4 Agent-Based Model
Hong et al.(2015) |Path Choice Analysis stochastic Seoul 47,618,710
Kim et al.(2015) |Path Choice Analysis stochastic Seoul 1,898,397
Kusakabe et al.2010)| [n Type Choice - Osaka 662,419
Analysis .
Clustering
. Train Type Choice Seoul metro
Kim et al.2015) Analysis - No.O 86,518
. Train Type Choice Seoul metro
Kim et al.(2016) Analysis - No.9 411,032
<Table 2> Literature review : travel time distribution analysis
Author Purpose Location | Sample size Methodology
Lee et al.(2017) Travel Behavior Analysis | Shenzhen | 15,466,305 Travel time decomposition,
Zhou et al.(2015) Path Choice Analysis Shanghai 10,000 Travel time decomposition, probability model
Cheng et al(2019) Path Choice Analysis Chengdu | 31,714,394 Data mining, mixture probability model
Hong et al.(2017) Traffic Assignment Shanghai - Travel time decomposition, clustering
Wu et al.(2019) Path Choice Analysis Beijing - Clustering, fuzzy matching algorithm
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A7} e EAET. e £ A7 BolF
© Fa olg/mlolg ofRo] A, K} HEo|
AT A E SYAWI EFRERY B o] wEIl=do]
F 92 Aoz A #edAE F4L A% & A7 3}

%ﬂcﬂlOlEiE 5o £5] U5 YHEAAE FED T, 2 240] YAAZHAA o)
Hol @48 4 At GAE AANZE A PASE PP Fal 141 0R S5AAE FA4

@ TP EFEERY 4
Z} OD paire| FHPAHEEE FHLSAHET, Express Train) ©]§ 542 SPA|ZHEZ o} FPL X} H|o]
£ 7 (YHFDRKLT, Local Train)§F o] 83 )9 BEA MR %y} &35 B2z /M8, 33949
zp o] gymlo]g s FHANNEEE e, vBLA ol yHlolg 4 &/ Ve A

@ TN T
57;“7%] 7—]%‘] g.; e

@ TYA7IN EFEERY 24

ez al

1 FHOR Y

=
@ 4 9t AAE SPAZEAA BAHE POl o PALS) 7]
s

o
2t} 3k <74 0] Station Ao Y3+ 3 Station ColA HAS
2+

=

[BBAZ + YREHAIZH o] Fo Station AT S8k [HHAZ - EAEHAIZH o] H el Station Coll =
& gato|th. ¢ A9 ®e7sdAE Train20]th

Tag-out Tag out
Train1 TrainZT Train3 Traind Train5 Tra|n6

Station C / //
Station B Station B ///

Station C

Station A T Station A
Tag-in Tag-in
<Fig. 2-1> AFC data - diagram matching(case1) <Fig. 2-2> AFC data - diagram matching(case?)
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Y e 5540 He7be @At EAskE sA 0] TS (Fig. 2-2), ©] A 2A HsEAE 54
T Ut AL EA%T g9sEatE S4s5k] s AAATF] AS s AYARHE H A4
& F7F871% shal(Kusakabe et al,, 2010), YEZAIZFo] vl 54712 3 skste] Hodat
FAs = SFHATHKim et al,, 2015a; Kim et al., 2016). L83 7o} #3138k A HFo] E7ls3)
S G57bs g FAAAAA AA GsIApt FHE ThsAo] EAdTE dAE Ttk

R pot pot
o
rlr
N
N
o2l

B AdTe AV 71240 el g 7HEe A88hA a3k

O <AL 8949 W dopgFe s FPsHA F=th

@ AL AgYH] FeTHE hA Btk dE 0] AR FHAHol BF SRR A5
FH-Ld-FY 22 AsFYS A devt

@ e Tl FHL 018 AFF, AL DA o] At HadtEHE HolA AT

thold Aol FYA 2L dF qrt F

ol Fksk) Mo, QEge] FART o et FAol
Jo] Aolslth o & o dEFYE =T o] A& 4 % Qo] FHL 0] 83 4 Q= Wk,
o o .

__?_
ANb-HF -k A} o) 8o S Ao Frt. webA <Table 3>

<Table 3> Data classification and express train use characteristic by OD type

OD type ‘ - .
Express train use characteristic conceptual diagram

O station D station

Y Y . . -
No transfe d

(ET stop) (ET non-stop) o er require o, 3
Y N ET - LT transfer required 9 Transfer D
N Y LT - ET transfer required O  Transfer D
N N ET - LT - ET transfer required O Transferl Transfer2 D

note : ET=Express Train / LT=Local Train

YA EYRERY B4 AL B 0D pair® FASE S0 FYAGEEI FY o] §yulol &
2 FYAGe] THE R HOE YR, FFFEREE 2E5e] 4 S0 FYARE | §AL
382 BASHE WPEol

3 ODelA B0 TR Rst EAY W, EYFFREES A0l 7 A2 o §FES BHsHE Wy
& MYATIAE 45 o Th(Sun and Xu, 2012; Cheng et al, 2019) A AT] 4$ EHATHL 5
IHRE(ERAZY BIARE 5) R 7 B3 AR A, %, o8 oA A%
S WAoE AR FYANEEE 4FUT WY B ATE 94 FAAGEEZNE EMILYEL
Ea) 39 olg/ilo] 8 £ BYAEEES AFATHE Aolo] Ytk ABATE FY MY HL T
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SUAZE 7|E EREETY BAS S5 TAEE &2 Y E©S ofF F:H oF
Jo @rhe doly w@ EATTh
A1) 54 OD pairg Tt 249 TR e EFSEREIRY T
2
fOD(x) — Zﬂ— OD($|(_)k) ............................................................................................................ )
k=1
where,
O : origin station
D : Destination station
k : groups according to the type of train on board(l = express, 2 = local)
m, : probability that the & group is selected
“P(1]0,) : mixture probability density function of travel time at a given OD pair conditional
on the group k
©, : parameter space for the A group
FYANLEE ERAERIRYOR Yeh)y] U8 AFF RERFPS Rslol I FurEe 9
O ERE, RIARTEE, AT E, AHEEE A4S Y EEEETE ERAERERTS AL T,
7 239 APEE PHSHAL <Table 4> FHLELEC] PDFSE B5E LrER Zlolth
<Table 4> Distributions and parameter of distributions
Distribution Weibull Lognormal Normal Gamma
1 1 B
K Yk—1 (/N 1 —— (ny—p) 1 —5(y—n) o o
PDF _(_) e — ¢ 20 e 20 ya le By
A A Yo/ 2w o 2m Ia)
Parameter k, A U, o W, o a, 3
THEIES RS AT 98 EM(Expectation—Mamrmzatlon)%l’ &L o] &35tk EM &g &2
71905k Hhgt daglFoln, BSHA e AAMT oEste FERFAA HArbs =y HUASgE
2 e mao] FARE FE WEAQ HHL FYSE %ma%olc}. Z Adbes 342 B3 B39
tlolefol] &gk 29 B4E Fse WY ECITh EM €185 E Step?] FAT, M Step?! i}
WAZ ol Fol4 ULk B SiepS FATAR 7 BEHOZRE 2 FERT) WS Y FERES FH
TAo] ™, M Step T3 DA E E stepoll Al +4H SE@E ol 8t EALERY U 74 FEEE
o HAribsEgel vl St BERLY BLE 2HHE WOl 9F £ EL BED WA &
HhE Z=sEch olge] 2(2)= EM %ﬂﬂ%% 202 yehd Aol
wllogZL(0;X,2)] = Y.p(Z1X,6")10gL(6; X, 2)
zZ
............................................................................................. (2)

agze
Qo10") =
7

[Estep]
[Mstep) pi+D = argmaz Q0 16")
0
the maximum likelihood estimate of the unknown parameters is determined by

Z
0 :
number of trials

where,
: observed data
latent variable
a vector of unknown parameters
t:
L(6;X, Z) i
The Journal of The Korea Institute of Intelligent Transport Systems

maximizing the marginal likelihood of the observed data
expected value of the log likelihood function of 6
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FHEXRYPY BFE FAHo] ARHA P ARY TxE Aol ok A R AMeEe
AIC(Akaike Information Criterion)& 7]+ 2.2 3} Th AICE Kullback-Leibler(KL) divergence2k —t;'xE_'E el o

& FAA oM, AR HoHEZRE A B2 TARYoZRE APH 329 Ao
o AIC7} A&45 A Y02 AHE & k. wEkA, OD paird 2 AICY}F 71 &
£2 MASHAT, A OD pairel A ATEE M 7} 1Y B FHEES A AR 44
ARE A AGREEES o] &st] FHARNEES TFFERERY
HFH R Ed EHFERERS =
S FYANNEELY dHE A= F, o] F 7 7IEA

S

ofh
flo

(]
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QL
&

2 9830 UL oIBMIE SAE 2E

OD pair'd FYPAMEE 23 Ao AREE AH 24T o e B volE7t SAsHA] 7] b+
o, AZHA HRor SR EERERF 4 Ao dEHES ASENT A #AE,
K-S(Kolmogorov- Sminorov) A4S 35 K-S AL Foj7 ZTEEIE9 o] o2 7 H= EXE9
FAEE DY W AST F A PHolTh BEREY FHREN o2 o JHt BEo a5
B9 HAYANE AYFAFOE A3, oF ARIPES AU 2T AT A o] §UT 4B EE
X9 FAGEH o|BEEY FAHLE 1| AgE FHOE YE Aeltt

D:sup|E)(x) _Fn(l.)| .......................................................................................................... (3)
where,
S : maximum distance between the cumulative sample distribution and the hypothesized cumulative

distribution
F,(z) : cumulative sample distribution
F (z) : cumulative hypothesized distribution

n

FHAR, A2 R V1SS 9 g A HAa TS vwstdt FYLAE o8 T
T, kAt Ao FRAGEG e TS o (o mebd FYLA o] gymlol s A BF VIEH Akt
o] 2§ OD pair®] YRIEA}F HA FPANRT ZA AH2EHW, PR} Blo]§o] Erlsd 47 $A4S |

VA Dol §22 B S AR M $AAAZ DA U

AR, SEAEEOIE - AAAZE S ol HEAEL WD volHE BF 1EY Nzos A
BRI} HHE(Accuracy) & AHESIGT o) B B3l FYAWN SHLEREY B4 A3t Felg e Bt
shsict.

B A7 AT MeAsE 954l 2@ AR~ RE ) TR 307 (FR AR 127H)°]
o HES AFsh] Y8 283 vlolHE 20179 11€ 22% 78U 954 ©]§ 549 AutEFIE flo]
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s E3olElE AAs|ok B, of
]

9 s FYATI] AU dof Hed gi}% = wj o}, o] F 98] 2rhEs}E ol
E% §a 72 OD paire] 2 57 SHAS 423 5, 284w Aelsto] TAZ2 YR, 1 2
.1

7, <Fig. 4>9} o] SNt A9 97.5%01749] tﬂ oJH (I 2E8FH)E FYAZIC] B HolHEY F43
F7¥shs WA dlolH 2 ATEHAT old £ ATl s YA FH 97.5% o1 HolEE A3
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<Fig. 4> A case of travel time plot in ascending order (Gimpo Intl Airport - Gayang(left), Gimpo Int’l Airport — Sports

Complex(right))

N
Bl
fr

>
=
[t
X

n

G4 Z dlolEof] 2tA 20179 118 22¥ 9 AAEE L8390 59« gyt i) &
2 ¢F 1112, wjA}34 T2 <Table 5>} Zth

<Table 5> Train operation schedule of Seoul Metro Line 9

. . . Train Frequency(times) Train Interval .
T tion T i ET : LT Rati
rain Types Operation Time Up Trai Down Trai ( ound) 0
Express Train 119 123 10min
Local Train 05:30-25:00 132 132 9min L: 10
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1}

wE7t=H el - dAAGEEo|EHE AT AAE AT A <Table 6>F 2ot WA ¢4 F
23.5%7} LRtk o] &35t B (Yuk>1, F3=0), 483% = FHLAE o] g3to(Yut=0, FH>1) F
gt 202 YEITE ©, o] 8-S 98l 13] o4 S5l okshs OD paird] 7§ ¢xtgaist o] 85 &
3Jo] 33.5~90.1%, FHLA}ZE o] &3 E3Po] 49~289% = UutAx}7} o] &3 E3Po] v Lo] ¥ Ett} I
gs7bsdAtE gk XY E=0, 538=0) s4°] 02% EAF e, ol wEItEHolH Y oF &
RHej&s ol on) o] oz Ty FAb Hodh dF A0 ZHE 7 ZoE Rl

wEZtEdolH - GAAAREE WA ARE JEALGT AEE BASAh o] o Sz Age A
A A ALt obd dzt FHHAAFE ugit) ol TAEES TP 8- A} of
d A5l s wol whg But ohygh, JEA FAAAA Sl et U OD paird] A9 FHE
7Vest7] wWEolth dE B9 JEAY 2E F
&) o] 8ol BrbEsith =g F3 o]8o] 7h
5% OD pairo|tlets G Ga7 YRtEAE FYstA] X8l FdDAF o] 84 FHPAIEe] FHEAL Hlo &
Al BYATNEG DAY 2g e R SsEdolng dntdAtt o) 8 JHEsith

o [

<Table 6> AFC data - diagram matching result (by OD type)

OD types Number of available trains
Number of LT>1, ET=0 LT=0, ET>1 IT>1 LT=0
olp passengers | LT=1 LT>2 LT=0 LT=0 ET ; 1 ET=0

ET= ET=0 ET=1 ET>2 -

Y | Y | 230569 3.7% 0.0% 3.8% 61.9% 10.2% 72.1% 24.0% 0.1%
Y | N 95,838 29.6% 3.9% 33.5% 19.7% 2.6% 22.3% 44.1% 0.2%
N | Y 98,612 40.9% 2.1% 43.0% 27.3% 1.5% 28.9% 27.6% 0.5%
N | N 24817 84.6% 5.5% 90.1% 4.5% 0.4% 4.9% 49% 0.2%
Total 449,836 21.8% 1.6% 23.5% 42.2% 6.1% 48.3% 28.0% 0.2%

<Table 7> YEFGL A ByAstolth AHANAT A7t Z718,E dutdA) gin] 33 E Ao
AZE Ao Fkekr] Wi, FYEAl vlo] g o] nl&e
239 B8-S Z7H21.0962%)5t AS & & Qlok

FEAEolE - GAAZLE Bf AfelA] FAT AL, oF 28%9) S HEbsARF] B
(=1, FY=DTE 2, F FPLA ol §Mlolg FHol BF bssl §EUAFE ¢ Yok Aol
VAL AR B, AL D A GEF5IAF Bl B vgo] Tha %ok
T FPRAAS 102 9 30%), YHFEL AL} A B FETFLAFl Bl B vl g &
ChRIEAEE R 19 0 24% B, AHIGT FHIAG57} 02 A 19 Dol w3 u)go]
wed, YRS F skt oldol ol FYMALolRA YEFHL FYHALS7} 09 OD pair] 574
o UL ol8F 4 glof YnART ol g7k wolk

SEACHOE - QANZE v el BAS neks] S8,

Ao ME OD paird S A HE
fe=]
=

Age & T e 28% A4
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<Table 7> AFC data - diagram matching result (by OD distance)

Number of available Train
Distance Number of LT>1, ET=0 LT=0, ET>1 L1 .
passengers | - 7=1 LT>2 LT=0 LT=0 ET>1 ET=0

ET=0 ET=0 ET=1 ET>2

0 107,012 553% 5.6% 60.9% 19.8% 1.3% 21.0% 17.8% 0.2%
1 96,929 24.4% 0.5% 24.9% 29.7% 2.8% 32.5% 42.4% 0.2%
2 80,382 11.8% 0.4% 12.2% 452% 6.1% 51.3% 36.3% 0.2%
3 53,317 6.7% 0.4% 7.1% 53.5% 8.2% 61.6% 31.1% 0.2%
4 37,521 49% 0.3% 52% 61.2% 9.7% 70.8% 23.8% 0.2%
5 28,153 1.5% 0.1% 1.7% 65.5% 112% 76.7% 21.4% 0.2%
6 21,214 0.5% 0.0% 0.5% 71.3% 15.6% 86.9% 12.3% 0.3%
7 11,537 0.2% 0.0% 0.2% 72.4% 14.4% 86.8% 12.7% 0.3%
8 6,591 0.1% 0.0% 0.1% 74.8% 15.8% 90.6% 8.9% 0.3%
9 3,966 0.0% 0.0% 0.0% 71.0% 19.3% 90.3% 92% 0.5%
10 2,772 0.0% 0.0% 0.0% 75.0% 21.4% 96.5% 3.0% 0.6%
11 442 0.0% 0.0% 0.0% 75.6% 20.6% 96.2% 3.6% 0.2%
Al 449,836 21.8% 1.6% 23.5% 422% 6.1% 48.3% 28.0% 0.2%

note : Distance means the number of ET stop station between O-D

EYA 770 &3

A H¥ olge] E7Fs
0

AU 74 o] gol

O X
o
H 2] A2l OD pairg EAH A A sttt =gt %3547} 30 ©]3k?] OD pairg LA T/l A A &fst
AT EEO] 3070 ©lstd A% EM €aglES A8 & gl7] "Eoltt. ol ¥ 870702] OD pairg 44571
7 EAHR o2 AAEATKTable 8).
<Table 8> Summary of subject OD pairs of mixture distribution analysis
. OD types . Express train stop(O-D)
Distance Distance
Y-Y Y-N N-Y N-N Y-Y Y-N N-Y N-N
0 21(22) 0(35) 0(35) 0(20) 6 10(10) 13(16) 13(16) 7(30)
1 20(20) 3(31) 4(31) 0(58) 7 8(8) 12(13) 12(13) 6(20)
2 17(18) 17(28) 17(28) 0(46) 8 6(6) 11(11) 11(11) 7(14)
3 16(16) 24(25) 23(25) 1(38) 9 4(4) 7(8) 8(8) 5(10)
4 14(14) 22(23) 21(23) 7(34) 10 2(2) 5(5) 4(5) 12)
5 12(12) 19(20) 19(20) 14(34) 11 - 1(1) 1(1) -
Total - 445(870) 130(132) | 134(216) | 133(216) 48(306)

Note : Total number of OD pairs in ()

o

REIQ Yo|BERE, 2IHTEE,

AEE, ArHEERRE AAE OD paird FHAHEE

PN
B
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SHAIZHJu BHEEDE EAZ S5 CANE a0 FH H2 off FH o7

£ EM¥1eES B8l F4ta, A2 E A7) Asl AIC#kS A=EstAth EM €8s 78 Al &
AR ZZ 9] “mixR” packageol] W4 FrE ©]-§3tATE 121l OD pair'  AIC©] 7HE W &2

Ay A4 Nes FREXRIIRE 3 otk 1
A3} 2OAFFEEZ7F AA 4457 OD pair 5 34770(78%) N A 718 23 £E2l Aoz Jehy, T3
BEE 7P Ada RY5E & v HY AFREE A4

<Table 9> The number of best-fit OD pairs obtained form the distribution model

Distribution Weibull Lognormal Normal Gamma Total
No. of best-fit OD 0(0%) 347(78%) 87(20%) 112%) 445(100%)
ool 2t 4 HFOD pair] 4 THADELEE SHFZIAAYTEEE L3k, 53 Lat o]8 o4 &
3 FHEA ol g £ Ex2o wie AEdAT <Fig. 5> AFH(0)-TAHAD)E T A=
o] FHAS EZE e Aot AL Aol AAE EF2IAATRENH, LA} o] & 4SS F
PABREIR S FHD vo)§ SAS) FANTHRZ(EZA) P 1 AU 0T P 9l
th 2 ATl ME o] WU FYLUR ol g 54 BF /FHOE Holdt

[|Minimum in-vehicle
time of local train

[l \ M Classification point

Use Non-use
express train express train
I O 5 1

0.0000-

1000 1500 2000 2500 3000 3500
Travel Time

<Fig. 5> Mixture distribution analysis concept(a case of Eonju - Dangsan)

4. SHAZE7|E

rlok

ROy By A5
SAZIAFEEE 2Y3S FHA
K-S(Kolmogorov-Sminorov) A& 4 : 0.
7€} OD pair 5 270¢] OD7} A gstA] @42 Ao = Yyttt
S OD paird YWHEA HA WA B 712H S vl A T 557] OD paire] &7 71E4 0] 3|
Z OD pair®] Y¥rgal HA APWATEDT g2 AoE Jeh, FA3 Hog BAH
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ESiA|ZF 7| HE

o M2 i

rol

HREDH 2MS S CAET 340 3Y BHS ofF 3H 67

Ao B wEItEHolH - AAAAE WS Tl BeEAETS 9o HolHE £) VIEH Ve
O & AEF3I B E(Accuracy)E A=A o] Wl EAHAOD pair & K-SAA 2 &R/ 71EH ] £
3l 577] OD paire] HoJES A28l 38870 OD pairell A H5EatEo] wotd 18121958 HolHE &

239tk 1 A3 AA A== 814%, A=t 80% o144l AZEI OD pairs 298712 AEFHATH
(Table 10).

<Table 10> Result of mixture distribution analysis

N?n_SUbJE?Ct ,OD, pats frot.n Subject OD pairs from mixture distribution analysis
el mixture distribution analysis
ot
Catego . ificati
£ Jop pais| Under 30 | Only LT Sh.orter clas.mﬁcat}on Under Accuracy | Over Accuracy
assengers | available K-S test unfit |point than in-vehicle 80% 80%
P g time of LT ? ’
Num. of g7 9% 329 2 55 90 298
OD pairs
Num. of 449,836 1,518 129,681 15,514 36,517 61,114 205,492
passengers
5. SARZP|H ERIRERY BA HNE S 2A FH
oA HeolHY AAT-1EE S wEtEHOlH - XAGE WY A3 595% <42 HeTbed
AFo] B9l 0D pairolth, FHANREL B4 A% A% KSAYH BRAEY AP 4L BEH

A= 90.1% 2 E2 = A TKTable 11).

<Table 11> Boarding train estimation result (before reclassification)

AFC Data - diagram matching result Mlxn.lre dlStI‘.lbutlon
. Number of analysis anlysis result
0) D OD type | Distance
passengers | LT>1, | LT=0, | LT>1, LT=0, | classification A
ET=0 | ET>1 | ET>1 | ET=0 point couracy
jeon- | Exp. B
Seonjeon-| Exp. Bus| 1 1465 | 05% | 401% | 595% | 00% | 9555sec 90.1%
neung | Terminal

E7l=dolH IR mH A gsrlsdxiEo) B
Fotdoh 1 A 871%F & wdol&FH o] 3185, FHH ]85 5
o2 MAAT-I&EHME ¢4 F 61.8%7F 5S o] &3t TS A=, 382%7}

ARt At grgste] T8I Aoz FHEUTH(Table 12).

<Table 12> A case of boarding train estimation result (after reclassification)

. . Boarding train type
Reclassification Total trips
ET use ET non-use unknown
Before Reclassification 587(40.1%) 7(0.5%) 871(59.5%)
— 1,465(100.0%)
After Reclassification 905(61.8%) 560(38.2%) -
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<Table 13> Comparison of mixture distribution analysis results by OD distance (the case of Bongeunsa station)

OD pair Bongeunsa - Seonjeongneung Bongeunsa - Noryangjin Bongeunsa - Gimpo Int’l Airport

Distance 0 4 9
Shorter classification point than
in-vehicle time of LT

Accuracy 612% 88.2%

Graph
ik I L S |
<Table 14> OD pairs over 80% accuracy 100%
80%
Dist. OD types Dist. OD types s
Y-Y | YN | NY | NN YY | YN | NY | NN 60%
0 | 621 - - - 6 | 6(10) | 12(13) | 9(13) | 7(7) 0% /
1| 920) | 23) | 20 - 7 | 4©®) | 1112) | 10(12) | 5(6) 20%
2 | 117 | 127 | 7(17) - 8 | 26 | 70D | 9y | 507 0%
012 3 45 6 7 8 9101
3 | 12316) | 2324) | 9(23) | O(1) 9 14 | 4D | 4 | 505) Distance
4 | 12014) | 2122) | 142D | O7) | 10 | 0Q) 15) | 405) 1(1) oYY ¥ N e NY NN
5 | 8(12) | 19(19) | 15(19) | 8(14) | 11 - 0(1) 1(1) - . .
Total - 298(445) 71(130) | 112134) | 84(133) | 3148) | <Fig. 6> Rate of OD pairs over
Note : Total number of OD pairs for mixture distribution analysis in ( ) 80% accuracy

ODAelel e BN EFRTRY 24 date] Felge YR FYYR ol et Aolat
3 YAl (-1 A% ABFAL FRHAGLT} 42 o) B

JOD pair 147] 5 1170, 85.7%), 1013} & 7014 wl+= 50% ©]

570D pair Hl&°] 74 = d
59 W EZEA oD 1971 F 1970, 100%) 550D pairs Hl-&

Sk [YNIE Qe S84
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