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ABSTRACT

Smart card data is widely used in the public transportation field. Despite the inevitability of
various errors occur during the data collection and storage; however, smart card data errors have not
been extensively studied. This paper investigates inherent errors in boarding and alighting station
information in smart card data. A comparison smart card data and bus boarding and alighting survey
data for the same time frame shows that boarding station names differ by 6.2% between the two
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data sets. This indicates that the error rate of smart card data is 6.2% in terms of boarding station
information, given that bus boarding and alighting survey data can be considered as ground truth.
This paper propose 6-step algorithm for correcting errors in smart card boarding station information,
linking them to corresponding information in Bus Information System(BIS) Data. Comparing BIS
data and bus boarding and alighting survey data for the same time frame reveals that boarding station
names correspond by 98.3% between the two data sets, indicating that BIS data can be used as
reliable reference for ground truth. To evaluate its performance, applying the 6-step algorithm
proposed in this paper to smart card data set shows that the error rate of boarding station information
is reduced from 6.2% to 1.0%, resulting in a 5.2%p improvement in the accuracy of smart card data.
It is expected that the proposed algorithm will enhance the process of adjusting bus routes and
making decisions related to public transportation infrastructure investments.

Key words : Smart Card Data, Bus Information System, Correcting Error algorithm, Jeju
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<Fig. 2> The location of Jeju International Airport and Daho Village
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<Table 1> The error amount of smart card data in Jeju for each type of errors

Division Type of Errors Percent
Boarding Information 0%
Missing Data Error T -
Alighting Infromation 34%
Count of Passengers = 0 0%
350 < Basic Rate of Bus Fare < 1,150 0.0002%
Count of Transfers > 3 0%
Expected Value Error - —
Unexpected Value in User Identification Code 0%
Transfer Time < 0 0.0002%
Total trip distance = 0 0.01%
Boarding Station = Alighting Station 33%
) Alighting Time < Boarding Time 0.00003%
Logical Error — - - -
|Alighting Time - Boarding Time| > 3 hours 0.03%
Boarding Date # Alighting Date 0.000014%
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<Table 2> Comparison between bus boarding and alighting survey data and smart card data(Route 312)

Veh. Reg. | Bus Boarding and Alighting Survey Data Smart Card Data )
Route Consistent
Num. Time Boarding Station Name Time Boarding Station Name

17:18 Halla Hospital 17:17:36 Grace Hotel No
17:18 Halla Hospital 17:17:39 Grace Hotel No
17:18 Halla Hospital 17:17:41 Grace Hotel No

312 3684 17:18 Halla Hospital 17:17:43 Grace Hotel No
17:18 Halla Hospital 17:17:47 Grace Hotel No
17:18 Halla Hospital 17:17:48 Grace Hotel No
17:20 Grace Hotel 17:20:08 Grace Hotel Yes
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<Table 3> The result of comparison between bus boarding and alighting survey and smart card data

Frequency Percent
Consistent 739 89.3%
Different Boarding Station Name 51 6.2%
Inconsistent 88 10.7%
No data in Smart Card Data 37 4.5%
Total 827 100%

V. REAE AFA AR 0F 24 IwF

TEAE HolHol EASHE FohA AFF Au 2Rol T BA WO Tl ARAelH FE
of S Y WAYRA2DE %}%s}z A @k WA BAAY dolHE JEH 0 30k HA0E
229] 912 Aok SN SMEHRY B, S A 242 A, £ Mr -&6 2 57}
@ A 72 Holet AaE 9:101 Hao] A%
oIk, T8 el T BFE HASIALA B AN Holele] 1% g

& Hasiol AT 5 G0, MAARALGE T A BE olF HAHEALR dolele] W &
B Az A% AR ARl ANE WEE S AT AR OF B4 SIS AkSLA Bk

o >

1. HASSHAIZAL At2Q| MR HATEA|AH H|0[EQ HFE A2 Hln

WA RA 2~ O] &8 THe S Fotstuat MassiatzAL ARt A RA2E HolHE Hwshe
th FAHOREE FYUT AU 5Y A MagsAzA A Ul SAEFAEY A9 g WA
ARA2E W AR AR €4 2 3G AEAE A9, A 2F7IE dolE e} Hla Al &8
H HagsazA AR E FYsH AMESIATE &, 7 7] =4 103] 233651 43] 23, 3519 23] &
8, 3429 13] &3, 3129 23] &3, 3119 13] &), A 271 =M 33] 3655 13] &3, 415% 23] &
S Yo R 9, F A0 27459 $AAFA FHol g vwrt o]FoFH Tk BluE &) M2
JHEA| 28 HlolE oA FFE =2 FEEVENT_CD7} 17%] B-H)E FE38k] Bk

W2ga a2 AL k2] A7 R WA BA2~H HolHe SAARRA HRE HAAHOE v
g A3E AelStH <Table 4>} 2T HaFeAt2ALE Sall T31E F 827989 AR/ ARI7F A
BA2E HolH Af AFA FH} XS B9 983%2 UERSTE ol A 31 wEIlE flo]
Hol SAAFA AR A& 89.3% tiv] v]§- =& FFo|th ki HAHRAAE dolHe AH A
FA ARE oF B2Ad &&sty|d FEst BTy AA vl g 1.7% sgshkes ?Z}J
o] FAEFA ARE Hag3ARA A E FHEJAAT, G BA2E HolEds EA8HA] &
o2 Ueiyth 7ed EAE HAARAZE dHolH7E $EA U AY AREHA ol rEE Ao
getE)

rlr rjz
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<Table 4> The result of comparison between bus boarding and alighting survey and bus information system data

Frequency Percent

Consistent 813 98.3%

Inconsistent ‘ No data in Bus Information System data 14 1.7%
Total 827 100%
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(1 ] Validation of Bus Information Sustem(BlS]

a‘ Extraction of Boarding and Alighting Information from BIS Data ‘

‘ Merging BIS Data with Smart Card Data ‘

o |
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i for i ing Information for Adjusting Alighting Information

°’ Sorting BIS Data and Smart Card Data by Car Number and Time ‘
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‘ Replacing with Bus Information Sustem(BIS) ‘

<Fig. 4> Error correction algorithm
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B R AN AEE S JFY AR OF B4 FuelE S <Table 204 2
doleo] 488 ¥, oF 04 o¥E SAYRAL UL ARYTh <Table > =ANE

FNE 36840 W29 MAFHAEA A WEE dolee] FAHYFY YR UK RS M
<Table 2>0] ¥ =AM AN 0F B SAE A§ AANE F/4 Aolth. 0T B 0F 14
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<Table 5> The results of boarding station name error correction(Route 312)

Bus Boarding and Alighting Smart Card Data
Survey Data
Route Car i i Consistent Error
No. Boarding Station Boarding e Correction
Time Name Time Station Name Station Name
(Before Correction) | (After Correction)
17:18 Halla Hospital 17:17:36 Grace Hotel Halla Hospital No Yes
17:18 Halla Hospital 17:17:39 Grace Hotel Halla Hospital No Yes
17:18 Halla Hospital 17:17:41 Grace Hotel Halla Hospital No Yes
312 3684 17:18 Halla Hospital 17:17:43 Grace Hotel Halla Hospital No Yes
17:18 Halla Hospital 17:17:47 Grace Hotel Halla Hospital No Yes
17:18 Halla Hospital 17:17:48 Grace Hotel Halla Hospital No Yes
17:20 Grace Hotel 17:20:08 Grace Hotel Grace Hotel Yes -

TAHOEZE AT 3120, AT 3684 HAagaatzA AR e e A RAdelA 69 ol
A Ao 2 YERFARE wE7tE HolEdd e g saidldo] T8ol~ ' ARG Fakdt AL
2 714 AR SAAFAE HAARA2E HolHe FY Aztdlel §Y AFe A/ A5 A
BE Faf ghepd AR AR s, wE7tE tolH e A {7 A K (<Table 5>«l LFRA
AE 2LFE B F HaHGRBA2E Hlo|E 74% AHA A H(<Table 5>9] LFRA 32 WA

OF 1B

4 A dgols 3Hlo] BAY F I ACRE HAH FES WA RA2E HolH
of g Azke]l FLI AFe] AFA Aot

UA WFILE HlolH AR 27/ AEEA xﬂ*lﬂ AF=ATE AFAl o ARFA] davs A
02 JAE AL AN B =RoA AN nEIE oA A AR 08 B SueEe 43
A7 QFHV oA BAH Ao L}E}wu} AT 3659, AT 70028 HaF3ARA AR E
AF=ATE A7 f“—x} 19o] 239, AF=AFd o AFAQ tdarks A/ Sa1de] 0ol

, OF B A7 SAR1Y 23 ”391 AR [ dEnks AFRAANA AFHATT BFRACE BALNU
3, HAaFattRAL 259 AR R} YX5e A0 R UET
2. 1Sl MR MR 2F A ME 2F2 H|n

B =EAAA AN BEIE Sk AR AR OF B dugFe] A Wrkeh] A8l oF A
Ao Ot SR/RES SAAFAES THLE HWFY <Table 6> o] AAFAULE oF BA A
<Table 3>oﬂH HES SR 82789 L/F&o)I &F BA T= FYS volHY oF BA duF

A A, E.%?}E A AR AR 2R/RE T AA 780l EA A 107%04 B F 55%=
3 20 YERTh aE7tE HolH £ - A A oM e 224 - B4 8119 FhEARS] A4t A
LA HolH rEte Al9jsta, wE7tE S AR AH oF HA dads
AR QFE 62%904 1L0%R 52%p AT s FRIEATh
uEF B A $7F SRR A o fE e R B A, F of I &
vetstr] sl FholAly dAde sAstion A% dx AASAF gkl 150

20] 3L p-value
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<Table 6> The results of comparison between before and after error correction

Comparison between bus boarding/ Comparison between bus boarding/
Division alighting survey and smart card data alighting survey and smart card data
(before correction) (after correction)
Consistent 739(89.3%) 782(94.5%)
) Different station name 51(6.2%) 8(1.0%)
Inconsistent 88(10.7%) 45(5.5%)
No data in smart card data 37(4.5%) 37(4.5%)
Total 827(100%) 827(100%)
x*(p-value) 15.02(0.00012)
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