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Advanced public transportation systems (APTS) using transportation management
and information technologies to public transportation systems and the purpose of
advanced public transportation systems is to increase their efficiency of operation and
improve the level of service. Therefore, how to apply advanced public transportation
systems in predicting arriving time becomes one of the important issues to improve the

service quality and operation efficiency.

This study aims to develop the dynamic bus travel time prediction model in
considering delay of buses at the intersection. Traffic signal program in variation of time

and space is both included to calculate accurate and reliable bus travel time.

There are two travel time prediction models under study based on prediction
segments: (1) Kalman Filter model for short headway prediction that less than 15
minutes and (2) Discrete Fourier Transform model for long headway prediction beyond
15 minutes. The result shows that Discrete Fourier Transform model has more accurate
outcome in weekdays or off-peak hours in holidays than peak-hour segments, and the
prediction model has the better performance than the existing algorithm model applied
in Taipei City. Besides, the result shows that Kalman Filter model has higher accuracy
when prediction segment is longer than 4 hours, which indicates that it will show stable
performance after 4-hour period of training.

Keywords: Advanced Public Transportation Systems (APTS), Bus travel time
prediction, Traffic Signal Timing Plan, Kalman Filter, Discrete

Fourier transform
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BACE > T AR 35 BR NS LB AATERE R ik

BES 2@ TR L AF LR L BREEE A BELTEEAS

BB R ERE R ERER S EE Y 2 BRI R AR
B Et, o

5 B AT R FLA ;
“ERAA B ATER L

|

0 1 2 3 4 5 e k-1 k k1 k+2
tl. EQ

B 3-5 g = L A B
332 & EFL¥

1 Arfdagr i
EACEECEIRE FEORE SR E e S T ph S P
F 5 & = F s ac(Fourier Series) & * ¥ s B W 2 2mik ) e > B W Ak
FEROI 5 e

ﬁﬁ&&m?uﬁﬁﬁﬁ&ﬁﬁﬁﬁg’&ﬁ;aimﬁ#oﬁfg%

FARTE L AT E R o @ RN H L 2m A ik ) SR 2Lk )

Fefoid 2 F sofic- R 5 JEPF R (time domain) % 3 3 % (frequency
domain)su@ & > & 2 7 U * g o BB 5D BBy RS
LA AR U = rl il RS AL R B R F: R o e
M ;‘gtbfﬁz‘mmﬁfbp\ Z_HMEF BRI A T o0 IR 7 BL A F
AT e B ERBEHEA T A ZRFFETFOE 2 FEEZ PR 2
& 3% (Discrete Fourier Transform » DFT) » gt ¢F — 4k @ St = 4 38 5

AR A ARG E S &N R (TR v P 8 2 F %% (Fast
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Fourier Transform » FFT) 11 4% % 3+ & i &

Poid A B VR AL F Y B A 2% = 1,23, ..,0) % 0 Ay
B e PR d R TR IERCFRE A PR L
A L FAFLE S E L FRLEA (0 =123,..,m)E - A

B oom AEF L DB FRER LT )
SE T RO E S 0 0 R e L S Sl e o R
3

WA B (i) RAs e A e B 8 T4 i

W E RS RcE 2 R
Pf@ R[-LLIY 2P HPLIE LDk & ERK

L2 AfDldticac > BIF(E) et = 3 84 0 24 5

F{F D)} = F(w) = [ f(D)e 2™ tdt (3-3)

f)enik = F gL - BATR DI EF{f ()} 2 Sl bofks &
LF(w) o (3-4)58 0(3-5) Nt P! 4rfp 4 5 3 ¥ e0F () 22 PE R 38 ¢ 0f (£)
SRR (ST T AR RASS i TV S O F o
B EAREZ ¥

FFO}=F(w) = [ f)e 2mtqt (3-4)

FUfF ()} =f@®) = [ flwe 2™ dw (3-5)

BATE ERB P SRR RORAT FR MG T W
FNICE - E RS o

FFOEF P2 e o P nN Bl A T HERT T IEAE

FRAHE o BT RO i s FRE TR L
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F(3a) = 3 £ (kyeizmin/v (3-6)
He

n=01..,N—1;

4 (35)58 21 (36) bl Y FALL o= (kAD) 0 ¥ HE = ik
HEE) Tz B ERH o vi- 2 B R e J R F %5 AE e
PER R R LRGN S A 2 2 R

fkat) = TINZF (o) e/ (3-7)

He

k=01,.,N—1-
AF( ) E A
n n . n
P () = R () + X () (3-8)
i%&%@@ﬁﬁ@&@ﬁﬁﬁ%@#ﬁ&i’#ﬁﬁﬁﬂmﬁﬁﬁ
FRFAEE TS TR B NE LT e A
VERERFREERRRE -

PIE R Ap i & ¥ & 4o

i [ ()] = (R () +x () 39)

bt () =X ()R G2 61

(3-8)5 7 c &

"~

P (5 = [P (Gl (cos & (55) + £5in & (557))

= |F ()| e =k, (3-12)

#e(3-11) N &~ (B-T)R ¢
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f(kAt) ZN ( n ) lZTL'kn Z F gl2mkn/N (3_12)
B NAt n
BB ST RS TRER Y ERS TR AT LR L

Aenjrtg Ap & (S ety A3 > PP REF-BFLEFRFB T -
333 a—B -yt B & #HN

APy HEIF R ,;@,gasgJfé,uiﬁg;@%';ﬁg%augfgﬁ:;u » i T - PF
Fpz o Bcia @ > Dt TR AR WRER D BUEF2E o
DB LEREY 23T 0 15 AT EAFE Y EHEY 15 A4
30 4 4By 45 A 4B 5 TG PRI o kT 2 AT R Y 15 24k 30 A gh g
455 dh2 N B REEEREFRERT - FHL 2 EFETA-R36ia—F—y
Tk BN ERREA o
(a) BR=EFEEIBRHRFALFR HEESABPRFL PR -
FEats 3 TI%E'?:‘FE“%?] »iEE AR PR LR R BRI > £
ty > Bla—B-yRk BRA- BRERARTEG  EEE 4B
Ppz s IR B L, o
<b)&aﬁﬁ%*$4@%wéi%ﬁ’ﬁf@¥S%wiﬁﬁﬁﬂ°*F
TWF 4 BERE > FLRERFEF Gt ts> B8a—-BL ViR
%Wéﬁ—w&ﬁﬁﬁﬁﬂﬁ%’f@% [ R el e A TR o

@)@ﬁﬁﬁ’@zkﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁx K i B P 2 (7 ¥ P A

&k
f'l‘)
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(a) B4 B AT I B FALAE

TEAEAL FAIRATHFR] t,
15548 15948 15548 . " Ny 15548 155048
0 1 2 3 4 5 e k-1 k k+1 k+2
t t, ts i,
(b) oyt 45 5 P "
HARATIRE  Saniran b
155048 | 155048 15548 » ) i 5 159048 155048
0 1 2 3 4 5 e k-1 k k+1 k+2
t; t, ts ts ts
() 25 PR AT 0 R FA 5 Jup
157058 159048 159048 » 5 e 15548 159048
0 1 2 3 4 5 e k-1 k k+1 k+2
ty ts ts ts ts ter te b fero

334 + R it B

1 AAgEsge

4§ RS - FERE L et o N B ato e deke ks R
B F L FHRARBIE B A Ak & RS 2 BT

eify it (Kalman,1960) - 4c ¥ & — A4 PF & & 7| (discrete time series)

X1, X9, X3, e, Xp 0 B ¥ X1, X, X3, v, Xp B0 BLIR] K SLERF 2 BLBIE 0 RI¥

PR B3 BXF 27 5 X = Elxg, X3, X3, 00, X | 0 TRj 2 t2 RSB R
VAR TH= fé 25
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(1) #j=t sz A5 R filtering)iBAz » T B w0 gy k2

X'

\5 o

(2) #j<t P2 AR5 T (smoothing)i 4z - T d p A pF R k2
fadifo L pralj2 sk g o
@) wj>t AR FL5 3 7 (predicting)i e T o A R F aw 2

FERAFNA R FEIREB AR LB - B L
fo kb festa kstaet > AR FERBE A B E W AT L AUk

RN ha—f YA BT R RSRE S BATERTRERY
- BB RA =2 o d N AFE T ET R F AR RN
HEra—L—yipABEAFFEFE RAZE > Na— B -yt BB
AR ERENER R a—-f-yRAEF FREA D LEL0E

RIFE S LB ST RANS R AN RESEF T L

FAL EEH A (AT MRS R - BRAEAET R B2
EE

MTALFE AN frAP LR Fa—F—yipk & -
+ & Rk kst

+ & gk G AR BN e BRI RN B ki
Sdico kR L TOETL T  RERL LB ]2
Ff3T - PR R ERE B fe SRR AR D K AR R R G R

A B OO 2 B G2 3L T 3 foalp 2 8 5 &)
minJ = £|[0(0) - 00]"[0(0) - 60| (3-13)

P05 FEREFF L AR R EE s 0(t) 5 FERERF 2 R AR
RHhiEHE -

40



L ¥a e P(t) = E [[B(t) —a]'[e) - @(t)]]iif B0 pt i en
A e B ARk B e

Bk — AR EAC B T A 1k UK iR 3 4238 (State equation)
fe % XL & B> 42.5% (measurement equation) # 7 4o

gruk AN 0 =x@®)0(t—-1)+n(t— DR, (t—1) (3-14)

SRR AN T y() = m()0(t) + Ry(t) (3-15)

He 5 0(t) 5 StEIF2 L3R S8 y(t) s Serrr 2 s g p
Eox(t) i SepErbz sk i Gl n(t— 1) 5 #4098 Gl m(e) 5 £ R
Gl Ry(O) 5 StpFprz e L S Ry(0) 5 $tpErez £plien - £
B oo FR,(6) = OR) k5t i miemmeng o] o T L kAR A
(1) Ry()FrR,(t) ¥ % v 323 42 (White noise process) :

E[R, (DR, (D] =0

E[R,()R,(D] =0Vt # 1
(2) Ri(®O)FrR,()s ™ 0 % T3ofk > & 5 FTE R #AE Loy ArE 8

#2 (Gaussian process) » ¥ :

E[R, ()] = 0+ E[R,(DR," D] = r1()8(¢, )

E[R;()] = 0 » E[R,(DR," (D] = ()8 (L, 1)

#5568t D)% Kronecker deltar &t =1 R|6(t, 1) =15 F 26,1 =0-
(3) Ri(O)fcR,(t) & phot bz g 8:E4 » ¥ ¢

E[Ry (DR (0)] = E[R,(D)]E[R,(t)] = 0
(4) Rz ddppk i iEx(0) 7 ¢ T o R EEL 2 B AT R

WP

E[6(0)] = 6(0)

Var6(0) = P,
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He o MG Tk Ppa?hf T2 4 o
+ & k2
FEmAE i - ERP AR P ERAT AR
(prediction) ~ ¥ i (correction) 2 { #7(update)= ¥R 4 » =B iEAE? Fp v ~
R E{ATIF IR o B2k i 4-80(0)f-P(0) > F£iEHF = £ P48
2 EplEy() (6 =0,12,..,n)» &5 - EFRERk i mA E0( — 1)
T A e LAEEP(E— 1) @ F 3 E A ERR G uR BR(0) %
AR et 384 S 2B P() o + § Rk w82 AT
A(tlt) = 0(t|t — 1) + K(®)|y(t) — m(t)8(t|t — 1) (3-16)
A(t + 1|t) = x(t)6(t|t) (3-17)
K(t) = P(t|t — 1)mT ()[R, (t) + m(t)P(¢t|t — 1)mT(t)] L (3-18)
P(t + 1|t) = x(O)P(t|)xT(t) + n(t)R,(t)nT (t) (3-19)
P(t|t) = [1 — K(t)m(t)P(t|t — 1)] (3-20)

A4 ER T 0(0)=M> P(0)=P, -

Hodoo f(t)t—1) & 7= 3t @ O(e|t) B FF 2 om R B F
y(0),y(1), ..,y —1DT » FAREREIOLFRE T - FFERE
(one-step ahead prediction) ;o @ G(t|t) % 77 >t w0 t PEFE 14 A0 crpLip] | B
y(0),y(1), .., y(t) ™ » & Sk i R8Ot is 2w TRt 72+ @ (filtered
estimate) | -

TERASFALRASSAREFTENT F-HEEERA SR
HeirE - HEREEFG O EFRERE - &+ 8 gk gk 2 5°

» W F AR K(k)d (3-18)5  vhax 3t F o @ (3-16) 8 ¥ ARt i Bl B
O(t|t) % > 1558 B ROt — 1) 4 i & 57
K(t)[y(t) —m(O)0(tlt—1)| > ¥ > y(£) & F % eREFFEEFTHR R E

VR R R R Em@OAt -2 B AL
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ly(®) —m(®)0(t|t — D|EF t= ipl B Rl 235384 o t & Jhk chif 2
AR R SN E T B EO(E 4 1) Tk Sk G Gl (t) o
a0 TR E ) RN AR EREIE R B
oI R P ARNTE LR ERG B FlipkdtE oG S
WERIE KRBT GIFEL o
B A ek Ex(0) ~P(0) 0 R R T T AR 2 RN RS

2 4o 37 #r

A e x(0),P(0)

K

4

A

RN O(t+1ft) = x(t)o(tlt)

v

FRELs £ Pt+1t)= xO)P(tt)x" (t)+ n(t)R,(t)n" (t)

v

B ESAES 0 K()=PEt-1m™ ()R, )+ mt)PEt-Lm™ O]

#

Tk AR (‘t): (

-m(£)dtft—1)

Tk A L P(tlt)=[t- K (t)m(®)P(tt-21)

N : Rt PFrEdk

TR &R 1 %1 (1992)

DESARR Y VR =R )
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4. a—-p-yiritE
a— B —yihk BAS kSR SRR BRI Na~fyA
WA T BEHE R R frdeid B2 ik T lc s AHD RBERT R LR
Flryt e * LERIEI It - LERIBRT FI EHF 250 w3 he
ok Bfotci B o a2 ke R AR o
Bk kSR e IR BRI By (1), y(2), .., y(@) 0 EE2ZE
BE G
y(1) =s() +v(t) (3-21)
Ho os(t)s $4eid 2 REH S WP v(t) s BRlfen £
SEW2()] =r2 FHEe A i - Ha it T2 LS EE
RISy (1), y(2), ..,y E8s@)E T RA B o §F tFF TR

T RIT ALY R B S s (E) T T T S

s(t) = s(t — 1) + Is(k — 1) +§§(t —1) (3-22)

'F%'F A dEiz sk AT RS

6(t) = x6(t — 1) + nRy(n— 1) (3-23)
s(t) 1 1 & 0

FoOO=3Ox=lg 4 ’n=M CR(t-1) 5 £
(8 00 1 1

E[R2(0)] = e B #5i6 se5t > - By ¥

s(t) 1 1 EIset-D] 7o
w@W)rT 3O =, 4 ; s—D|+]o[rRy(t-1D
s®] lo o 1ll5¢-D] 1

34 FHAS
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Ao TEEW BEFHENIE R PHF D P r BEFTHE Fpragzafrad
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PR R ZBERE > ZAFTY AR LRy BT AFr TR
FEEAEY 5 W5 HR 0 fHrl- LT v BE PTG FRE CERE
Y GPSHBFEERERT RIS FIU AP D R SRR 2

v R R R

AER LGSR E T AR LT U E 0 2 BRESREFRER o ’
RS REAZ AE L*%#\é’i TR ZE R AR > TRy GPS w B2 5

FRIBG 2D VI RBEHE I 2 FEEE c RFALI BT B F @0 A U
BEFF R Bk L TR o e T MR B B b

LRI o R AT S ) ERP e T
341 A E

Bk ST GPS LA T 5 TR > B A4 SR (b4 0 B
ST s fethos Rk d )Y B E A EeEa A 2 jeid o bl L ¢ 4 GPS -
AA A2 TP AR GPSHL BNRBL - Ea A4 EH2Z RG> £ HF

B P L F b DA -

RET T R 0B ARG D MRELE > S WA P PBIJc GPS SR
A (TREL T S R (TR B A B R R RE R 0 K- GPS KA

ot d Avig B2 B AR L 0 BB M AR 2 FEARIT LY
©3z L2 JEHE

B fhfide S N A HERAAT IR T M RS 0 L BB 2 GPS
SFRFEFIER AN > RELLAE - g 2482 ¥ ELa gL
2B M ARG o ¢ A B SR X )R BB SRR (X, Y)) ) RILES B
2B MR ARN G

aX+bY+c=0 (3-24)
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BEFRPLARE LT EDREFRPFTE RS AR 2

Hoow ed AU R BB (mon) o RIEEET E M2 £ ARG, y)P E 2 2

. v

E
_ (bD+ac) )
*f =~ s (3-25)
_ b(x—m) )
yf = -2 (3-26)
_j_:i ¢

D=an—bm;

xf : GPS g 2 & L A4 ;

yf © GPS s/ 2 & Rk

Beis o d TSR SRS AR HA SRR 2 BOEEEH L < TR F 2 -
Ed LEOR S PEAKEZ CFRAE S S A BESRE S BV E e

b R 2 BCERRYE o

A¢p = (x, — x)m + 180 (3-27)
AL = (y, —y)m + 180 (3-28)
AG = ZSin_l\/sin2 (%) + cosgscospysin? (%) (3-29)
d = rAé (3-30)
He

d: skt = FIEEY S

re o zfE s 6378137 m o
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TEREw - EEFFTEE > FF LR E T TRy BT
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o §- TR B AR

AETELZRE S N5 E 48 GPS = 2§ B Ak B2 BE
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343 FHEBRE

BA TGRS B TS A RRRERETIREL S
BHFE-LFLFHEHRIPBTRrOEF 2l EFER)DT
FiEE > 4r@ 3-8 ()T FmE M IER AR EFREFIE G Y

RASFHREF FAER > 7T H2 B ¥ 602 527 LenBihB % > 4oF 3-8(b)
BT SR o

FTHEA L ESERFPER - PR 9 REFRTHR 1 RFA L
HATFA PR 0 T - L PR T - F HGTEORAp L 0 I REFEA

2 PR R 2 TR T

(a)

15%’} 15%”/ 15%”/ ...... 15#,1}

P« 1 ) P 2l >l >l >

(b)

457f/'/ ...... 15?/

S T

FEAE TBAT

A
A
A
A 4
A 4
A 4

[N

B 3-8 FH4E A

FoAHEE - LFRARG R AeT - LANTER 12w B AR

Fh LM TR PR LEES Y 15 45 0 PR LiEr 15 45 L B E

(Ten _TS ar )
Ninsert = % -1 (3-31)
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Hoe ,

Nipsere © 2240 8hjfois d 8hj + 12 B 473 TR 2 £ 805

Tstare * A2 40 BEJEPPE R S

Topa ° & % BEj + 1erpE Y o

RHZEHAT Lo 355 L4 TR 24 - P B A B 3 foF

- LAGT R+ 1ehiz B R L e TR TR LHGH L I LG

— (Pend_Pstart) -
Dgap B (Ninsert+1) (3 32)
#e

Dgap * * L4548 T A 40 IE2 BEHE S

Pstare + AZH-BEj iz B

Popg = Sk BEj + 11§ o

1 T ALEAT P i 3R E A B e K B + 12 BT OREA B 2

PER o

i = Tstart T Ninsert (3'33)
Dy = Pgtare + Dgap X Ninsert (3-34)
Ty = 15 X Nipsert (3-35)
He o,

kot AzdpBEjirid dEghj + 12 B eho k=1,23,..n
Dy : %kELFHROFTHIFEAM =]

Ty : $ kA FHNF R ER o
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BIAMTIEFRR BT AR Y PFALATEZ ALK F - BRC D
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o BB A s 4o 39 0 PR A=4npE R 4 08:00:00 0 pEE A 150 4 0 B

08:00:00 A= 4p-£52150 Fyh » H P4 fs 7 @ % prii— 2 R B f)

% 3-2 BRI A & 4

P £ Az b P F = SRR LEfHEK

BE-  06:00:00 2004  180# 1454 55 £}

BE - 08:00:00 1504 1454 100 % 50 #;
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PR b
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Bl 3-9 FLiEFE 4P F
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TR Z L FRFRE 4B 3-10
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BEHE( 2 <)

PR

B 3-10 HLiEPFHIE T & B

352 Rru SRR RS

é&ﬁﬁﬁﬁﬁﬁ%ﬁﬂﬁ Z B ARPBFRAGREAREARERF > 3%
NPk FRERIE G B BT PR B 4B 3-11(a) 0 42 F o ARITELBLIR - L
FRHERLRCBCERET > PR B TR A P flp B B Bt
BRI T 2 B LR F 2 > 4oB) 3-11(b) -

Tr =Ty + Dp; (3-36)

He o,

Tr @ BB EREERT

BB EERF o i=1,23...n;

Dpy @ Bav i af PR 5 i=123..0 ¢
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4.2.3 Signaldata
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FRErE P ERR S S & # b
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Offset int = 4 115
BaseDirect int 2L 0
Phase nchar(10) P 4R 00
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