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A Simulated Annealing Heuristic for the Electric Bus Scheduling

Problem

Student : Yu-Fang Chien Advisor : Dr. Jin-Yuan Wang

Department of Transportation Technology and Management
National Chiao Tung University

ABSTRACT

In recent years, as global warming has become more and more serious, our
government wants to promote electric buses in urban areas to reduce greenhouse
gas emissions. Because electric buses have the characteristic of mileage
limitation, which is different from traditional diesel buses, charging schedules
must be taken into consideration when arranging electric bus schedules.

This study proposes a simulated annealing algorithm-based approach to the
electric bus scheduling problem. We address a single-depot single-vehicle-type
electric bus scheduling problem with multiple objectives to minimize the
number of vehicles, deadhead time and the number of charging piles. And each
bus is not restricted to be fully charged for each time the vehicle travels back to
the depot for charging.

This study uses 95 bus trips of 5 bus lines in Hsinchu city to test the
performance of the algorithm. The testing results show that the proposed
algorithm can accept worse neighbors in order to avoid getting stuck in local
optima and can only accept better neighbors at the end to find an approximate
global optimum.

Keywords: Electric bus scheduling problem, Simulated Annealing
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20235 RH 0B PIT v 2 KR o d H 6 211 R 212 %?"Tf'fﬂlﬂ}gk
w AR 1 E R S \&111“7'5 FORfER 0B RFIR R K T 0 F B R fE
F AT VR R pE MR D - TR N R E L NEEE 0 e A
(R T SR S £l g mF‘*F’“ AH B A RBARREEFL LR F AT BEER
PORH SRR Y R L R KR T 0B PIT2 BAT 0 2.2 &R G BRI Lk 2 v g
v AE o
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% 232 & 0@ :}i&ﬁe;%g«@fgg

{

e ¥ B st Hfa 3
Kunith et al. (2017) Bl it g S A -
Kooten Niekerk et al.
5 &4 A
(2017) | B 5w

Hall et al. (2018)

Wang & Shen (2007) |#] it &5 & B | SRR E 2

Wen et al. (2016) Boo] b A ALNS
L RS
M3 (2013) gk | O = w
5t 1=
. 4 4 5k
Adler& Mirchandani Bl B gt %%é_,‘/ ) i
(2017) B R R
, AR A S
Li (2014 Bl A
' (2014) H TN
Ke et al. (2016) o] g A &

FHKR D AR R

2.2 HoARAT L ik R v AR

Yu & Lin (2015) # 31— % r fidid b ik i 5 s enii B 5 00 2B e N B ik A
F* %2 (Open location—routing problem, OLRP) - H i & /2 56 § 4 ;2 (Greedy method) £
MAzdnfg o R = 2 Fak: M fFen™ V&~ b NRE P:‘Ci A2dofR T AR L ATE EfF o
= B Rt ﬁ’# €17 344 B 5 2 B 4] (Swap move) ~ 4~ 5 (Insertlon move) 27 i3 5 1%
#1(2-opt move) » T B iE P = FEARIT fEALE B mﬁk"‘ FARIE o L dRAB ]S G
MEWEE S - R % 18] B D FREEAE RS E R - e
Pk i B BED KR B 3 i B 5 A SR RPER - R
AR B e) IR L R L I B "'?FP Bk o THHEY CHERTH
ERfE S B RS 7 AR R HEFRE O RREP I RV E N A s
Rfz o

Haridass et al. (2014) #5239 X2 5 A > I wH 223 7 £ 44 2 pri
¥ Ul eE A+ B (Log truck)#FTR¥ 38 > P 1R 5 Ak L Renig 2 T o) L B dmit 5 &
FAHNZ AR - T4 &5 M’*ﬁﬁv’ Ty MIRNT R 0 T A B R
MRiTfR T 2 iR ﬂﬁx A E] GRS LA 4 (Decrease route) ~ 3 v B AR 4
(Increase route) ~ + & & 1t Jf##' (Stop truck) ~ *LE7 o+ B B 2 3 I AR GRS A5 15
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(Transfer route) 2 2 7 "L — & 5 g+ # 2 4 B4 4 1% 4 4 4] (Interchange) © 15 % #
P CETERFEZ DA - P EHRRRE TR L R 0 a B 2R
H 6 - R S P TR R R

Ceschia etal. (2017) % 5T L2 48 01— BiF 82 Rfgp =0 & e i 28
(Lot-sizing and scheduling, LSS) » P & 5335 N i% & F F2 2 AR BT A 3 A o Hiz
bofdz R LA A RS R I EARY o 2 1 A AR REATR . A w5
'ﬁ‘ﬁ*ﬁ#kfi¢#m<#+ﬁ# A B - 4 AR g i ] o TR
CHERF X 2 Rz > JI* BN E X 2 B HEBRE TR RRERFRIR TR
PARSHE H e N RARITR  F R AL B T AR RN Tk dE o

Valentine et al. (2011) 2 j3 AL T X T H A N AT AT E B LA h AT LB B T =
#2 % 1% (Locational Marginal Prices)# B 2 I* 4% » 123 £ 3% #6573 72 (Valley-fill scheme)
l’f’ﬂ BRI EREE R o T BRI MR R L k2 A A

231 %

PR ATERIIZ T 6 28 STARR © T R E DR YRR S
B PEITR AT o & i EE A wv/gie P AARTRE D o Rl m S WY
FURERZAFTLNT D R FH PRI RS A A NGB I RFE
AILE B VT B R f—'"ﬁ»]‘lbiﬁﬁﬁa&m%%?ﬁpﬁ*ﬁ»’f”%3 1% *kengp ot

T2 ?ffﬂﬁf‘/’a\% » Wang & Shen (2007) 4|2 fm ¥ i fzbdy & pF
# “Lép > Hilletal (2018) RIEX T3 §m% X LT LA ZBA P LT
! ‘—"75 Wenetal. (2016) # 5| Ex 2 fat 7 PP B ERS ch i §

&‘a

m é’_ﬁtﬁﬁj\/;L#EFag?%kﬁ '\?’J‘l—% ﬂ’l,}ii '\F!H;ﬁm#&_r} ,,f r## , FE?—E{
R MRITHE S N 0 AR N E L A A#H 2 ‘J%’.n E P o RAVECE R ST A

BfE e 22 & Se phd o BORIIVEART TR L SN B R T2 R Lk
L~ G A2 E A = A LenfaRiTiEan 2 b > Haridass et al. (2014) » 4-%
fRAGR R Y T BEARURITIERE > ok 24

AFTIRAEIBE D AATWAd AFE LT AERE LT R PERT 2P
s 2 ’&*3-%&“ ViR R TRAF B A Ll R E 2T NS E - D
WEPR TR EEEd RN 2B GE AP URERIVELAH B -2
TH OB RITARED 2 PRS2 Y42 o RT $ B R A pEY & pF2 AT
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THgREc £ B T IRAR OB PRl VYR A A > B2 BT £ D R
TR E S TR FLGES - AN RETTEY BRI B2 B TR AT -
B 5 -
F ARV v e
il FfE R AE ARIT A
B8 W =i 42 B 45(Open | R #% 4%+ (Swap move)
Yu & Lin (2015) location-routing problem, q"k » #5 #|(Insertion move)
OLRP) i3] B 1% #41(2-opt move)
Ceschia et al. (2017) #L _:)K i F‘FB Sl v P .move)
sizing and scheduling, LSS) | 4z » #%#](Insertion move)
0B A 4] (Decrease route)
| 4r #(Increase route
Haridass et al. (2014) v w iﬂﬁ iéz EStop truck) )
=+ & (Log truck)#: 7T R 2% %
B 23 8 4% 1%+ (Transfer route)
< # #% #4 (Interchange)
Valentine et al. (2011) THH P RTIRAE

FHLKR D AT R
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LR A %?jazﬁffa;qiirﬁ?@e;}ﬁ 4= p F#agﬁﬁﬁ:’;ﬁ?f@_;m{
faéé'fﬁ;}hﬁi P EERE Y ARET RGP DT IRBFLI BT R

RoRFREFFREP DT TR RO E XD el TR
THRFAAFE AT HREELR I F AT HRIEE A AT L AT R S
A o

BB A A D AR R 2 Y TR AN RN mlcT R RS o TR
obdp N — 4y ﬁéﬁ&%lii}:&;ﬁﬁﬁ”ﬁﬁﬁxmﬁ 5oy 2% 4 %Eéﬁﬁé- et g
33V A (B PRARFIA B, B § RIS ) *E B R Ak o TG B fE
FP AR R A2 h ik o & 3.1 HfEY R ¥ D 34RE o Bk 2 | JRAMIT
ZHA N 5 3ITRHBE 2T FP R dRA AL (23%F B P A4 ) B

PR E A (BoaF e AA) od & 312 AR 322 faph 2
PR AR 34RD o Bt 2 Bo] PRAILAHA B 5 3ITR | FIx o 4o fgd
FEA: (I35 pa S ) R mE45 (35+5 2 34) > 0 H

BRE R Fp A 3-21ﬁ'$§%}i#§-5§°-ﬂd% 3-22 fREE % 5 4 3-3 2 fEpF
@ iﬁiﬁ/{;}é‘ >3 ﬁfﬁiﬁ v Bk B B PRARTFINHA B 5 4TI 35T 0 5 4o

BgpE A (34 FBE XA ) BAdRL A (Z—MMUQH\) )

T s FPb & 332 fRE A4 0 B Rl o

F 3-14cfg B dm = & o] -
Az# B# C
gL | A= T | L | A= i | %L | A= iz
1 106:40|07:30| 2 |07:20|08:10| 4 |09:40 |10:10
3 [09:10(09:40| 6 |10:20|120:50| 7 |11:00|11:30
5 10:00 | 10:50

1.8

e

32 b B g kg )

A B 2 C
1 |06:40|07:30| 2 |07:20|08:10| 7 |11:00 |11:30
3 [09:10|09:40 | 4 |09:40 | 10:10
5 |10:00 [10:50 | 6 | 10:20 | 10:50

[uts
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% 3-3 4¢ ’fgaﬁﬁﬂ‘\%m}_
A# B #

nEL | Az i | L | A& iz
1 06:40 | 07:30 2 07:20 | 08:10
3 09:10 | 09:40 | 4 | 09:40 | 10:10
5 10:00 | 10:50 6 10:20 | 10:50
7 11:00 | 11:30

3.2 ##£3% L /2 (Simulated Annealing)

A hd R TROATY T it & 8 PTRAE BT B0 '
A2 h2 A2l E AT ALY > T8 o e T2 D NPT AL R3S NP-hard
A e

B3 L2 (Simulated Annealing) @ £ d Metropolis et al. (1953)#% 41 8 #24 » @ 2
d Kirkpatrick et al.(1983)14 Metropolis = %% B § g3 L jg 52 » &% H gl
EICRRE o BRIV E L - W2 k:'zﬁ” - T KRR § o 2R L afEii
FHRFEREMR > Ea SN 2B E G2 B 3-1 A I VE2 R HEek
P -H}I%,hr’r .

Lo Aedeit @ wae o R T BB R T 4 45f8x0 » & i 4o 33K 5 & % fax
2. FUI* 3 b RfR8 4 A 4 ATk TRy

3. WP WMEEfEEF (AL LATIEA B 2 A SESf () BB f(XT)

f)- f(x)

Pl T A7y s #7eng o f2 0 3 Rl 2 exp(— e T A FEXy

4. Léﬂéiﬁﬁﬁﬁféﬁﬁmﬁ¥@ﬁ%’ﬁiﬁﬁﬁ#éééﬂﬁﬁi

5. ER CEHFSC T FT>TFRI® IG5 2)% 3
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Fn451k, Xn, Th, T[, t=0

l

x*e—x"

#abfE R
B AT o R AR

Tii&, =0

B — Hf i Ay

f(y) 4 7 (x*)
KAETY

X* —y

t=t+1 —

Bl 3-1 i V2 AR R

33wk i Lfzindg

g R ORI VR TR g M AR BB 2 R R AT R R AT R
el FI A G R AR AT TR 2 A2 iR R AL S PR R R
TRFACLRARP] 0 R dofe A 4 JRIT R -

3.3.1 A= dn iRk 3+
AT 2 AR fEM-g o B Py e iR T A 2 s F AP NIRRT RO
Bimlic B3 22 A MITA Y T IR E 0 REF L B AR SR
FETE OB D B Rl A P R PRI € BT A B chRASIRAPER L 4r b R A
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bon P Y ONE B 4TI =X ip/k.‘{e‘-%ﬁ& O TEY T PRIATI Bk b 2 B iw %7 A B @ iw
R RPER] LM FI g R GRS A 2 B gm0 0 FISF k RPE R B Ak %
B LA ATRMEFATEE  AF T E- PRAFPATRT R B
BRIATH DGR T ERTd ¥ - BB RIRIBET RA R ik 21 |
BELRER  EAFRE U HME PR DA T 57 -

AFEY BRBERV ARE 25 Ea FIX el R Jf X 30 S0 R L P 40}
AILE LD Rk R 0 6 R ET ARG S AT R P s 1 8 dweh
FIETRL A ENE 2T TR R 2 20% 0 = Fimd cpA iR R Y 5 R
Tkl o T oo BB - FEHEP 0 & 34 5 g0 [ITh o

& =
& S

>

<
£
4

9

%

F 34 Azdn Rk e bl £
FiX |[BR A B F AR £ E

1 |53 5:30 6:30 24
2 |52 5:40 6:40 24
3 |52 7:00 8:00 24
4 | 52 7:15 8:15 24

5 |53 9:00 10:00 24

6 | 52 9:20 10:20 24

7 152 14:30 15:30 24

ERA 342 PF A 0§ AR FIXRDBERELE > £ 347° BHRAS
%%vmﬁ%W€@mﬁﬂ’W“”T&”“%mﬁﬁ&p2ﬁoé¥—ﬁmﬁ%i
XA LB ek 3-5 077 o BFAOTR I Bdadgino J WA gRE PER Y T R
¥OWRIAFLR Y 00 FI ML 1 iR AR RA L AR R A dok 3-6 AT o
ﬂéﬁﬁ%ﬂﬁla’aﬁA%W%ﬁ#ﬁ%ﬁﬁﬁﬁz,mw%ﬁizﬁmaaﬁ
B {7 4rd 3-7 9757 o (8 3114 & Rw it Lﬂﬁ]l;&ﬁ:}ﬁw\’ ﬁwiﬁu\m“r,“"‘lj ik
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F 35 ATk R bl

Az B#
YoBl | B A2 ic Bl | B A2 iz
F 3-6 AZdpfER BB =
Az B#
Bl | B A2 iz Bl | EBEAR A2 ic
1 53 5:30 6:30
Fo 3T Asdp Rk 4o b =
A B B &
Bl | BA A2 iz Bl | R A2 iz
I} 53 5:30 6:30 2 52 5:40 6:40
F 3-8 AzdnfRR B R
A @ B &
Bl | B Az iz Bl | B A2 iz
1 53 5:30 6:30 2 52 5:40 6:40
3 52 7:00 8:00 4 52 7:15 8:15
5 53 9:00 10:00 6 5P 9:20 10:20
7 52 10:15 11:15

3.3.2 g AP
AT R ARG RE D RS Gk

P R ER S gD e
AR T r"rJ;P-ﬂh ’ l;(};-fﬁ%ﬁ.‘ifq’ K%’#‘f"mfgﬂ—\@ﬁr‘ﬁ_, O 111,2-?_»]‘1& L

B HP TS z._—rJLl'”mTilﬁ W EFTET xvéﬁiﬁimf
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FIFL=X {8 A
R

19

o

':E_ﬁ

EE_'J“}’?'?%?

El
@H

H
$ e

=H

[l =

b

» B M WA S e

T

;‘pmg

ETIAS

I



2. #%

BRRTEFAFESE AT E AP HTEFE N 2T E -
AT R+ R R T R BF MRS TR T I 7 REAp
bvo0 G W R FIS P B A 3T G gt f,T_:'KTaT*’—"Li’”ﬁ VLR PEFER o Ak
IR 2R LT AR A CNT ERRITE AR né'rirr Pz £ A7
Fofr o b RAde R EATH P 4R MJS TR ATE R B 4R
oo FAPER D LR A R0 m?i’WMJﬁﬁm«mWﬁﬂﬁ»
AETREILFER PR E > T RALFEF R LR - H R A

LEFERBRETI PENRLERF o

EFBQ)Y ¢ RARERF VTR L TIER o2 LT R 1%@—,3—135%
FIEFF 2 T P22 2 L/ EHT -1 ﬁﬁ%i&#w?’iiﬁ%
*%%ﬁi,f*“%M*ﬁi%mﬁaajﬂ BB R B3k e

_Ej'sk«k mivgéc“j’g % 1Ep ’]‘E——lﬁi‘aén ’ 'T]LL‘ L"‘;,\‘Jl/}é“-’) Eﬁ‘wiim’%i °
T O AR RAL ded 39 o o B Rt R TRE LT
1208 F2REA 5 4R - kARREIEATEH R FRIPAAFTZY 4572

63 RO Aok 3-10 %77 0 AP AT EE O REFH SR E=24-22+2+2
—6) FEsem o FI iy BREAR S SR A AR 8 E/ % 4

2 FIEREAZR LT » T I B G AT PR TP 2 A5 07 HITE A7
FT R drd 3-11 o BFHRALSEFIIZ 2 F 6711 DIRL T H25 0 ot 3-12 957
BOUHTREIABEGE T E=24—14424+2=14) B ERA > L CFEHF 5T
FERFRSRE M 43108 5 SFIXFFEL LT » R Er1d % 4ok 3-13
BT o

% 3-9 % F J’ﬁ.ﬁ]?@ul}~

FIS | B | A E | SRR (AT | PHETE | SREE | RBAFF (T E
0 | #: 120 0 120 0:00

1| 52 5:40 6:40 24 1:00

2 | 52 7:15 8:15 24 1:00

3 | 52 10:00 11:00 24 1:00

4 | 52 13:00 14:00 24 1:00

5] 52 16:00 17:00 24 1:00

6 | 52 18:00 19:00 24 1:00
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# 3-10 "o AR 4 5] =

I | B | AR | SRR (AR E | JHETE | AT |RBFRF | LT €
0 | #= 120 0 120 0:00
1 52 5:40 6:40 118 24 94 1:00
2 | 52 7:15 8:15 94 24 70 1:00
3| 52 10:00 11:00 70 24 46 1:00
4 | 52 13:00 14:00 46 24 22 1:00
5 | 52 16:00 17:00 24 1:00
6 | 52 18:00 19:00 24 1:00
£ 3-11 AT RAIF 62
FIA | B | AP R | S AR (AR | JETE | $ATE | RBFERF | LT E
0 | ¥k 120 0 120 0:00
1 52 5:40 6:40 118 24 94 1:00
2 | 52 7:15 8:15 94 24 70 1:00
3 | 52 10:00 11:00 70 24 46 1:00
g | Fk | 11:05 12:55 44 0 88 1:50 44
4 |- 13:00 14:00 86 24 62 1:00
52 16:00 17:00 24 1:00
6 | 52 18:00 19:00 24 1:00
% 3-12 AR RAF G|
Iz | B (Aol | SRR (AT R | JETE | SATE [ RBEEFET (LT E
0 | = 120 0 120 0:00
1 52 5:40 6:40 118 24 94 1:00
2 | 52 7:15 8:15 94 24 70 1:00
3| 52 10:00 11:00 70 24 46 1:00
R | HE | 11:05 12:55 44 0 88 1:50 44
4 | 52 13:00 14:00 86 24 62 1:00
52 16:00 17:00 62 24 38 1:00
6 | 52 18:00 19:00 38 24 14 1:00
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# 3-16 4k » 1 b1 -

Az B#
| A i | flARRE | Smh | & i | fli#Ri
1 | 06:40 | 07:30 75% 2 | 07:20 | 08:10 75%
3 | 09:10 | 09:40 60% 4 | 09:40 | 10:10 60%
10:00 | 10:50 35% 6 | 10:20 | 10:50 45%
7 | 11:00 | 11:50 20%
2 3-17 o B4l b=
Az B #
S| A2 | flERE || A i | fI&TE
1 | 06:40 | 07:30 75% 2| 07:20 | 08:10 75%
3 | 09:10 | 09:40 60% 4 | 09:40 | 10:10 60%
5 | 10:00 | 10:50 35% 6 | 10:20 | 10:50 45%
7 | 11:00 | 11:50 10%
3 318 G r Bl OIE &
A# B#
i | A i | fHRRE | A A i | feRE
1 | 06:40 | 07:30 75% 2| 07:20 | 08:10 75%
% | 07:30 | 08:20 | 100% 4 | 09:40 | 10:10 60%
09:10 | 09:40 85% 6 | 10:20 | 10:50 45%
10:00 | 10:50 60%
11:00 | 11:50 25%
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