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ABSTRACT

The Taipei City Government has proposed four major improvement directions for
the bus network: re-planning routes, merging duplicate routes, canceling inefficient
long routes, adopting efficient short-distance services, and promoting metro bus as the
main improvement plan. The metro bus is similar to the BRT bus rapid transit system.
It mainly operates on important urban roads. The bus time headway is 4-6 minutes
during peak hours and 5-10 minutes during off-peak on weekdays, so that people do
not have to worry about waiting too long outdoors. It operates in intensive mode to

improve the reliability of the bus.

The metro bus is an important policy to improve the operational performance of
the bus network, but its operational status in practice is rarely reviewed. This study
hopes to examine the metro bus time reliability through the analysis of practical data
and compare it with other routes. In order to examine the time reliability of the metro
bus headway, the purpose of this study is to deconstruct the source of variation of the
time headway, understand the factors affecting the variation of the time headway,
compare the difference between the metro bus and other bus routes, analyze the bus

bunching problem.

Therefore, five outcome variables are used as the analysis object of the reliability
of bus travel time. The variables are time headway, time headway difference between
stops, travel time between stops, time headway meet the schedule standard or not
(Boolean variable), bus bunching or not (Boolean variable). Variables that affect
reliability are divided into traffic variables (stop condition, congestion state), spatial
variables (road section length, number of signals, bus lanes, turns), and time-dependent

variables (rainfall).

This study uses MLM and logistic regression as the methodology. The results of
the study are that time headway is mainly affected by "time headway difference
between stops" and "departure headway difference". Time headway difference between
stops will accumulate, the greater the order of the stops, the more unstable the time

headway. "Departure headway difference" is a normal distribution based on the average



departure headway of the schedule. Among the spatial variables, "turn" is the obvious
factor that brings the time headway closer, and "bus lanes" are the main factor causing
bus bunching. Different routes and different companies have differences in departure
headway stability and driving speed. Based on the results of the research, this research
suggests that by avoiding the overlap between the pedestrian signal and the green light

for turning right, the travel time consumed during the turn can be reduced.

Key words: Metro bus, bus reliability, GPS data, time headway, travel time
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gtk 5 GE R 23. 280 2.579 24. 363 8. 690 28. 527 19. 837
b BB EAR 366. 067 174. 764 309. 000 180. 000 894. 500 714. 500
i 4§ 0.128 0. 334 0. 000 0. 000 1. 000 1. 000
Bk 1. 824 1. 407 2.000 0. 000 7.000 7.000
252 2 Hr g 0. 166 0. 372 0. 000 0. 000 1. 000 1.000
&2 16. 547 23.071 1.500 0. 000 64. 000 64. 000
ook pE R 39. 284 28. 607 29. 000 5. 000 169. 000 164. 000
T g 4k 15 G B 23. 280 2.579 24. 363 8. 690 28. 527 19. 837
R b B R4 323. 848 181. 478 320. 308 55.917 2350. 250 2294. 333
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g 0. 327 0. 469 0.000 0.000 1. 000 1.000

Bk 2. 300 3.375 1.000 0.000 20. 000 20. 000

N3k iy 0.111 0.314 0.000 0.000 1.000 1. 000
& 13. 605 20.702 1.500 0.000 64. 000 64. 000
FrbpE R 97.499 40. 783 44. 000 -24.000 327.000 351. 000
33 ACLY; ) 23. 280 2.979 24. 363 8.690 28. 027 19. 837
=R RS 444. 640 321. 664 330. 500 134. 000 1787. 500 1653. 500

i g 0. 442 0.497 0.000 0.000 1.000 1. 000

Bk 1.599 1. 110 1.000 0.000 4.000 4.000

304 £ & - T ) 0.184 0. 388 0.000 0.000 1. 000 1.000
#* & 11.506 18. 983 1.500 0.000 64. 000 64. 000
ForbpE R 52. 725 42.979 38. 000 9. 000 389. 000 380. 000
b GER) 23. 280 2.579 24. 363 8. 690 28. 527 19. 837
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43 P BFIIBEa T Lo I78 %

431 A A

AET LR AR SURAF R G fR0B R 0T S ¥ - BE B p K
2 FEE G ALRE ORI AFT T U AT P RN ch% B BODE )
% (VIF, variance inflation faction) X # % p S8z B E 7 5 &7 £ R PR 8 »
VIF B3 10 pF R & 28R R uigas  $- 2 B8 F n s 3357?”"
W X > AFF Y #3215 Durbin-Watson (DWW fB)# & %% > § DW E4%
BAT2PE A A RBTHE

T 1~ % 12 % 13 5Fpe(H) ~ 2 FIpE L B (HS) ~ »2 (7 RV (TT) &
FTE PR NVIF B % o i 11 _’rﬁ?g}%"ﬂ@;ﬁ%j’ﬁfﬂf# POREAL ~ BEZE N B R KR
VIF & ¢ 426 100 R 232 BH&KE T £ Mk ma 4 - Allison(2012)3 5 %
VEE%&%%iﬁ%%&’if;ﬁﬁitﬁgﬁ%%mﬁ;@w@,mﬁ
AT A S ARG X BT TS 4 A 2 BB A
Fry BILRE(H)E ¢ 4 &MLl i3 3 e R > FER LD VIFE
Al ARG - REASEL E e b 12 & 13 B IEL B (HS) o
FEREE(TT)p 4 VIF B4 <20 f 82 B LG § BES 7% sk
"o T4 14 AFIpE(H) > 3B FIEEL B (HS) ~ 2 (7 (TT) & B R T4 DW
B FUFIE G AFEEH)SRNA > AL BRE R EZ2ZF AT A
o NFEA P BT 0 dew § E PN N 0§ on b GwIEE K T B
1205 % n sb B i S enFIFEL B 1 2 3 B SIFEL T BB

SFeEN o FIFE(H)F G e A SR A AT AR T AR P fF S T i F
FARD GaRRAL R FL e AR AT N RE A 22T LR 4
Mo T EFRADANRE > F HITEET L BRBGEF AT LR F F
fRenglicl B FLEEo B R R L HFLEE RS o A5 HE B U] sb 206 0 SRR
SRR 0 SR L B (HS)H Litlminh 45 o
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+

% 11 srge(H)2 VIF &

FLEE(H) | R AripEeiza 252 £ B ir A 304 £ &
FEAR 23. 089 3,679 1358 1. 466
ENER 2.06 3.138 3. 844 2. 924
T 5.215 5. 062 7135 1. 399
£k 12.326 2. 512 2. 939 9. 491
e 3. 987 1. 876 1.796 9. 743
BRI 11. 666 9. 427 1. 66 2.104
a2 1,002 1.016 1.005 1.004

% 8 FrgE 1021 1.035 1.053 1.005

Z 12 zbFrigef B (HS)2 VIF &

f;j; 21 T AR L TR 4 959 £ R 25 304 £ &
e 1. 329 2. 051 1. 244 1.133
ENFIFRE 1.302 1. 327 1167 1.192
g 1447 9. 015 1. 202 1. 349
Bk 1.307 1,298 1.037 1. 321

o 1.03 1.088 1.078 1.036
a2 1,009 1,021 1,01 1.008
BRI 1.358 1181 1. 207 1.092
P 112 1. 161 1.092 1.025

4 13 % 7R (TT)2 VIF &

iﬁii;: o | ariER 952 £ R iR 304 £ A&
FEAR 1243 1.798 1141 1.037
INEY 1.272 1.159 1.068 1.235
5 1.234 1245 1.158 1.169
Bk 1.207 1. 477 11 1. 269
P 1.039 1.022 1.075 1,047
£ 1,002 1.006 1,002 1,002

% 14 FLEE(H) ~ 3 B FLEE L B (HS) ~ % (7 @ [ (TT) & B T 4L DW &

FTEE(H) BRI L B (HS) * {7 p& B (TT)
B ATARELEF A 1. 860 1.946 2.043
252 1.581 2.078 2.002
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ERIFR 2. 318 2.038 1.914
304 £ & 2. 037 1. 983 1. 976

432 Fgk e fF

AT A FIRE(H) ~ 2 EFITpEZ B (HS) ~ *2 (AP (TT) e ? Pt B g ¢ 7
€ F AR A F R TR IR level2 PR 0 T2 AP TR
BE - Bk enlevell f RBIEF L iApk o TR Y BBHA BATR A
Tk o P EER T_5 YE 2% h one-way ANCOVA model with random effects ¥
AHCA o FE AR FS A Ap M RB(CO) IR o R B Lo S L
APHAZR > § ICC A &7 i pASR 7> AR o ol & @
Fo & B3 o

T & 15 5 FTEE(H) ~ - FFIEEEL B (HS) ~ %% (7 R (TT)H Boie 8 7R 2 2
B2 e ICC & o 945 Cohen(1988)# 7 3k e 7k & » ICC - »+ 0.059 & £_i1
BRenmpo4phE o 20.059 42 0.138 22 FF & # Rep 4phE > 50 0.138 /8 £ 3 &
e N AR R o STRE(H) s SR FLEEL B (HS) ek 50 e ICC g MA B v
BARM > ok FEE(TTRERE BAAM > AP TR %EFRFTTERP i
A e T G rb P REALEE 7 8 I e T2 BE 4 o Luke(2004)3% 5 0 RE & 2 ¥
FE i ka7 e Rk = TR A F fzga%? A EE TN -
B L FEF AL PTRER CFEE S TICC A7 i 2 24
WRFA TR R FIETE & R Y e o S FIEE(H) frsk B rTEE L R
(HS)» A7 325 RypItieene & 24 > AL A = I FLFEGHT 7 (7 B 5k
K RAL 0 Ft U %ﬁﬁfﬁi’?g AR CAIPE S

% 15 F1pE(H) ~ kB FIpE 4 B (HS) ~ % (7@ (TT) & e R T AL ICC &

TFLEE(H) HEFIFEX B (HS) | % (7 (TT)
B AR AT S 0. 065 0.031 0. 583
252 0 0. 080 0. 547
e e 0.136 0 0.625
304 £ & 0 0. 030 0. 550
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T 4 17 A TLRE(H)® % PEECEORE R i §FHC) > Modell 3] Model4 4 5] 5 B
PAGEIRAR 252 EAIRMR 304 £ R v GEEAR o ST BB SEY o1 s T
PRIEL G THEDR R T AR Y e FRROPIES L E o BT
AR AR ARAPTIEET 305 387 £) ) 5 6.45 A kb 0 FIT XTI FIEE 46 A 4B -

FL; BRAR 252 ArTEET 04 1821 ) 0 ) 5 30 A4k BIFLAFIEE 20 A 48 30
Ag- FIAp R S ERIFRDFIGET 9L 453 45 0 K5 T A48 HRITFLA SRR
46 24— 7T 5304 £ B FFIFET 0L 1258 F5 0 M 5 20 A4k 0 BT A SRR
1520 48— FApfh o A fAF ¢ R REES G lgegp - 22 B - i
PABEYIEF LA GEPETEY AT RIAFI TR & AT
*ATIREE P BB ITEEL b 80 Tl BT T IR R G B
B U EABE o AEBRORNA > B A LIES SL P S BT RAY

B RATARRLIR Y ¢ F G- BB ETFIEEE H 4 07637f [ S 25

@'ﬂg;;‘w') 0456 ) » 304 £ & € #4351 F) - PR iEeines » H L &5
$ 171208 NG D = Brhand i ) ARIAIGBILIANE EAFAEF > R
POABRIEAR ) R IFIO B AR 1 225 PRS0 1986 ) 0 A

M GRS 19464 o BB IR AHCAE Y ML TR23 s EpEe
FET AW Ao% a i 0B 0 IP R AL F @ AF (T eis 0 B B SIERER 4r | A 4BTTEE
§ % 60 £ 4 R s B FLEE RN § 60 do 5 B FIEE T gic] T 60 e
ATFIFEE T F FRARRARAIT o A BRAF P IHOLIET > LRIiTpIAT D
FIPER B bo— A ABITEE€ W 4e 5S4 4) 5 252 H 454 £R IR L 47 455 304
TA L 63 - RFBFLER DN R4 & RIHEEIFAE Y © n b aTEL
L6 2528154 AERIBMRL-13H 304 ER L3 o R
B B FIFER T I Bl e T B 24 0 0 R A S S BRERERE > B8
FIFE 5 — A ABHITIER > 252 ¢ 0 04354 0 E R IRAE " 0.556 F)

B304 £ R ¢ 5 0260 )  RIFAREFFET 304 LR 2 BRI D
SFL R (TR ARG G FLERE BT g 4 o
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> space
stopl stop2 Stop n

B 23722 R T B

E IR
BB A slope0.260 __. 304
63 Y
47 | 0.556
slope-0.
45
slope-0.435 s
252
> UH P
stopl stop2 stopn

Bl 24 zb B3 B FIpEcn 3 (8% Glior RB

T2 18 5 A EFIpEA & (HS)w & PFE P i fFHCE] 0 Modell | Model4
LulE BRARELIER 252 EAIEM 304 £ A v A o Ay BB
Ao GEPERY B EFEY > ARMBRIFANEARAOEPRENEY > 2
BB s A RIURRITAL ek FIEL § R0 7474 ) 0 G E B IRAL
RIER " 4% « FERREDINAS > LREIERIEA Fi510 8 5
2B EPE EFITEELR S 0973 F) 0 252080 194 0 R ISR
0549 ) » &304 £ &> 1.898 §) o A I HPFF R8s » L RETIGEIFR L 5
1102 & 508 | )b FLEEL € 340 0.112 ) > 252 £+ 0367 F) > &
B R SUE 4 0.122 4) > 304 £ & €5 4r 0204 F) « 5 A fFsS o EH S
HEH (LR ) FRREFLFE R FRITEL 25 TH 255
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R ITEEA L (HS)w 4 P po ey A e 3| B EEA B R > TS5 A F § 7 AT
PRBIDGEY i HAIR LR AR F T2 IEL B onTi0E -
T A 16 G HEEFIEL R FRIEL > &Y AN w R Y ESTEEL B
DS BEE o AFSEEAY BFLBRGEE § JaT kRS 4 EA S @
BERE e e i BB o

ARATRIE IR AR EERR
Effect Ranges Effect Ranges
etween_ et
.
.
.
up Grovp
252 304EE
Effect Ranges Eﬁa:t Ranges
etween_. e
Group o Group

B 25 sk FIEE L B (HS) 4 % PFECIE R it fF 03 #4547 )

216 34 B FLEE £ B (HS) = % PrBoentg i i fF pe 4

B AL & w7 ®5A | BIEG) | BIER)

0 FEHBFEGP) 4 | -68.339 | -1.139

0 PiF 5% Fres 38 | -50.835 | -0.847

, 1 FEHFGTH) 39 | -36.478 | -0.608

B AR

0 — L@ (D) 37 | -30.099 | -0.502

0 21 R 20 | -27.027 | -0.450

0 A A 10 | -26.945 | -0.449

0 2R 3] -579.443 | -9.657

22 1 s P (ErT ) 3 | -260.078 | -4.335
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1 A E I 41 | -211.405 | -3.523
1 A FTH ) 24 | -170.539 | -2.842
0 A AEEGREdEH) | 49 | -111.006 | -1.850
1 AR BT 9 | -104.983 | -1.750
1 2 N 37 | -253.636 | -4.227
1 4+ 30 | -100.562 | -1.676
1 LA ERRT 18 | -47.253 | -0.788
TRIFR
0 | LHk®EFscd (P ) | 40 | -32.795 | -0.547
0 1 HRA 39 | -31.935 | -0.532
1 L. T 48 | -24911 | -0.415
0 kT B 44 | -244.141 | -4.069
0 ¢ ATH 42 | -164.579 | -2.743
1 oo iEr 3 | -116.351 | -1.939
304 £ B
1 L 34 | -116.223 | -1.937
1 AGTR B ) 32 | -111.840 | -1.864
1 ) 7k (4 b 1) 18 | -108.585 | -1.810

T4 19 G ok ia pE F(TT) ' FLE PFECERRE A 3 fFHE] > Modell £ Model4
A G BATAREIFR 252 SRR 304 A v R o FR A TR
BORP BT 0L iy L T BB log SRR R LA AT o Bk B RRRE
WAFILIEREPFETF LNl - B G FRAH Rtk TR
FRATHEEF > ANEFRLAEDRAF Y F AT o 0B B F G iis o B
BAGBIRIRARL 0 B 2B B B § R0 30%nek TR ER o §
A BB ERELITALY § PR g S8%ehk AR > 5252 ¢ %
30% EERIFRE S 62% > w304 LR § 5 50% - iR s 0 AR
PABGEIF R B - 2E P B A€ N 4 13% b AR PR > 2252 ¢ 5 4
20% tERIFR L €W 2% LA B ARIA C FAE IH AL TF 0 AL
BARS € B e 1Y%eh (TR R o
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TA20 5 N EFLAPE R TRE R O PRS2 FRES % 5
BESE- A4 L hAl FREEFT L LEA A2 TR
2R BT H oA B R AT E S R T A PR g SR
ﬁ’?%i%ﬁﬁﬁ%ﬁ@@ﬁ&ﬁAlﬁ#ﬁiﬁﬁgwﬁ*’%u%@»
AL RREE T cEHRRDOLRLIF T AREIBORE S T HFXR
IR LA BB ;rsq“ﬂ,@,t ERPERE  BRAPSFRET FRERF A
WEFrTEE g A K R o FI BT R I R N T R b
- R HROBEPELER o AR EF A 2 ICC E A RETARRITMA S
0493252 5 0415 £ R #7255 0487304 £ & 5 0417 > tzbB§ ¢ § P A
R o T RECYSEY s FPRIEL § THESE R 0 T AT
PO ERAROR IS L Y o ARIUBIIPRG T FRE R TIHL 25867 2
B E ] pE 252 524986 28 F | pE o £ RIS 28380 22 & [ pF 304 &
B 521509 22 & [ pFe AEEH 22 R CHEF R BAFT IR
FOOGEBEL Y B AT o AITX PINA AR T B Ack TR G

r,a» ‘Kzf )im)l-

BRAXR OEIRE 4 o ARSI B SR 3 I N 3 R AriGELIRR F F LS -
BITxESH R AL D FELEM0013 225 b @ AT
iR 3 0T IR RATARRIFR P & A - BRAEPFHTRERAE L D]

PELE10008 22 & ) e i 0 B8 % 2§ AT BN TR -
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17 FLREE R BT A R it B % 0 RS
Bk [ENFA 128 e >
BAGRIEAR 252 M T RIEM 304 £ & B BTAR T AL 252 B4R T RIFMR 304 £ &
(M1) (M2) (M3) (M4) (M5) (M6) (M7) (M8)
B2 E 391.153™"  1822.291""  458.329™"  1257.238™" = 387.517 1821.1417 453.097" 1258.376™
(2.991) (10.62) (4.996) (13.618) (1.678) (7.496) (1.791) (6.301)
FE A (¥ B 4%) -5.806 -36.444 -5.237 -29.686
(8.269) (73.785) (5.009) (51.176)
- -54.068 16.069 52.019 122.637
(29.698) (95.330) (45.123) (111.305)
w5 -25.253 128.819 27.999 -94.281
(19.857) (177.258) (36.114) (79.665)
Bk -7.855 3.950 -3.384 12.428
(8.026) (49.709) (1.799) (21.914)
= B 0.763" 0.227 -0.456™ 3.510""
(0.301) (0.747) (0.147) (0.878)
AL -1.986" 3.710 -1.946" -2.631
(0.963) (6.725) (0.897) (4.725)
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& £ 0.222" -1.703™ -0.115 0.679"
(0.091) (0.330) (0.087) (0.332)
73 B FI§E 54.203™ 45.478" 47.071° 63.379™"
(0.634) (1.267) (0.493) (0.726)
B X B ITEE 0.034 -0.435™ -0.556™" 0.260""
(0.056) (0.095) (0.032) (0.063)
R (RIE) 271.094 <0.001 2138.556 <0.001 <0.001 <0.001 <0.001 <0.001
RARE 54546.454  160951.655 85885.42 389809.503  33886.792 80090.769 53245.866 83287.886
AlC 165473.415  21156.189 . 237655.667  33023.072 - 159694.411 20124.324 229485.665  29748.206
BIC 165495.601  21171.979 - 237678.841 33040.024  159783.159 20187.484 229578.361  29816.013
Log Likelihood -82733.707  -10575.095  -118824.834 -16508.536  -79835.206  -10050.162  -114730.832  -14862.103
# A K 12036 1427 16726 2102 12036 1427 16726 2102
BANE 73 81 111 74 73 81 111 74

* p < 0.05, ** p<0.01, *** p < 0.001



% 18 A Wripe L R o % Bl DRI A 2 bt B R

%K ERER A 3a8 HE >
BAGRIESR 252 B A T RITM 304 £ & B B4R T AL 252 B AR TR IEM 304 £ B
MI) M2) (M3) M4) (MS) (M6) M7) (M8)
A 0.861 0. 992 0.765 2.312 2.093 2.08 1.791° 1.929
(0.822) (2.634) (0.536) (4.116) (1.533) (3.63) (0.854) (6.019)
FE 4 (44 ficid 3%) 0.917 5.055 -1.021 3.716
(3.055) (9.046) (1.289) (8.467)
- ] 5.71 4.962 4.308 9.369
(3.424) (8.445) (2.202) (11.803)
5 -7.4747 -17.088 -4.655™" -3.077
(2.818) (11.522) (1.534) (9.792)
5 salic -1.133 -0.557 -0.082 -6.31
(0.963) (2.214) (0.194) (4.33)
B -0.010 -0.131 -0.033 -0.268
(0.101) (0.209) (0.042) (0.374)
TPk -0.973™" -1.904™" -0.549"" -1.898™"
(0.097) (0.285) (0.059) (0.484)
* -0.027 -0.127 -0.024 -0.11
(0.04) (0.105) (0.026) (0.214)
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Foxb i 0.112°* 0.367" 0.122™ 0.204°
(0.032) (0.094) (0.015) (0.096)
R (RE) 7.333 55.748 <0.001 31.132 47.437 119.879 16.578 80.833
RARR 6952.619 6929.757 3879.364 28542.496 6869.806 6572.647 3824.73 28277.756
AIC 142405.727  13455.199  149860.905  22738.636 142312.757 13397.853 149736.967  22713.662
BIC 142427.951 13470.344  149883.436  22755.014 142394.245 13453.385 149819.581 22773.715
Log Likelihood -71199.864 -6724.6 -74927.453  -11366.318  -71145.378 -6687.926 -74857.483  -11345.831
A S 12186 1151 13499 1736 12186 1151 13499 1736
= e 77 72 108 68 77 72 108 68

* p < 0.05, ** p<0.01, *** p < 0.001

60



3019 % (7 PR R B BRI R e

I %

%K ERER A 3a8 HE >

BEABIEAR 252 BeM £ R iz 304 £ B B ETARIT AR 252 BL 4R RIS 304 € B

(M1) (M2) (M3) (M4) (M5) (M6) (M7) (M8)
e 3.352™" 3.095"" 2438 3.105™" 3.128™" 2.858" 2.068" 3.067"
(0.075) (0.061) (0.066) (0.077) (0.109) (0.117) (0.127) (0.153)
FE 3 (3 B i 4%) 1.107" 0.312™ 0.622™"" 0.507"
(0.13) (0.119) (0.117) (0.109)

O -0.302° 0.297 -0.193 -0.087
(0.152) (0.168) (0.172) (0.204)

i 0.582""" 0.351" 0.409™ 0.189

(0.116) (0.175) (0.126) (0.15)

et S 0.044 -0.053 -0.006 0.061
(0.043) (0.043) (0.012) (0.064)

= -0.004 -0.001 <0.001 -0.004
(0.004) (0.004) (0.003) (0.006)

TR 0.137" 0.203™ 0.248™ 0.054

(0.02) (0.027) (0.027) (0.04)

& § 0.001 0.001 0.001" 0.001

(0) (0.001) (0) (0.001)
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SHESE (B 0.435 0.32 0.459 0.461 0.178 0.252 0.336 0.369

RELGD 0.221 0.218 0.164 0.287 0.218 0.211 0.161 0.287
AIC 5924.281 2935.506 5179.312 3684.604 5855.074 2902.778 5102.779 3707.326
BIC 5943.299 2952.299 5198.574 3701.586 5918.467 2958.757 5166.984 3763.932
Log Likelihood -2959.14 -1464.753  -2586.656  -1839.302 -2917.54 -1441.389 -2541.39 -1843.663

RS 4185 1994 4539 2123 4185 1994 4539 2123

DNCE 78 91 108 81 78 91 108 81
* p < 0.05, ** p<0.01, *** p < 0.001

62



F 20 ML TR E R oD H SR AR R ﬁﬁﬁ:;“ 5

%K ERER A 3a8 HE >

BATARIE R 252 B A TR IFR 304 £ & BETARIT R 252 L& TR IFM 304 £ &

MI) M2) (M3) M4) (MS) (M6) M7) (M8)
e 23.294™ 23.934™ 25.086™ 19. 866™ 25. 867" 24.986™ 28. 389" 21.509™
(0.795) (0.699) (0.721) (0.648) (0.832) (0.79) (0.771) (0.922)

BEAE (4 B 4 3. 117 4.617" 3.896™ 3. 742"
(1.575) (1.754) (1.091) (1.237)

BBy 5. 383" 2.944 9.935™ 4.576"
(1. 856) (1.674) (1.773) (1.708)

5 -7.726™ -10. 065™ -6. 626" -1. 816
(1.427) (2.338) (1.301) (1.471)

Bislic -0. 647 -0. 852 0.128 -1.154
(0.521) (0.485) (0.16) (0.651)

LS 0.022 0.028 -0. 04 0. 037
(0.053) (0.042) (0.036) (0.053)

& E -0. 017 -0. 042 -0.026™ -0. 059"
(0.008) (0.023) (0.008) (0.022)

B JpE -0. 023" 0.004 -0.010™ 0.002
(0.003) (0.01) (0.002) (0.005)
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LR -0. 012" -0.01 -0. 046™ -0.082™
(0.002) (0.022) (0.002) (0.015)
SR SR S -0.013™ -0.102 0.004 0.007
(0.003) (0.059) (0.004) (0.023)
Bia i TLA -0. 008" -0.003 -0. 001 0.014
(0.001) (0.014) (0.001) (0.01)
* § (FLE 0 0 0 0.001"
0) (0.001) 0) (0.001)
AR E (RIE) 48. 308 30.195 55. 584 26. 293 26. 531 18.121 36. 599 22.83
EE S 50. 697 59. 8 61.614 51.279 49. 465 59. 111 58. 261 48.998
AlC 82807. 661 8130. 491 94446. 251 11942. 095 82540. 065 8138. 239 93733. 142 11913. 749
BIC 82829. 885 8145. 636 94468. 782 11958. 473 82643. 777 8208. 917 93838. 287 11990. 18
Log Likelihood -41400.83  -4062.245  -47220.125 -5968. 047  -41256. 032 -4055. 12 -46852. 571  -5942.875
S 12186 1151 13499 1736 12186 1151 13499 1736
L S 1T 12 108 68 T 12 108 68

* p<0.05, ** p<0.01, *** p < 0.001
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304 £ - £RGFRI304 LR (EA4F B o BARFRAIG Y 0 P R AipA
B B PTAREL IR MA252 ~ B ACIRRIRA2S2(E A B TR E Y A EE
FAEtRBPRIBMER - CARRBA R (EHAI)ZHF » A ERR
frModeld ¥ ¢ FRITANRI04 TR AL FREFRF LT 70% 0 fdp e zb 8L
e Modeld § ¢ RTEY T 60% 2 % o Flpt VLRI E R IR A E 1 ApROT
304 £ R F i B e o

L RBERAGANDI GH FEPREEF 304 LR 0 T A 25 LML
PRk Y (7 5 R A R AP R i §F > Modell | Model4 ~ & T R AR EL
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% 22 FTFE(H) v B SREPE A i G 1050 8 %

% [EREA 258 26 El
BETARIFAR RETABIFMA TRIFR TRIFR BETARITAR RETARIFAR TR iFM TRIFR
+ + + + + + + +
252 BLAR 252 BL AR 304 £ & 304 & A 252 B4R 252 B4R 304 £ & 304 £ &
(FF =k2k) (FF =k2) (FF =k-2) (FF =k-2k)
M1) (M2) (M3) (M4) (M5) (M6) M7) (M8)
£ e 1075374 621.745™ 725.696"" 616.196™" 824.983"* 910.521°* 593.993** 641.600"""
(60.671) (74.466) (28.558) (9.868) (19.754) (56.522) (8.849) (26.346)
FEB (4 B 4) -6.038 -30.063 -13.240" 3.474
(7.52) (61.492) (5.15) (62.662)
AN -8.619 61.275 225.453" 88.21
(24.192) (88.163) (34.16) (84.514)
bt o -9.053 -37.888 -130.644™" 16.884
(18.881) (199.887) (27.452) (130.034)
it 9.81 -43.121 5.699™" -10.46
(7.937) (50.585) (1.545) (15.024)
=k B 0.697" 0.84 0.185 -0.662
(0.238) (1.391) (0.145) (1.384)
FEh -1.497 -11.36 -4.569"" 0.703
(0.865) (8.34) (0.873) (9.812)
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& -0.063 -0.169 -0.076 -0.098
(0.09) (0.215) (0.086) (0.213)
FEE -300.187" -382.746™" -73.818™ -69.729"
(19.984) (57.49) (9.21) (30.364)
7 B FTEE 0.777" 0.729™ 1.045™ 1.073™
(0.015) (0.038) (0.01) (0.019)
FRARCE B OFIEE 0.125™ 0.219™ -0.239"" -0.312"
(0.018) (0.047) (0.013) (0.029)
R (REE) 491978.94 85889.577 114561.246 807.539 <0.001 <0.001 <0.001 <0.001
MALRE 113791.418  243613.549 - 146028.946 250012.041 39058.396 46852.043 57686.274 72530.779
AIC 195669.137  43311.839° ~ 277938.145 ~60405.604 180547.895 38548.078 259841.092  55475.786
BIC 195691.66 43329.692  277961.674  60424.453 180645.495 38625.439 259943.053 55557.465
Log Likelihood -97831.568 21652.92  -138966.073  -30199.802  -90260.947  -19261.039  -129907.546  -27724.893
A ¥ 13463 2838 18828 3956 13463 2838 18828 3956
= Y i 135 16 144 24 135 16 144 24

* p<0.05, ** p<0.01, *** p < 0.001
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23 :E A FIRE L B (HS) W i SPE & @ fF 8 %
%K ERER A 3a8 HE >
RETARIEA RETiEIEM LRGSR TRIFR RIGERSR  RAVERSR RN R IR
+ + + + + + + +

252 LA 252 LA 304 £ A& 304 ¢ A 252 B4R 252 B AL 304 £ & 304 £ &
(F =-2E) (I 3+ 2E) (I = 2E) (I = 2E)

(M1) (M2) (M3) (M4) (M5) (M6) M7) (MB)

# e 0.868 0.806 0. 955 0. 029 1. 883 ~2. 457 0.532 -2.911
(0.78) (1.424) (0.695) (1.528) (2.684) (6.364) (2.514) (4.509)

B (5 i 3% ) 1.474 -5.992 -1. 321 3.713
(2.986) (10.471) (1.841) (3.699)

O I N 5. 482 7.26 4.547 7.153
(3.456) (5.311) (3.443) (4.504)

ik 4 ~7.560" -4. 431 -8.104
(2.812) (2.157) (4.447)

5k iic -0.914 -0. 644 -0. 205 -1.116
(0. 947) (1.635) (0.312) (1.822)

23 -0. 037 0.026 -0. 077 -0. 033
(0. 096) (0.23) (0. 065) (0.149)
3 S -1.071™ -1.395™ -0. 700" -0. 666




(0.092) (0.176) (0.076) (0.168)
ForbpE R 0.140™ 0.155" 0.146™ 0.075
(0.03) (0.052) (0.019) (0.039)
#* £ -0.038 -0. 044 -0. 039 0.019
(0.037 (0.073) (0.032) (0.076)
EEE 0.143 -1.633 1. 629 3. 366
(2.823) (5.404) (2.536) (4.831)
A HRFEE (REE) <0.001 56.9 58. 752 84. 628 <0.001
A RR 7669. 888 6850. 656 6200. 799 6587. 356 1643. 292
AlC 155859. 476 36240.516  177438.260 - 38732. 82 155723. 47 36186. 259 177320. 89 38721. 919
BIC 155881. 971  36258. 659 - 177461.159 ~38751. 113 155813. 45 36252. 782 177412. 466  38795. 091
Log Likelihood -77926.738 -18117.258 -88716.132  -19363.41  -77849.735  -18082.13  -88648.445 -19348. 959
R S 3287 13337 3126 15235 3287
#* ik 24 129 16 136 24

* p<0.05, ** p<0.01, *** p < 0.001
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%24 % (7 PR (TT) M BB 40TE A i 5 %

%K ERER A 3a8 HE >
BAGRITAR RGBSR RIS TRIFR REMEIRMR BAMRESR TR IR TR IR
+ + + + + + + +

252 LA 252 LA 304 £ A& 304 ¢ A 252 B4R 252 B AL 304 £ & 304 £ &
(F =-2E) (I 3+ 2E) (I = 2E) (I = 2E)

(M1) (M2) (M3) (M4) (M5) (M6) M7) (MB)

# e 3.220™ 3.155™ 2.693™ 2. 742" 2.979™ 3.067™ 3.013™ 3.482™
(0. 052) (0.136) (0.06) (0.151) (0.096) (0.186) (0.072) (0.13)

B (5 i 3% ) 0. 477" 1.036™ 0.520™ 0.911™
(0. 098) (0.277) (0.08) (0.194)

O I N 0.116 -0. 091 -0. 101 -0. 186
(0.168) (0.177) (0.172) (0.216)

ik 4 0.414™ 0.271" 0.178
(0.113) (0.102) (0.224)
5k iic -0. 049 0.011 -0. 004 -0. 101"
(0.04) (0. 047) (0.012) (0.038)
23 -0. 002 -0. 006 -0.005™ -0.011™
(0.003) (0. 005) (0.001) (0.001)
£F i 0.159™ 0.227™ 0.126™ -0.169™
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(0.016) (0.033) (0.023) (0.045)
#* £ 0.001" 0 0.0017 0
0) (0.001) 0 (0.001)
FFR 0. 047 0.028 -0.705™ -0. 636™
(0.029) (0.034) (0.029) (0.028)
A HRFEE (REE) 0.398 0.292 0.57 0.521 0.282 0.102 0. 369 0. 147
RS 3 0.22 0.199 0. 252 0. 263 0. 217 0.191 0.213 0. 127
AIC 8820. 223 1619. 19 10435. 499 2460. 787 8722. 317 1599. 638 9324. 858 1371. 057
BIC 8840. 41 1634. 602 10455. 911 24'76. 845 8796. 335 1651. 01 9399. 704 1429. 934
Log Likelihood -4407. 112 -806. 9595 -0214.749  =1227. 394 -4350. 158 -789. 819 -4651. 429 -674. 529
Ak 6179 1258 6662 1560 6179 1258 6662 1560
L S 152 16 163 23 152 16 163 23

* p<0.05, ** p<0.01, *** p < 0.001
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F025 b ARG AV REARIE R R S S
T W7 £ IEH >
BRI AR RAUEIRR RS TR IEM BRI AR RETBIFM TR IFM TR IEM
+ + + + + + + +
252 B4 252 B4 304 £ B 304 £ & 252 B AR 252 B AR 304 £ & 304 € B
(e = 2L) (F =:2L) (F =£2L) (F = 2L)
(M1) (M2) (M3) (M4) (M5) (M6) (M7) (M8)
sy 25.916™" 31.481™" 28.216"" 32.101™" 30.865™" 32.269™" 28.617"" 27.154™"
(0.503) (0.816) (0.492) (0.739) (0.956) (1.654) (0.739) (1.296)
FE4E (44 ficid 3%) 4738 7.576™" 4.877" 9.635™"
(0.934) (2.214) (0.734) (1.746)
AN} 4306 3.517° 53377 2.871
(1.57) (1.384) (1.542) (1.785)
LR o 6.708""" -1.765 -1.241
(1.063) (0.933) (1.883)
5 salic -0.854" -0.039 -0.112 0.875
(0.377) (0.371) (0.11) (0.507)
=k B -0.01 0.048 -0.004 0.041
(0.033) (0.052) (0.018) (0.023)
TR -4.881™ -6.395™" -6.560"" -2.874™
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(0.239) (0.509) (0.33) (0.716)
& -0.020" -0.007 -0.0317* -0.015
(0.005) (0.01) (0.006) (0.011)
FEE 0.262 0.654 8.879™ 8.704™
(0.394) (0.469) (0.388) (0.441)
HAERRE (REE) 36.246 9.881 37.24 11.447 23.908 5.627 29.296 9.309
mALRR 51.774 51.455 53.453 51.181 48.239 45.564 45.715 33.185
AIC 42407.186 8574.352 45939.351 10631.476 41939.016 8428.183 44905.25 9972.235
BIC 42427.373 8589.764 45959.764 10647.534 42013.034 8479.555 44980.096 10031.112
Log Likelihood -21200.593 -4284.176  -22966.676 -5312.738 -20958.508 -4204.091 -22441.625 -4975.118
A ¥ 6179 1258 6662 1560 6179 1258 6662 1560
= Y i 152 16 163 23 152 16 163 23

* p<0.05, ** p<0.01, *** p < 0.001
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26T E S R EF RS

Bk Model 1 Model 2
£ E -1.779™ -2.596™
(0.065) (0.072)
FEA (4 ol %) 0.626™ 0.567"
(0.104) (0.060)
P -4.275™ 0.388
(0.486) (0.679)
w5 -1.531™ -4.520™"
(0.175) (0.485)
Hadic -0.313" -0.053
(0.105) (0.028)
LApES -0.029"*" -0.011°"
(0.003) (0.002)
.3 0.004 0.008™
(0.003) (0.003)
E -0.001 -0.003"
(0.001) (0.001)
B FIpE -0.159™" -0.153™
(0.011) (0.009)
AIC 10457.118 10459.102
BIC 10523.679 10528.625
Log Likelihood -5219.559 -5220.551
Deviance 10439.118 10441.102
¥ A 12036 16726

* p<0.05,** p < 0.01, *** p < 0.001
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I FIo B B e | 225 P RIS RS R AD10I2 7 -
HRRL > AERIEM L i#k:-0004 & 7 EFIFINS NEFRI|F n b
BHi e 1 K BT g % 5 R A0.996 & o A B FIFEGRIA
bR ATARELIF M i licS % 5-0.505 0 £ 7 B B SLEER{4r 1 A48 0 @ FTaS
EHERAD0603 8 AFRIFMRY NGHRLE S 50201 > £ 7 5D FIEEH
fvl Ak BITehi S g R L R AG0.747 B o
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T
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*1% R

227141k R FE S

% ¥ Model 1 Model 2

B EE -3.387" -3.133™
(0.102) (0.086)
FEHE (4 B 3%) -0.586™" -0.224
(0.175) (0.119)
NPk 2.835™ -0.737
(0.628) (0.798)

w5 1.176™" 2.882™
(0.356) (0.604)
it 0.402 0.009
(0.218) (0.032)

B 0.037"* 0.024""
(0.004) (0.002)
a5 0.012" 0.003
(0.004) (0.003)

* & 0.000 -0.004"
(0.002) (0.002)

% B PR -0.505™ -0.291™"
(0.019) (0.011)

AIC 5598.845 7623.116

BIC 5665.406 7692.638

Log Likelihood -2790.422 -3802.558

Deviance 5580.845 7605.116
&k 12036 16726

* p<0.05, ** p<0.01, *** p < 0.001

77



45 | B o

FEIHFTHEAAEN RS s BRI s 22 B g
B R RS R A HF > B AR EFER(TT) ) 2 (8 Z bR FIpEL
B (HS) » B %W FEH) TR & “iéﬁﬁfﬂﬁ¥’£{4 Bl

Werk k¢ R EP BB T AAAR A BT REE Y PEELP
&W{T@%J@%QW%i\ﬁﬁﬁ FoiFerkng 4 > FP R E DD T
FARF > TS HEF O EFS o bAoT A EH R TR B %
PR B TE IR AT S e AR o

BEHDC RS o TR e BREGEY 22 B~ Y 5

IR IR B b AR L BHS)B A AR o B Ak

FREFTT)FHNEY 3R Ab B Y EAGRDERET I 304 £ 4
ket ¥ ¥4 ARBGHNE Y FIRI AP AR SRR Y IR D A
Big ot ol o e At BTAREL AR e 252 fAp P b ERat e b T G g TAR
FE R oo AFTNE S #&%ﬁﬁ&ﬂ?ﬁ%%F¢%§25$%’&%@

BIpSAe 252 S Apke nEEE K G R BE LY 5 L AIRAL 304 £ A R A Y
A ARG EEfod @ Loy o
AAHIER D GPIERITHFIREE A R A TR P T U I 0 AR 0T

BEART i IR FI E R B EITA AR A 4 VR GITEEE Y L F T
BEL B (HS)R B o 7 2 Byl iz Ma 2 > 28 %0 3 £ 2

LHFF VRGBT E A RHDEF RGN B E K
R ART IR E i A R b b AR T 08 FIEGER AT A

ERFREhE IEC A

78



5 T = P AL I s
13 FwmBEER

51 %3

kFT% & % BusEvent # 8 F 3 R4 TR AT 0 31 H N B RE A ~ b
HFPERE(TT) ~ B 3pe L B (HS) ~ STEE(H) > 7 9065 AR M B R AR 505 7%
FHEREDRYy o AL DT LTS 2 PFSE - SRFLEH)R R DR AR f#
TRIE L e U PR R TR S E T L ER
RAAGZADD AR T NI RETIAE o Bt N | Trrgpig &
B ABREEFAS > 2T EX L A 40T

1. Fippah% R Kk
FIFE(H)AL & £ 5] T CiGsb A A crersipp 2 8 (T 2 s1pR 4 B | 180
Bo Fla bR ¢ chizd g ﬁﬂi%%ﬁ‘ﬁﬁ%@)ﬁi?%&%%

FER Bl A3 7 228y LR EY) 2R E 5
:ﬂﬁ%%ﬁ%@Zk’g%ﬁﬁ@wﬁﬁiﬁﬁﬁ B RS

Fehd g 20 2 SRAEFFRETF LS00 2m g4 BT
A0 T IEFEEATARS > RFIGEL ¢ R A 0 ERARL G Db
FIFEAR A fE % o BEARF B PFR § FLA RS Zyp 0 R A AT RN £
DB ITEE § A2 - TARR Y iR A 0 HRE - sISt e B SRR 4
RiC o AP UFHFIE OF I FGRTL AR B - 1d T
FIFEL | FEH E - BUTLAF B FIE L Ty A f o

2. Fijpper 7 BBl G

FUE(H) oz B BB E B -9l £33 22 &% - £ 3 8%
MG A RPLSER  ERPEREFER(TT) > #1851 enzp
@ﬁm%@§§$@ THEA B (HS) > s FIREL BRI B
B R RS B EITEEH) > FI R R R B R AN e g A
7 ;%;Ti’f R VI R Sk XL PE-R T W A
Flch ) o TEY ) PRSI RIS > ARG

*@?ﬂ”\ﬁﬁﬂﬁaﬁfﬂmfﬂ R RS
BN RAed a2 Vs B A LA RO BEE LR

79



5.2

P i

EF¥FRIEFFARBRE 2SR T o MFV UBEHER AL
frt S FPPFE M MEPHT LARAE APRPE 3 TG e Z-
L.Ma et al. (2015) ~ Mazloumi, Currie, andRose (2010) ~ Strathman and
Hopper (1993) ~ Abkowitz and Engelstein (1983) '+ 2 & ¥ % #ic¥ i % #icz
FRRGE Y BT B R I I FEEL  FIREGRT Y R o

BV i

il EHT LA DR Y U L RSV R T o R AT
v A RE LR A RERRZ FOITEEL BT R B LRGSR
L&fﬁrﬁﬂ”ﬁ’f&ii%ﬂiﬁ&&@iﬁﬁﬁk$ﬂﬁﬁﬁiﬂﬁ°£
EATEE R AT TREEEG - 23 L% BEE L HNRM
fetiz o B b BFEL BHS)RERX TP LR - B3 Fafe
RAFFEEXP AP ITEORIRAERY I ER 7 i §
7 ARLB

PR OB FIEER ITY SIREE & B R 4R

A ES T UG B BARLLS OTIEEAR T 5 M@ IR A B A FTA
Syt A 2 o T URE GITRER Y L IEL R(HS) R R F o L
NP B EEBAWFINI R TG BT AAE DB RN
BT RPN o BT R R AT A F e i R b s

BERpER . EH ST RV A TG G e

=

&%

R HAE N E AT PR BT R AR AR FE AL

RBUPSTL L o 4 EPTR S RIE Tk 0 ] T R

B e
1.

s TITEA KA £

ST
AEF R RAGRIFR 252 EAIFM 304 £ E e AL
2019 & 12 % 5p ~12% 6P ~127%9p ~122 10p ~12 % 11 p &=

I-u\

A Ep B PFRTL AL c RERBL 20 B S

80



P2 AFREE RPN TARSEE  ERT UBEFY
LR SR T

I

AP LFTEEGHCN L g e R SE e T B M R chp By M
WAT Tl AT e T 1] LB R TR K
EEIESRT Y NV L RER Y LB PEFY S AT @ LR

Rl BV AL SR AT

B R
AT TR T BB 3 AT A Gk

BHITL AL RE A AL § OB pd g
gl 35 SLESR U B S A I . B
-

SRR SRS S R T 6

5 .

GPS = #

m%%%%%ﬁﬂﬁiﬁﬂkﬁﬁﬁ&&ﬁﬁ%kﬁ&ﬁﬁi%@’E
B RS OEFE 0 Ao S iRG B e AT P w4 GPS a0

mﬂﬁm%“%@ﬁm”T‘@%§¥§iﬁ&ﬂw%mﬁgoﬁ@i
BIRAAEYE > R A KT A e B B A5 404 GPS g & eig i
8 - e r o 1 T\F‘}——m_g— Tl o

81



54 2 e

Abkowitz, M. , Slavin, H. , Waksman, R. , Englisher, L., and Wilson, N. H. M.
(1978). Transit Service Reliability. In TSC Urban and Regional Research Series.
U.S. Department of Transportation.

Abkowitz, M. D., &Engelstein, I. (1983). Factors affecting running time on transit
routes. Transportation Research Part A: General, 17(2), 107-113.
https://doi.org/10.1016/0191-2607(83)90064-X

Allison, P. (2012). When Can You Safely Ignore Multicollinearity? | Statistical
Horizons. Statistical Horizon. https://statisticalhorizons.com/multicollinearity

ANALYZING TRANSIT TRAVEL TIME PERFORMANCE. (n.d.). Retrieved
September29, 2020, from https://trid.trb.org/view/202380

Beekhuizen, J., Kromhout, H., Huss, A., &Vermeulen, R. (2013). Performance of
GPS-devices for environmental exposure assessment. Journal of Exposure
Science and Environmental Epidemiology, 23(5), 498-505.
https://doi.org/10.1038/jes.2012.81

Bie, Y., Xiong, X., Yan, Y., &Qu, X. (2020). Dynamic headway control for high-
frequency bus line based on speed guidance and intersection signal adjustment.
Computer-Aided Civil and Infrastructure Engineering, 35(1), 4-25.
https://doi.org/10.1111/mice.12446

Cats, O. (2014). Regularity-driven bus operation: Principles, implementation and
business models. Transport Policy, 36, 223-230.
https://doi.org/10.1016/j.tranpol.2014.09.002

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. In Statistical
Power Analysis for the Behavioral Sciences. Routledge.
https://doi.org/10.4324/9780203771587

Deng, T., &Nelson, J. D. (2011). Recent developments in bus rapid transit: A review
of the literature. In Transport Reviews (Vol. 31, Issue 1, pp. 69-96).

Routledge . https://doi.org/10.1080/01441647.2010.492455

Dueker, K., Kimpel, T., Strathman, J., &Callas, S. (2004). Determinants of Bus Dwell
Time. Journal of Public Transportation, 7(1), 21-40.
https://doi.org/10.5038/2375-0901.7.1.2

Eboli, L., &Mazzulla, G. (2009). A new customer satisfaction index for evaluating
transit service quality. Journal of Public Transportation, 12(3), 21-37.
https://doi.org/10.5038/2375-0901.12.3.2

Fu, L., &Liu, Q. (2003). Real-Time Optimization Model for Dynamic Scheduling of
Transit Operations. Transportation Research Record, 1857, 48-55.
https://doi.org/10.3141/1857-06

82



Hofmann, M., &0O’Mahony, M. (2005). The impact of adverse weather conditions on
urban bus performance measures. IEEE Conference on Intelligent
Transportation Systems, Proceedings, ITSC, 2005, 84-89.
https://doi.org/10.1109/ITSC.2005.1520087

Janos, M., &Furth, P. G. (2002). Bus priority with highly interruptible traffic signal
control: Simulation of San Juan’s Avenida Ponce de Leon. Transportation
Research Record, 1811, 157-165. https://doi.org/10.3141/1811-19

Jarzab, J., Lightbody, J., &Maeda, E. (2002). Characteristics of Bus Rapid Transit
Projects: An Overview. Journal of Public Transportation, 5(2), 31-46.
https://doi.org/10.5038/2375-0901.5.2.2

Luke, D. (2004). Multilevel Modeling. In Multilevel Modeling. SAGE Publications,
Inc. https://doi.org/10.4135/9781412985147

Ma, Z.-L., Ferreira, L., Mesbah, M., &Hojati, A. T. (2015). Modeling Bus Travel
Time Reliability with Supply and Demand Data from Automatic Vehicle
Location and Smart Card Systems. Transportation Research Record: Journal of
the Transportation Research Board, 2533(1), 17-27.
https://doi.org/10.3141/2533-03

Mazloumi, E., Currie, G., &Rose, G. (2010). Using GPS Data to Gain Insight into
Public Transport Travel Time Variability. Journal of Transportation
Engineering, 136(7), 623-631. https://doi.org/10.1061/(ASCE)TE.1943-
5436.0000126

Noland, P. J. W. (2002). Travel time variability: A review of theoretical and empirical
issues. Transport Reviews, 22(1), 39-54.
https://doi.org/10.1080/01441640010022456

Schipperijn, J., Kerr, J., Duncan, S., Madsen, T., Klinker, C. D., &Troelsen, J. (2014).
Dynamic Accuracy of GPS Receivers for Use in Health Research: A Novel
Method to Assess GPS Accuracy in Real-World Settings. Frontiers in Public
Health, 2(MAR), 21. https://doi.org/10.3389/fpubh.2014.00021

Sterman, B. P., &Schofer, J. L. (1976). FACTORS AFFECTING RELIABILITY OF
URBAN BUS SERVICES. ASCE Transp Eng J, 102(1), 147-159.
https://www.scholars.northwestern.edu/en/publications/factors-affecting-
reliability-of-urban-bus-services

Strathman, J. G., &Hopper, J. R. (1993). Empirical analysis of bus transit on-time
performance. Transportation Research Part A, 27(2), 93—-100.
https://doi.org/10.1016/0965-8564(93)90065-S

vanOort, N., &vanNes, R. (2009). Regularity analysis for optimizing urban transit
network design. Public Transport, 1(2), 155-168.
https://doi.org/10.1007/s12469-009-0012-y

83



Wirasinghe, S. C., Kattan, L., Rahman, M. M., Hubbell, J., Thilakaratne, R.,
&Anowar, S. (2013). Bus rapid transit - a review. In International Journal of
Urban Sciences (Vol. 17, Issue 1, pp. 1-31). Routledge .
https://doi.org/10.1080/12265934.2013.777514

Wu, W., Liu, R., &Jin, W. (2017). Modelling bus bunching and holding control with
vehicle overtaking and distributed passenger boarding behaviour. Transportation
Research Part B: Methodological, 104, 175-197.
https://doi.org/10.1016/J.TRB.2017.06.019

FIshmk, &% p 2. (2006). Refrigis o @ &% g F s ect. f10 2, 20(4), 42-
68. https://doi.org/10.29774/UT.200601.0008

HRA  RiRa S MEF S EheF o HREE ¥ T R £ kT &, (2010).
FFPif FELIRTFLEF . A %‘35@?}? T AT

B AGE . (2006). /58 RILHTRIL D E LR

BAGE, &FRabrz. (2009). F K BRI 2 PR K ARUMEESY R R A R R
+ = F %A, 19(2), 263-293. https://doi.org/10.6226/NTURM2009.19.2.263

AR FRA R AES AR FES &2 3 L4 (2004). 2P
EICH N

84



