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Abstract Public transport,especially bus transport,can reduce the private car usage and fuel consumption,and alleviate

the condition of traffic congestion and environmental pullution. However, when traveling with buses, the travelers not
only care about the waiting time, but also care about the crowdedness in the bus. Excessively overcrowded buses may
drive away many travelers and make them reluctant to take buses. So accurate,real-time and reliable passenger demand
prediction becomes necessary, which can help determine the bus headway and reduce the waiting time of passengers.
However, there are three major challenges for predicting the passenger demand on bus services:inhomogeneous, seaso-
nal bursty periods and periodicities. To overcome the challenges. this paper proposed three predictive models and further
took a data stream ensemble framework to predict the number of passengers. This paper developed an experiment over a

22-weekperiod. The evaluation results suggest that the proposed method achieves outstanding prediction accuracy a-
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mong 86411 passenger demands on bus services, more than 78 % of them are accurately forecasted.

Keywords

1 3l

il

B 22 5% v e s s A B TR R L B
JE SR BLAN AN BB AL L 72 A T — AR B S () R S8 5E 4 £ A
TH BB ZE Y B GR B ™ B, S0 HOM % A L BE 2 TR B fiE
T R PR35 75 e L MOR 5 | R A 22 908 0% i . A 35S
TR U 52 4 I 55 T LA 280 2% ik 3k 86 [ L, 0 52 iR 55
FEAT 285 1 M) P BT 58 308 82 i » 9ok 2 5l B FER 35895 Bt L JRIE
S A, AR R 12 B0 L R A I T ARG O (1 R 4 0
Moo SAN NIRRT IR 0 R Z B AT
PR, 2011 4E BN HY 500 J7 & B P 18 4 K 3 A A8 32 ALY
WA 330 2050 BRI . H T2 58 7 9 e 55 B i A7 15 48 5 L 3

Bus transport, Traffic congestion, Passenger demand prediction, Predictive models

TE T At N 28 25 I A B AT R 46 i A5 2 ) 0 3 A R B 5 19
AN, R A ERS AL ETRESITERZ R E N
5 Al T TH 30 Fe As N 2 . TR, A B350 A 1) 58 IR 55 A g
BN 3800 R R TR & W7 WA 2% 5 KAk . QSR 2 25X Fh 25
ML THE . DS ZNSEMRPHRET R DRE
A 25 A B T AN BE BB P A 28 25 . T HE G L IE I Y TR A
e SR I AT LS | A 38 0 R U E A BRI 48 38 & A i TR IR
F ELAT Rk A T & 1) A5 2R )L XS AT SR B,
SR B TR 2 R W E M AR ERDT 34
Pk - DA S, T E T A SSRGS 1T SRAEATF] 3 & AR [
TAEH AR R — R WA [F ) B A e 22 5. ) ® Lk,
AN U ST TR AR, HAR 2 A58 S & T

ARICZER ARRA IS A (61202111,61472141,61273152,61303017) , 11 48 44 #8525 24 B BT R0 H (J12LN05) , 1 2R 4 H SR B2 3 4 Bk
A& H (ZR2013FL009) L 40 & T RHE & J8 12135 H (2013ZH092,2014JHO042) , & R K2 124 H (LY2012023) % 1),
FBEWBE 981 —) L A B 2R, EEHE S5 17 8 W B R B8 32 4 E-mail : lucyzcj @ gmail. com; R BE(1979—) . B 4, @l #52 , EEHF 5

7 1) S B A2 4 5 U B PR A ST N T RE
PR B S Ab B

AR AL PR B SC#R (1980 — ), o, M, I B2, R RO 5T U 1) D B0 A LR SR



528 AN A A = 2018 4F
SREEERKM . SZPRELEIFLEO B AN EIEE K AES . Daganzo Z0V 5l —Fh [ 3% R 25 o A5 2 ok 14 1 2 2 3

SAAGAE . DM, e & x40 38 IR 45 1 T R A2 A [ J& 1 [+)
— TAEH DL B R — K B R 435 W 40 A7 A AR e B4 A DG B
S T AR S b g R 3 S Bk R 1R, AR SO T — A AT A RS
Do £6% 1) 3 % T SR O 2R S8 AN O vk . AT T S A GPS HudE
INZE ARG B A (NS & ) /T 23 50 S BT RS A SR B S
T TR HE S — A P 4y5h B i) 7 50 B /. A 5T R A
44 1 s ) 510 000 B AR L G B AR IR R R i RS AR 9 A A
RUAN 25 A [0 U9 8% 2l 7 249 60 A0 265 Sfe 00 2 32 19 4% v 14 T %

T LS A (% 3 5 T 2R T AT LA 2 58 28 R3S
Zik. AT HBITE M AR A AT HE AR SR T — A
R G, A DL S 1) 9 & T LA 2% 24 A SR AS N 38 SE AR
B RGN T A S8 s M TR ECH Rk 2
TN 2 U R TR A B L L BN AT S IR T X 8k ) 32 3 R
Bl o 38 3 AR A 58 4 0 A8 bR B A S I A S, TR T DL
T P

KRG R BT K2 AT A GPS %
I BRI AT E A FHL. APRAAH T HLELHAEN
SRR ZBIR AL T A 416 4> 38 05 45, 1326 4
ANSEREME B FRATH K R & — AR B AT T
. B/ 16 4 H BBIEHEIZRE 5 6 A A BB bl 1
TR ST A A . BB ST 90 3 ORI Bk 1 e A T oK .

ARSI EEBERA T

DAL 2 7 T B sh 2 H P I R A TR BN R 5. &
AL G IR 55 7 s 04 1% B BN 78 A BEORN 4 40 R ) LA R P G
)R8 2l i R T

DHR T 3 Fh I AR A 1 R IL T M A HE 4 ok T
W 3fe % 1 250 B A0 22 46 40 % B B L DG i T A% 3l 28 o T
B A P R

3)HEH TR B BT O v AL A B R AR R L &
SHTEUHLER 0] (39 48 56 4347

DB T —FERE SR ik, 7EXEEE S AR
A EERFF K H AT ERBNGE RS T — B, A
S F) R 3 8 R 0 SR AT B R AR R A L AR R IR —
o W AR AR B Pl 5 B B 0 SRR S T O R R
A,

ST 1326 A EAE 22 A A N7 A Y RSB
8,9 HAEZ A AR Android B 3 FHL L WAL % R 50, L5
SE LR %7 1B R Sl T A B8 W 46 P I TR T R

AR 2 HABTHENE T E S HARTRT =
BTN R S8 555 4 TR T 4 FRIUIAR Y 5 55 5 4R T AR
JEAHSCHE I s 55 6 548 T B o i N 5 58 7 1 R LS R
T 45 3 i S 9 96U T T B 0L 0 R s RS B A 4 SO B
Rk,

2 fEXIE

B A AR DA AR 5T 06 1 28 58 W 4% o (1 T 2 75 SR T . A

K TAET LIAESE S} LLF 3 A5 -

DR [E FR P 3 . Vuchic 5 42 H — Bl R K 5 X 5
T2 DR TE A B2 Y A 2 I () (6] R L AT B B R 68 Y 22 T 02

T AR S B A 2 Sk i EELAE ROk Sl A e e A B8 A R B
M) Yan 2585 51X 30 B 0 2k /4 Bl ML T SR B 5T T 1 e R R TR
FE 1 B AL SR X AP AR AR A 5 RTINS A IR A
Sy BT AR B[] BE R 7 R 22 52

AT B i RO, AR A SR TR A R A
F 5 i S B A A R M F A M. R, BT —
ST AR R 24 5 M OB, 52 B 3 LRSS 1 AN 1 E SR
), A8 4 B 3k B R A B T 2 L Bk K 1 Y . Chang
S0 T R AR S B VA B T — b 3l A8 8 R i M e
A S BN A S 2 A MR AT ] . Yu SRR T AL
SRR EAL(SVMD LA T2 W 45 (ANND (K 35 48 875 (KNND
A 1H (LR) 55 2 Fl 7 1 B0 45 15 i+ 18] L 25 JRAIE BT SVM
AN Xof 2 2% £ B 119 2 B Sl 10 194 5% 7R o [0 000 2 g e 14

3 ZZMANEE . S F 38 b % B A A M OC AT 5T AR
FE StreetSmart™ ), A5 75 4 i — A 3 B 30T H b 7 5 o
B b P, I FLAG LR 6 5 AH AR 09 29 . R, SCkC6 ] it &
TR AR . SCERLT B T — A G R 5
3 3 425 4 A% 1 G M B S USSR S R N AN TR . R
et PR 4k 1) 36 T 32 B i B 180, T A% i A2 3 A S
DM AW R T o & o 5 TR R D P R 4
SCHR L8 I8 T T — b b 48118 A8 38 T B 180 o HE AN 5 B AT o] f 30 3
Tl Bt B 55 B 1 L o 3 52 S s i R AT S A AL

iR kB E s S WA AR S S EEH.
HEFRMALEE ., HEF L REANREREZ
AR RN A B S S EEE . BT XA AR
TR X EE R E M RATATH ., AW FHE
e SR I W] LS Bl 28 38 W) U E A B 48 38 R i [ TR
W0 e 1 A L Bk ) DA 92 L 2 3 e 5 T B R

3 ETEWMWMAS

RSP T — AT = W B &R 58 T o % 3l 4 3
P AZ MG ReEToRE, RETAMT KR
GPS WAL HMEAA GPS UIRERI & ah FHL. REMER
miE 1 prs .

Bl REHESR
ERGALLE 3 AT LW 38 GPS BOdlE i L R 55 4% (B
TOMBIAE F o, o584 & b1 Jo 200 15 5 803l ik % 45
M55 445 o W55 i i 1149 IO FH R 7 Ak 332 BOHE AL 5 O A I BE BT A
AEuli AR B T R A . IR S5 e v 1] A 32 A R At e 7 0 A 28
I 55 4 5 5K 5 ) I 4 7% 2 28 P S 46 0 T TR RS 30 &
fFREMAWAEE . KB TIERE T L0 sh b )7 % 3



5% 6A M

JEVRH o 55+ 20 58 W 285 v 1) o 2 7 SR TN 2R G A0 7 1k 529

PR 5 % IR R B B B R CHE R . AT
IR A B RN — B IR 55 R U R T . T T SR T A AL 7
B4 TNE L 6 A A s & m R .

NREHER

AR BB 5 1326 WA %4 ,806257 A I/ F
VAR, S E S TR ME T X .22 A
B ASEAR B . RG22 4 09 e BE B[] L 6552 15 B 1) 43 oA 4 4>
BB (R R 5 mB B 9 s, B 9 MBI 1 Sl
BHEIFH 5 S P45 HBME 9 A, AREIREE 5 A8
P DAIRSE P busy BERAREHNHEB R T AL
H 251 free 7R Fe % M BUR /N F A 3E A &, park RIRA
AL AT FEAE R AR B 2 G5 0 8 5 2) A S8 HE AR 1D 3) B
FEAR AL 3 ) A B A RS 55) GPS Bl v R B A4,
3.2 HIEWMAEIEIES W

B 1A B RVECHE 43 BT LA 38 GPS B 7L ok
B TR 504 30 AT A 3L, B 5 i ok R e R Bk 5 3 & SR T
TG B TUAY BOHE , 3F FLRLFH 48 3T 25 O 3k %k 28 38 B0 kA7 T
Ve
3.3 EEANRNGE

1558 mUE SUR A BE B R Ry T B e e & i R LT EEAR
B Az R g K B 2 Y T (R 45D I 52 B T — B A [a] A 1l e
ERSMENAREZEYWEREFERETFHERE . BEH
AR Z2 B RE A ST O BRI 4 L S R T A T
BEM R A B SRR A I 2 () — B 2(D TR
SR ) — o A A R 3 ok e o T S S 0 B 0 B AR S AT
SRR WA 2(e) —E 2D iR,

PFRREN — A EERIE R BB T — KA AEH AT
GPS v . DRtl, 1 5 R R A% 3k 4 T 125 o8 22 R 26 sy 35 1Y) 4y
MES. ST HE TR= (P, iR R &1 dise (P,
P )<<6(1<j<m) Hl timeDi f f(P;-, ,P)H>c(HH, P, B
Fom SRV SRR RECH Lo o BRSO 45 B 5
B — MRS PR(P, .. Py, ). BRI AEEEZ
Ja T P AE R T — A (LR 2o AL 2(d)) Kk 7
B BB DRI 29 SR BT . 3 D B TG K 4%
BRI ER M RBGME THEERERENME. L
o AR BB Y T T SRS R o L A5 B BLE TR
AR SRR (PR VIS

3.1

P2 {5 AR I 5 o 1
AR BT D 3 32 00 3 A1 A I B V5 S 7 2 () I IV TS B 24
WM T ERAZE A GPS 9 sl 1% & X, SR, X 26 46t
T B 452 58 A IR oy T B 0 3 B A AR S AT TR R L OF
JE 2 FLIE R 5E
T U A I SR R A 0 A L AR SCOR ) — b M AR T A T
M TG A TP L TE RO A5 A . IR B IR AR D A

/N1 B4 (Minimum Bounding Ratio, MBR) , @1 [& 2 (d) — [#
2(e) 7R . MBR 3R # Be i1 - HE (MBRy) il 3% 42 1 GPS
W FAHE (MBRe) Z A L 25 2) - 86 B, 48 ik e vh 2%
7 5 BT AR (1 B2 8] (4 R T M 5 3) U BE B L R
EEEGE MBRe 1 H.O 1 o5 B B B 09 B B 5 4) B ] B, 48 15 5
BB ] B 2550 J7 SR AL 4R A 25 19 7 R 50 KA Rl P9 45 B A 8K
H;6)poi i, 4 50 Kl N FR & POI ELH .

4 TMER

ASSCHY B AR T ¢ I 20T oy A2 0l R s T BEIR AL b B
LHEMTEFEBHE . AU - T 3 RO AR A 1 Ah LT
B RIHESE.

4.1 METRMER

25 S8 WS TR A B A B2 ol AT n A S HEAFRE R ME R P G
WL TH RN A3 58 S
e ‘A"

nl

Horpr A R AE [ RE I R) Be P 3 75 % 4 22 Mk 45 1Y P 4 5 SR L
AW ERERT ARk, B oK A — A ] R A Ao, A
T I B 23 A7 AR 4 B FF IR . ACO I SR

AL = A1 8acor acor nco
Hf doOFRRTEB =B 2= —, ;) R0 ¢
ST J B4 ) B (O G, 254 A 30 44 4 g — A st T B, U Bt )
00:318 & T4 A m [ B, J 4, % ZE W2 T m w4

ila,.:mn'ilab_,:D
Hoh, D & —RK b ) B d 8 B A0 J& — BIA AL i 7 Y 7 2
W50, RN ¢ R MR X AZ AL CAn JE 75 /Y LR AR T R 20
D BENER ORES ¢ A B AR X AR Ak Chn i gD A () & —
AR, T 3R R A 38 0l a5 s v B AL AR fb 1 SR % T 5K .
4.2 INRLETES AR R

A5 9 P A R LTI T R TR] A 56 1 SF 35 3fe & R, AR
BA NI SN IRE T R ERAFN, Lk L REZ A0
ST T SR BT 28 ket 2 BAR 2 R AR ), L A2 i
P3G R ARG EE . A B 8 0 s A TR B AR 4 i A e 8 R
[, H A2 3 b R e % 5 ok i ST LA e F R oR A
ARG BEDT . AH G BE I AUME w SR B 4 1Y B[] 80 5 i ——
T8 BT 1Sk T o S

w=ax {1,(1—a),(1—a)?,*+,(1—a)* '}
Horpro A B AR B PR F T K B E e BT HEHE T K
fH 2 P e Ry BUE Y 0<<a<<1,
4.3 HZEBEEEBIHFHER

L 3 T R AR A 15 TR T B AR 45 A T SR A A TR A
AP LI ST BR 3 1 T SR AEAS R 3 5 R TR AR H DL R R —
R E R B AAETE 2 5. 256 A RS ) - X R a] L
AR - by A DL R 0 A i B [ B BRI A T I A AN
HH TN ) A H O AT T AR A% o 0 M 2 R [ 2 AL 1 D
JP 5040 A E e EF 5B 3T S E I E B DL K O A
G LA A FNEE 30 7 B8 A p A28 B 00 (6 7T DL 1R
7 52 TR0 R0 B AL 25 A L R AR SR R A A S A s
I B S ] AR b 1 I % T SR 1 A VR B IRDE B I Gk R T LGSR
RN

P(n;A) =



530 it LR 2018 4
R.=0+aX. . 1 +teX., o+ +¢X.,.,te, — 7. the prior pointer of A[j]. SP is set to A[i]. EP;
OXopr—0, X, y——0,X,,, 8. the prior pointer of A[j]. EP is set to Al k];
Horr L R, Rl e, 405 2 10 i 2 ¢ 9 2 SR B B 52 I AR R B ML 9. else if A[i]. EP has not arrived and there is no k satisfying the
B2 g (L= 1.2, p) I O, (= 04142, 1) S A (1) 2 KL F prior pointer of Alk] is ALj]. SP  then
e ; . 10. he pri i f A[j]. SP is se Ali]. SP;
B HET p B g 2RI E R BB R e prior peimter of AL SPHs set o AL
R . . , . § X . 11. the prior pointer of A[j]. EP is set to A[j]. SP;
R LA B A G B O i 15 AH O 8 K50 3 50 B ] 3 A el
S¢S AR AT LA FH Sk #2715 = 1 M [ 3 R ’ ’
SRSEAR AT L FHOR RGN 547 2 JR W 1 BRI B A% 13. the prior pointer of A[j]. SP is set to A[i]. SP;
4.4 BETRIAOMNESER 14. the prior pointer of A[j]. EP is set to A[k]J;
R 3 TR AR T A3 S B e R e 3 DA R e A Y g s 15 endif
AR AT I, B THIE O M EGHERBTER BN 6k 16. end for
KUATEIF A B . M= (M, , M, .- M.} TR — A4 17. end for

FEBT )P A AT A =« MR E S M, = {M,, .M, , -,
M., } 387 33 SO AR TR AR I 200 ¢ ) T — I i) B A T 04 B 4
BAEWWAE E, BIFEX0T .

z Mil o z
=2 b= Zen

Hor o AR M, AE R 0 [e— H o) PR A i ) B 95
M E, H 2P E LW sh&E A RN, B ER
S (1 B 18] B vh 2 32 808 15 B Re S 200k, PR G A ) o 1T B R
Wi 38 2y o DT R AIE 3 S B MU FE R — A~ H B[] B 4 IE 3 38 17
9 TG b PP TN 07 oA R L R R S 4 0 B R ) T O
2 B AL — X RO H 4 iR 22 (SMAPE)!

5 HNiREE

PR Hh A 20 T SR TN 43 AT U5 114 A 36 IR R
TE M Z A T 50 SR AU 43 A 20 B b ARG I s 0 25 SR AT AT
fili o 23 P ALV Al U5 L T e % BUH A e U A B
KGR I 20K LR BR . PR R R B IS 2 2 5 O
fiti A TIE S5 A9 L BB 252 S B 3 2 105 oK Y A P 8 R0 LR RE U
X SRR AP AETE = o, T A3 IR 55 T B AN F
5.1 MEFRRER
ARSCHE M T —Rh R T AR ] T R R A S R E 1Y
KF o Hh 737 GBS A S s TR BIA L AT Y
B WA TR R A 9 b 0, s B o % ofe Ak Y 2
AZELE Busl, WZ I (Y 1T 4 I (] 590 A7 it 78 AR L (¥ - 55
S o HR ] A G 9 O 00 B A e A T (] B O AR L R
() 5 s RS W — FR B 38 R (AN 2 1/ 38 AT AR 3 (a)
JETR T — AR B RLEE R % 5 R — A S BB, Busl #l Paral-
lel BG4S A, Hoii 45 % M5 Busd PCEL; [F) B, Parallel Fl
Busd B o454, 985 TS Busl UG L A9 A7 TR B2 AT A7 06
Bkl MRAFERA
Input:N:the number of passengers in the stack;SP:the get-on time of
the passenger; EP: the get-off time of the passenger; k: one of
the passengers that already in the bus’s stack
Output; The correct TList of the stack;string[ ] A
1. fori=0; i < N; i++ do
2. forj=1; j<=Nj; j+—+ do
3. if A[i]. EP has arrived and there is no k satisfying the prior
pointer of ALk] is A[j]. SP then

4, the prior pointer of A[j]. SP is set to A[i]. EP;
5. the prior pointer of A[j]. EP is set to A[j]. SP;
6. else if Ali]. EP has arrived and there is a k satisfying the prior

pointer of A[k] is A[j]. SP then

B2 RRHE AR

Input:N:the current number of passengers in the bus stack; SP: the
get-on time of the passenger; EP:the get-off time of the passen-
ger; k:the new arriving passenger; MS: the maximal size of the
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Output: “he correct TList of the stack

1. while k<<MS do
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14. else
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