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ABSTRACT

The accurate forecasting of the public transportation’s transit and arrival time has become
increasingly important as more people use buses and subways instead of personal vehicles under
the government’s public transportation promotion policy. Using bus management system (BMS)
data, which provide information on the real-time bus location, operation interval, and operation
history, it is now possible to analyze the bus schedule reliability. However, the punctuality should
always be considered together with the operation safety.

Therefore, this study suggests a new methodology to secure both reliability and safety using the
BMS data. Unlike other studies, we calculated the bus travel time between two bus stops by
dividing the total travel length into 6 sections using 5 different measuring points. In addition, the
optimal travel time for each bus route was proposed by analyzing the mean, standard deviation and
coefficient of variation of the each section’s measurement. This will ensure the reliability, safety
and mobility of the bus operation.

Key words : Bus Schedule Reliability, Bus Schedule, Safety, BMS data, Operation of Public
Transportation
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83 o] 89 VIR EEEH 9 FHLY, _’%/‘Blﬂ Ago] o] FrletHA, tensdAs &
X“er 2 AR ¥ o] §A-E] W9t AR £k Agho] WS k. 2015 7], F-Elvhet
T FUELFES Aund, Astd 9 dxvt 393%, W71 265%, 5827 23% =, AHEEC] &
X}EE} HsuES o 8ol oj8ste AS & F Utk =3 tiFus FF8aA47F AdH 20074 o] =2
HFuseol&ES A S7HTh At Y A4 A&L2 07 o] §Fo] F7kg W, W29 F-9-+= 201017}
F7HtA oW, I o]FEE ASH R FHAdhe FAot o3 FAE HFT
2 W2HT o)Al 52 At S ¢ M3t AS YEH, ool 8%
38 4 Ath(Seoul Metropolitan Government, 2017). &gt i 2pAIZt} =2hAI7ES
A R B2 S vA= alolnh shARE A s Hae AT
go] W] ol FAIY SHIL ofE Helth
E3l7] 8] AgAle W23 HE| A 2~E(BMS : Bus Management System)' S 753
sk, olg, watd & AFate] o] &l A FFE AR|~E AFsL
&3 et AR TFARro] Heke o] EAE et 20061 12€5H
2008'd 8€7kA] W S TZ7](BIS : Bus Information System)’S AlHAFYCZ M X311, 20143 12
A7EA] 8697 A0l % '] #5319 THSeoul Metropolitan Government, 2016). M H T 7| = B 20
GPST27] 8} F- 54l AAE AAste] W20 L3443 AAFORE FHotsto] W291x], &3P /3H, w4t
A, =2 ARt 59 BRE AFste AlzHolth
HIZF A Q17F ajakzbE o) AA v zbA e X AEE ov]siH, dA Ao P4
Brtete ARE o] &Ha ok 2013 7]E AZAl AU 2 vk AAIE S 939%E E2 Ho AR A
S0l wl&= /‘1‘117\ FEe ARG @ Hoth wiaizbA o] 11 My, W22 E2ATlo] HEekA]| of
%‘Toﬂ‘” ol FTFHOE H2E MEsr] 7t Ebstt). o Ej Aol o] WEstEA W ERAAS AT E
Fo] ZHAaE7]E YA, FAHR W2 ST FRE Fi ATES] HA AFE
o] I Q3}TH(Seoul Metropolitan Government, 2016).
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1. Baielp

1) HA HAY Hot

0ded2014)= =Wl 2EEES OISR A3 9AE oA gE AAEAH. o] 975 AF3
2 WEAS(CV(h) : Headway Coefficient of Variance), X{F{t2 F-A|(HA : Headway Adherence), 3¢ U]
71N ZHEWT : Average Excess Waiting Time) 5] ARE o] &35t B4R oW, Fotx SAFTE 1HHA
B3 W2 2AA AT FFete] B AT 2 FAARE SUHAZI7] fEl ¢4 diZ|AE &
FAEE €)1, ¢ U2 88 87 52 &9 AN ot A& Aok

A7t & SAEE Uro] 245
Nelson(2012)2 2912 3] M2 319 4SS Brstr] A8, As 2k 912 Hlo|E(AVL)
AAZE ARE o] 83t M £5 9 AQAZ AFHE T2 E43AT W TR A 7P IA T
Asle XL BAETE e Fold, M 4 257t EAgE EFsta nAtZ A 7 Ad XA
o] doju= Ao E eyt wetA F +&
7V AA 719E Ao E KT
Lee et al.(2008)> A5l 5| Z|(APTS : Advanced Public Transit System) A5.% wF 7= 289 BMS
L5, BISARE o] 83t A&A W2 AMulx 25 Hrkshy] 9 AAAE ARE NS AAAE A
5 AA wiARPE & o] gt AAsHoH, 2k wiak A, &3 T AF = HlE, ERARE F
< BT dA AEAlE EFAL 24E Al AR AFA EFANEE AFSA R, Has
el B2 e ] ol AA FEQ 80%0 E23HA £ dite] BoF AOE e
o Jo

Ko et al2005)& A& BUSAEE ol §3te] W2 AANYE 4E5a AAY AT S4S BHsA0:
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Bertini and El-Geneidy(2004)+= F]= Oregon 52| 34 nEFHA &9 FU HELYZYEPA2H
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2y Tl AR T, oA A @53 22 a3 FAD o, W Aux
g ko] M AT ot FFe A=A BFE ¢ e ZAolEal AFETh
Jung and Oh(2013)= BMS AH&E -&5to] HFA] AlUin TSEE” 3L AN AEE B8

FA 18 wade] IFE ARE o] 8ste] BAES EASAL, 1 AR AA A SN ARG
SYAZEE] Apol7} WA, 2FAGE] A JhAde]l Basirta st =3 BMSARS| 543}
AT FETHATE =L %a—% Od%‘?s}@l o2 BMSARE o] &3 A7 danS Axsidin

S Frhshe A& HH o= 20059 6€ 159 & HFA &
= BAsATE WAt A o) A dFe A= 8QleR B
o

o, AREEA7HE ol &sto] o el /8 ZAd AxE

2. AAHY
B2 AN FREP7] Qe o8 FrklA gkt o s FANS Hrhstaglon, M HA g
&S vAE vFR A 229 olek AdHE AXE st AAES T AE F e kS A
SRtk M2 ARY 2=, i34 & AR & Sl BMSARE o] &ato] AA W2 &
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(Table 1) Travel Time Type

Travel Time Section Time Type
t, A~B Station Arrival Time

Gate Open Time
(Passenger Get On/Off Time)

Waiting Time | ¢, B~C

t, C-D Station Departure Time
“ t, D~E Driving Time with Running Speed
I Driving Time ty E Signal Waiting Time

tg E~A Driving Time with Running Speed

(Fig. 1) Points of Bus Travel
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£ o]83ta, Y4 40| e A5 AE WETA g3t (Korea Highway Capacity Manual, 2013).

ty, = Max(n,, <p,, or n,. <p,;| = Max(n,, x3.2 or n,;, <1.5] )
Ny, %i]— %7‘1] ‘/—":7 Pon * ‘—‘7(]' /\]7]-(pan 732)
nyy ¢ SR S gy 5 S AT, 1)

(Table 2) Get On/Off Time by Passenger Type

Get On Time(sec) Get Off Time
Smart Card No Cash Change Cash Change (sec)
No Standing Passengers 32 3 5 s
Standing Passengers 42 4 5
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HEAS(CV : Coefficient of Variance)& FFW L] A& o thak At 3718 Jelle 258
o] & TF FARGoIY 22 Hdolgts Fo] A BE A BEE Hlus] AT SEE AR

HohLee et al., 1999).

A = F BEFIAND 1ok B AFelA AR AR E A 284S vaste], AR
A 2aAe] O 28 AA4 LANE B Fusts Roldn 2 4 9
T
if 7. = —= then True Hse Fulse (10)

1. X229 %

ATollA o] &dhe ARE A=Al BMS ARE, 429 Ado] Aue WA 7] Sy 2] AR
AR B AR A AAREOR dEE BMS AR e B 4o ARE AAe R, YR
E Ags ole W& e % AAS FHsked 25H AgoH
B AFoAE o] ARE ol &sto] AR AR, TR, FHAL S FokEth 7 =

SHshs Az AT wapzoA el Mo A FAAZ ARE o] &st] AR T TS

o)

% i r}u‘.
By
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B AFoA = AAA &3 < AA 410719 M2 24 FollA] dEFoA dtE(ErHEsHEA Al
Hodeluaraz )iz S8t Ao 2714 waweMe] 20161d 99 279 3tede] &3 A8E
o] g5t WA FAG tal] Bt A2 AEAHEAE MEH, 2710 MAE F 460 HA
7} 3 & 1858 2, 3 Ao F YA 2417 308, #jAIA LS HA 5EA A 10RAZ -3
H 3 JAthSeoul Topis, 2016).

B AT E 7 Bt W 28 FollA, 271 Wt Aues AFF FolA SUEEIAR) 374
o] oA HFA(LA 8A~ 24 9ANE thd o & MAstaL o] Azt H%*%E A5E o] &3t vt 33
st 2 TR A E SRR IS P AIzte] B HRAL SHPAIEG 2 Agto] YER}Y]
o) ell, o] opd ‘< gupEstEXAE A LEFH 0T THA FRACZ | WS nHFTh FHEE
AR o HFA(LA 8A~9AN 3= WM F 11tlo|th ®7]9] Hod B AdMes AFA
o2l SRS EXAIE A dEHAITAA A o] Z47ke] A RAS FAURE 15H 61HOE %73t
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ARAIR 7Y 5 drk F719) WIS A3 1100) W2 F ShES) W2 LTS 40239 A R
AN S,

ol-& 5ol oA g WA MEARN)S A7A] 7l whet L8 3to] 2Rt & Al
AE 2719 Bl 2o AEA W 253 AZS ALA BlAeAE AEgw Az 63 Y =28
gaghel] 719 skt Al £AQAE Faskdth S Al 28 AFE 32%, S Al 28 AR 152E
7PSATE & AR ERee w2 edkat ARE FolA 7P A ke ¢, 2 ARETh

Sotat AZbE TS W, A 287t e Aot YH A0l e 4227t obd, FtER AAst
U 0] gle 32%2= 7}7e,<>}¢d—E A, o]+ W 4225 SAARICE & A AR Y SokRF Al
kol B 21 Z57F Ast] wiel ol& agste] SAAE 3222 JHYsith

(Table 3> Number of Passengers and Get On/Off time per No. 271 Bus Stop(t,)

(sec)
Bus ID
1~2 2~ 0~31 1~32 9~60 ~61
Bus Stop Number 3 3 313 > 60
Boarding 5 5 0 1 0 0
A& 7541 4023 Getting Off 0 0 3 3 10 0
t, 16 16 45 45 15 0
(Table 4) Travel Time Between Bus Stops
(sec)
Bus ID A ZT5AF 4023
Bus Stop Number -,Z:ij(=t1 +1, +t,) 123 ty,tg 17,]'(: tytts i) tytiy tg 1}(= fI:ij + 7;,])
1~2 34 16 9 44 44 78
2~3 38 16 11 17 6 11 55
30~31 34 45 | 1475 74 56 18 108
31~32 92 4.5 | 4375 47 17 30 139
59~60 36 15 10.5 19 19 57
60~61 104 0 | % 101 2 [ 7 205

Al 3% 27 9] Ao ofs) 48 A7te] AR 948 AL AR <Table 4>9F AT} 7] W2 4
4 2 FPNMT)E BFRAI BFE Abololl wAzIt EASE A9k 284 82 A9 283
Apol 7k AA YERdTh I olf= mAtzA el As ] ARte] AR B FFE vIA7] welth
A ZA7ke] AR Aolell s wARE st HAYRA wAR Aol AThE ARSIt <Table
4>ol M W2 AR 129 2ol ARA F FYAHg)0l shte] AR Aol wARTE fle Tl
A, M2 AR -39 2ol SR AR wAR, wARAA T AFA7AL AREeR FiE
= Afole wazrt EAske 79 2otk mhA AR 60~61 T3he] w2 FRAGL w27t FAjst
E 7Riel] gl g ARAEG t7| gty FAIte] sk
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(Fig. 3> Mean and Standard deviation of
(Fig. 2) Maximum per Operating time Element  \aximum Operating time

E, SYALLEE BRAT AN Aok} WEHS AEAE Hs] 9, kAR B
Gk EEUA e ol ste] WEASE ANSIALL A WEHo] Z AL 10,9 1,2 etk ol
& At ekt 990e mARe FR9 mARNAL ABAZ, D3 FFY E S5 A9 Bek 5
YA GFE wol W] dEe] WEAel 2 veky

(Table 5) the Maximum Value and the Coefficient of Variance per Element

(sec)
Maximum Value
Bus Stop Section

4 ty t3 ty ‘ ts ‘ tg Total
1~2 15(0.81) 35(0.42) 15(0.81) 54(0.46) 118
2~3 28(0.44) 38(0.29) 28(0.44) 12(0.23) ‘ 29(0.31) 136
3~4 15(0.60) 35(0.32) 15(0.60) 44(0.65) 109
30~31 18(0.17) 9(0.58) 18(0.17) 77(l.94) 134(0.82) 256
31~32 44(0.51) 26(0.86) 44(0.51) 89(0.88) 53(0.26) 255
58~59 54(0.68) 20(0.40) 54(0.68) 2(OL3) 8(0.31) 137
59~60 20(0.17) 15(0.33) 20(0.17) 76(0.55) 130
60~61 19(0.17) 15(0.68) 19(0.17) 70(0.32) 187(0.36) 310

Mean 37 20 37 60 60 67

Standard Deviation 18 11 18 54 54 54

" The coefficient of variance per element is shown in parentheses.
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Coefficient of Variance per Element

vt ’\'\WW)YM\/\A‘/X/L tg

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

(Fig. 4) Coefficient of Variance per Operating time Element

Hi*/l SYA TS FAG FRE Q8 & L A5k T 97 2L WAst] AL AL
7 B fall, AR 84 LAY HUPHor FPAREE AHAEAT gl BAEA
%#8 AANAEL 79 Mulx AE 1 HolEY Aolng, ko] 7hg $A4F o2 v ojof gt} HA
k2 <Table 5>9F 23, AFAAE o 2QARES B YA R HAsto] A LPAHE 4HA3HE 3
AZE 278 1427 2th g Albel] dA] 3 F91 2719 A F 1UE, 2449 Mot AR E &
o] npA| et G {Ag7A Aels AR <Table 6>7 2tk & 11to] W29 Hi YA 772 1A
50 59zo|t} H Aol 4T A &3 AT 3AIRE 278 14%9F DA HF FPATRA 1417 508

5029} MRS W, A L3 A7ro] ok 1Ak 40RAES} T A= ASE vEhdth

M2 YA STk BAAT RS SRl faiAs BTk, AT 24 67HA] T
A B A BEAATE E 1t 9 15 2AG] M2 YA GET F Yk o)E T M2 A
T4 BAER] 7hssta, ol S AFAANAY d7IAE EUCEN TEES o] ES Bole
qko] = Zlojth

(Table 6) Average Travel Hours for Route

Bus ID A&754F 4023 | A274AF 1201 A2T744F 1240 | A2744F 1230 | Average( 1;.’)
Total Travel Hours 1:55:01 1:55:16 1:49:56 1:50:16 1:50:59

Operating Time

e

(Fig. 5) Comparison of Operating Time
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(Table 7) Comparison with Travel Time

Distance Time Speed
Average Time 1:50:59 11.47km/h
£ 52.44km/2=21.22km
Maximum Time 3:27:14 6.14km/h
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