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An Assignment Method for the Trailer Routing in Smart Ports
Student : Pin-Chia Huang Advisor : Dr. Ming-Jiu Huang,
Dr. Kuan-Cheng Huang

Department of Transportation and Logistics Management

National Chiao Tung University
Abstract

With the rapid development of science and technology, the smart port has become an
inevitable trend. In addition to the replacement of hardware devices, the operation model
should be transformed. The study not only reviews literatures to explore the difference
between the smart port and the traditional port but establishes an environment to simulates
the smart port. In a case study of Taiwan's Keelung Port, the study considers how to use real-
time information to assign trailers in the semi-automatic container terminal. In order to
improve the efficiency of the smart ports, the method minimizes the total traveling time and
waiting time of trailers.

The study proposes an assignment method for the trailer routing in smart ports. The
mathematical model is used to express the problem, and the Greedy Heuristics Algorithm is
applied to the smart assignment mode. To get close to the current assignment situation, the
study proposes the current assignment mode based on the concept of First Come First
Service. Finally, scenario simulation is built to simulate the current situation, and analyzing

the differences between the two assignment modes that the study proposes.

Keywords: smart port ~ semi-automatic container terminal -~ trailer assignment method
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Guided Vehicle, AGV) #:& f % > #= 5 5 & %% £ 4% - Yangetal. (2018)% £
B2t F &R RLHFERS > @ p 5§ %R F S (Automated Container
Terminal, ACT)ic 7 <458k % F R 2 % > PR E A4 &> F]ptu g # it
PIREEFLALER > TR pERLFIACEE S ELLERPRLINER T
REHPN oAUt RIPEEFEFZAZEFR L DS A BE A
BF B R AUHCA 2 FORTAE R O R AR HCAI2 O R AR 0 FaR- R ATFIRE 2
FEIEDEFFEE2Z S A A FF & (Congestion Prevention Rule-based Bi-level
Genetic Algorithm) » B {8 £ #-p {7 & D A>0353 2 Fe™ 2 dpin g K08 » 0 F #04)
PN iEE o 27 E#s pFe 2 (Rolling Horizon Procedure, RHP) 2 38 & & % it di o 8 4o
FrERN2ZAAEATFE 2S5 RE - a3 FA S BT o FEAURC
2P REEES N B p B p T FRES R

£ &Fi«{géj’ WS P oo AR R ’f‘-")ﬁ)-i:{#k’;i:%_ = A %fﬂ%ﬂ]/ﬁr
# B ehp 2 - > Hentschel et al. (2018) ™ jm g R zFL B 5 b0 FEFH N S BT
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FEREENE®RLREL DD & L2 kR E T ¢ (Renewable Energy
Cooperatives, RECS) & & € & e 4 it k! R JEER U3 SR AR A e |
oA R A IR AAAT O UEAARNHEANRTERLIR o AP U
FIRFEEEFREM? D ZMF LB TRINEMY 7at 3
HAicRpr2peanf 250 /hie* € - Heiligetal. (2017a) ¥ 23/ P 5 & ik % L
AT MRS AN T UERRET ZRTACRITR D BEFN DR D
FARAEBLE R RBEFFITECFOEFR 2 HTERTR o THE2 5 PR
WERA RfE= A PP o AR5 84 }6 FREERPERE  BFEH
NERMNEBERBEST LI FFORA nE IS AE ] LR R
PR S P RV R R 2R R AR R 4T 0 Bt AL R B 2 Y R
Vpo B E AP EEREAINE FRE IR A% o

EI

Hmmamwmﬂmﬁ%%é%%aﬁﬁar@%ﬁ&%*@@éfﬁﬁﬁg
_\%’FEWFE] & - 38 %]Fp‘g\»’m@ﬂﬁ‘ % E2ZR o R I pEEEE R > T
FWH g TR A RREIIL  c ZF T 2T R I FENE B RE B R
TREFY LIV FRERL T AR FRR 2
A2 P i ERRE LPEFRER @ 2LE TR L
FHBNEF2LARE cHTAE P RIS EATE R
MERE SRk AR E S A FREF R RSB R
M B A AR R N BB B B R F eRT B T F ik
LR R E - R Y g cE R ﬂ%i— BARZREE R B

BER 2B - LR ey s HELEFY TATELE X3 M2 484 -

foed
T
¢

.p_j_i

W

B EARET S SRBERLARFED R T AP R E Y
BoAERRTAEFR S oo 2 21NN FEAR T 2 MR BonFE
Ak % 2 BB T’ﬁﬂiﬁﬁlﬁﬁ’?jﬂﬁﬁ,ﬁ&? FH oL T
FTAZLEZAEPHE BT AHFEL 4 NEY > a Al B sd dRmz Ay
o PaEE s RENBEFEFEpECEET R AEL GG ik FEk
FoFM ARG RR NN G o EFENET T T T Ep B B

$ B 4p i TR 8 dg R
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22 EEAR

GERLEFYEY o PRSI TN S FREEHFTLEE A B %
&*%iﬁﬁﬁ%%%@ﬁﬁﬁﬂzEﬁﬂﬂ%\+%¢ﬂ’W%ﬁﬁ&p*%

PFEC s %‘uﬁ‘l PR 2 %' ’F%;“fﬂv g ?E R R i%‘ ’FE TWrﬁ Lm:]{—,ﬁ:
FRBFEL G FRONM FTERERPER BRIV ERYE

Birgrudadgmg pdl- BREPETE2ZR* e FHMBEFEETT R
ZApM A A o AT RS EEEE T BB Y & S(Truck Appointment System) g

%?g%”/ﬁpﬁﬁqmﬁ c%@é%ﬂﬁi@?’ﬁwnﬁaﬁﬂﬁww%%’uﬁ>

Zehendner and Feillet (2014) % 7 & % ¢ T H R £ARLE & P AP M < 1 B3 »

SN

PR BB ETARS S TG RN AR Wi xR F f 2R
s RRIBE R TR RS R o (FE B R YTE mhd RO

Y RAEEMAS ZPBERE G LAFRT 0 BREF L PIRRESE L 2]
KA RELRY L AP IR A R R R EE LT
%aﬁﬁﬁﬁﬁ4@%mW%mﬁﬁ’az%ﬁgﬁ@%&§14w@oﬁﬁu
Bl B RRUEFEREL P E - BRSO RRALE N H - p AL
P 2R T AREL FRF|EEURLEREFBENRY » RS L 1Y
SRR P RS EANELT A R A B R EE 2 E o

Phan and Kim (2015) £ Phan and Kim (2016) & {473 ™ f & ¥ 5 &8 % &
E&ﬁ&&ﬂ%’&%iﬁﬁﬁ%iﬁﬁﬁTET,?*%%E]%W% E]
I E Y EE AR EAR ) AL BN D R i T A A
PP A R BT P AP TP S D EE LB & 0

BERFAFREDOV M A BT nL w43 D Phanand Kim (2015) £ = & 3 #c8
WAl Aw kR B é‘F—g A &R g EH > a Phan and Kim (2016) R & #-f &
FHEITL FREEE T FEE o A g 2 F R Ao - BT R
i 8 R B i f2 o ¥ Phan and Kim (2015) & f* 2 42 A ¢ 7 @ f@af2F - &
FFE 2 Fig A A > Phanand Kim (2016) B £ % | it & §@icit Fl2 = & ~ 2 §gi
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TR FiE s o pA Y F RS 6 0 Phanand Kim (2015) 3% - e g #0314 4
WiEF §EE 22 L m%ﬁﬂﬁmﬁﬁ’%mwMMQOamiﬁ“ﬁ
g AH B 22 - ERRARYTE by PEE SRR SRR

Lt pRAT o B ALE T 2 E AR RF R ER PN kA
Jwiﬁﬁéﬁﬁiﬁﬂﬁbﬁﬁﬁﬁlkﬁﬁﬂ7iwkﬂﬁ’NW%%ﬁm GEECRTE
PR E T Y EE Chg%kER o R BREFEE AR AR
AP MR EAEANR TR LB B & B BRIk

o MERFEN AL P o

23T T 5 HRE R

ﬁﬁ;-'l?: T* g"l{‘:"k R gf\ﬁ: EL’}’/\

SRR R VR T SRR RE
frEg s A AR RREALY R F

Kgomerd B ARG kY o 5

Z

® § sk B2 AR 45 9% & - Cruijssen and Salomon (2004)% £ % %

=
5

BEEEH e REY R RS OERT R FRERL ) TR HUREF
%ﬁ@ﬁﬁ%ﬁﬁiiw’%m#k%%ﬁ%ﬁT’ﬁ%$$T%°%ﬁ’
Krajewska et al. (2008) # 1 & p a8 % 4 8F & 150 @ F30 ¢ 6 Fod| /5 & "L
# i & 42 (Pickup and Delivery Problem with Time Windows, PDPTW) - & - 3= i& 3 ¥

o

[ EFE: S @&ﬁﬂﬁﬁﬁkﬁ,%q&“% X5 B —’ilF.:!z-t,‘ AL it & g
R AR R - BB ERARRIN A TG UT S f e AL
Memon et al. (2017) P & T4 7 % A dcix | R AEa E B2 G=(VA)Z B2 & 7R o
He VRABRE S Rm  ARRAEHARIRE L EET T

PR 3R M 2 AR AT S T A U B R AR

Bettinelli et al. (2014) # ¥|4zi¥ [ k' 4£(Pick-Up and Delivery Problem, PDP)  *+
VRP ¥ chdF i) » £ @ g 5 7 & W42 & §wE AR I 4 (Capacitated Vehicle Routing
Problem, CVRP) » CVRP % &4 gL 3 244 > £ 27 RE 7 QB2 f}
BEPFE ORI D A - B EDF IR S 2R S 2 B TR Ak

P> @ PDP P~ BL2 % [ BEY Bl - §REEPRIE > 2 7 FHE - £ 2 hik g
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£ SEEE - ,sz v W 1% % B i (Branch-and-Price Algorithm)i# ¥ f2 -3t
“Svii@ﬁﬂf’p%{’ér_n*n?"ﬁfﬁ %}Fv%{mﬁﬂ‘t’w«“’#’f;ﬁ7ﬂm¥%ﬁ
(Multi-Depot Heterogeneous-fleet Pickup and Delivery Problem with Soft Time Windows,
MDHPDPSTW) o &P F &> % > i § 5 % 2 3 WFTPRIEPFFT > FIRBPER

PAGREE N DRI REA AR > AMAPT R RN AR S RBET R
B PR PRF% o Iswari and Asih (2018) 12 % IE#,;} vt AL 70w B 2 (Genetic Algorithm)
27 -3 % & (Particle Swarm Optimization) & * % CVRP z_ 35 ERRA O

LR A A Bl V2 P ho KA R E e RRRE @ ATWE 2 RE S

~E

ﬁek ﬁ*"'e /fﬁ.ﬁ,; ) A& i f’rﬁﬁgﬁ_ﬁ'{fr’ » e 176)3 (SR sl FAN

Tingetal. (2017) 12 = & & 2 > » W] 5 2 & 30 /i & ;2 (Tabu Search) ~ & ;7
B2 fo & fcdoF 2 (Scatter Search) » 2 5 & miE 4% 4 jc i 1 3 (Multi-Vehicle
Selective Pickup and Delivery Problem, MVSPDP) » %% B8 [fr % & % *z {7 jedg 34
T REE E%J%\ Ao 2 cfTE R R  REREZIRFREPE 2
- RS ER R ALS  E i b B' 3% (Selective Pickup and Delivery
Problem, SPDP)R|  3x 2L H ¥24] » 2 Jp2L23 & — B & =~ 8L iy jg P F T S BB
PBEMBRE T ER R Re O RERE RS PN pERE PR
%’iﬁ%iﬁﬁiﬁﬁ’%W%i%ﬁﬁ?i%°“@iﬁ@§$%’iﬁﬁ
BT fEpn o R FLEFEEEE B AE s Tl 2
EER R 3%&3‘&#*1@* bR BE o A Ragde X BFER UFI N B T R B P
FEPE - W ENAELFTT o

Heilig et al. (2017b) #- 1% 438 - 38 By B ALFA7 5 P94 P LT 5 i fcid [ B
Wo Feh e P EURIT 5 A ICE R A R RS - TR
RN GR BRI B U H R R SRR B R

Sl

C)FEAEBCERFPN LG FTEFOLE R KL FpiE ﬁ"?lﬁg'lﬂi JF)
B2 R AP L S vy EREPER IR o
( )j':&__ ’l’ ‘ﬂmg\'ﬂ\gﬁiiﬂ/bx&xﬁ#{/%mz P\?’%ﬁ%o
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(E)#H2 2 FF R AR IR R 2 FTE R AR
Felcds B TR > 30U RS B SR iy o

COR-ENER RS I E 5 SR LRSS S E (S AR

(I) AFFFTECRFLES ZHXFFLNE - 2F T ARLE - FRA

Fd ARy BB A R H 2 E Byl £ R AR

F_*

S ko BeE RAINCA RFRRNCRC] PR PE N E (R s P
BIE L MERFEARAIR ¢ 5D ARFALY R FRETFHALEHT
U2 AEE & A o Heilig etal. (2017b) # 21 2 $c8 R AHA 40T #r7 :

BEED

Qu 593 FateT jfdednBlel M8 a7 FREMR
C, ' s 4@ » A FRIBEAMNT R LA o

U o5 - Sfic & Azl Bl w @ g B il o

Z, P50 1% 25 rifRApES FRAL 1L F2 500
€r * 5 O~ 1% FoRFROEF rFRAPAZ 1 £ 250

min Zz

teT lel reqy

st.

> > e,Z,=1Y0€e0

teT lel reQy

> Z <u,Vlel vteT

reQy

Z €{0,1},VreQ
b ERAPEA Y > 2N1)E @) andk &k o Ao AT
()RR - N oV NE A e
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(QFEiRs - L4775 F Fm g s T
(B)ez 14 BRBIBLARR ¥ cfs D B T AN R % hfi B M E

4z 5 0~ 1%

Heilig et al. (2017b) e F¥ & 415 48 5 M /% & /% (Greedy Heuristics) 2 & f88 {c
#2319 L ;2 (Hybrid Simulated Annealing Algorithms) < f% 2 ficfic < eF* 8 5 v % >
B EERDYEHRBAFIZH RN FEEIRET AR EFEE ’
Fag A AER S B A foRgRI N2 2 R R hiE o

1 234 M 2 prwff 0 AP LA B R S T U S A PR
F FldeT o

() aFEUE®RZ ERBEESTP > GF A4 SR SF pHLITE A
o 14 ) S22 BBBERT T o HPE DL FRETRRL  FPTEAERLE
EETREFE A AR AL 0 A e B AR B 2 45 B R AUR G| AETTR AE

() EpReEEEP » PRI REN PR LHp A s 7 B IR
T RS D REAL S b 4G -

C) B "y EECFEE T FN G R FES A B 5P - g
B R E B R K Ap R R o

(z) #1F dpinf Re & F FE ez f gk o

Y

%W*P%iﬁﬁéﬁﬁ@ﬂT%ﬁkﬁﬁwﬁoﬁ%zﬁ1W 5
NP-hard R* 4% » RpZpFAF L BB B0 40> $p 0 % BB A3 R id iz
FrFE e R F R Tk R 2 d 23 @ v G B RERF T T S

E‘ii‘*%\/ﬁwzz\ﬁ%?[ﬁ% b FIPHFE RS S EEAY e - o

e
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ALk %2 dp B 0¥ F 30 B3R A F AR F 0 4o Ghaderi et al. (2018) 0 F)pt

ERAIHTEAR T I HEL BRI IR BHY L RRL D E -
WEAET LY PEEL 2RI LEPH ERARFEFTE TSRS 0 2B

B
BYEE U2 R F o et REE H I ERE L AR AR
TR o - o FEAET S & A A PR E R Y EF R T
FOoORTEAEEL el BAA S RAD O UARYBEFPMHCITE e S
2 FRAB%Y o 3 2 Yang et al. (2018)22 Heilig et al. (2017b) & & r¢ p & it | 1% &8
%

FLELNE O R EF HAEUR L F AR

\\ﬁr

22L& o wiRE BAEFEEApIAR M Y o J N2 B S
rEAB e FERTARY G NA B FTE el o SR 2 S
FAFR S ZEL BRI S UM E L BE RN R ARG L RS
A EPITRAE . REEFH2FL N FI R HEZFLAL R T BE

S

FEH MR A o d AT R EAERL T ATEEE FEITE
B it e e~ ALK 0 RE S B S BB B 2 it 0 W FIE R

A ATE M IP o

L2330 &F > RFETEAET MBI S AeE AT 0 0 R T L

AR R g TR T E PR RE - g T SRR
v AR M R K2 KR B2 AT RIS R f R g Gl
BorRHRFEIBHRFETE N FEI LR E D 0 R LR T2
@mﬁi,vﬁ%ngaM(mﬂmﬁﬁ Lh o Bher S RARA 2w B AR

TEABT TP DRI G RIBERIF 20k AP RLY
GRS FRCFEAUEE PR ESTFP LTE g it 2 ABg o -
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AET R LEI R P EFEAE MM R L BN B I R

~

Ul A R > Bl T R A AL PR B 32 ) & pagtieh
Glp e el o » AT A E AL 5 NP-hard B 3E > 8 5 PR F B ORE R AT AN <

BOH e AR M RN 2 2 R B LA E RIS > £ 33 )

P10

§9 65

32 A E A v # B fpiRiist

AL TR FREEEN R E B RBERR] 2 LR
Bh 2 g5 P bR B TR SRR TE BRI RY PR E
FEE 4o 310 H 2T EAR T 2 BK

TEAETHE ﬁf‘c%‘f:}ﬂ/»\"”‘]% % RELEP > F]R* il B

Loy by jg.ft,u‘zT;;gﬂ - Ak o
P

Co, ' A M e R4 % iRk 2 AR rEATE & chd & o

& 5 O0~1%dk FopiF Ribas rifglppsl F2500
Xe " 50 1%8c ZHrifepfdtmap il F2 500

min > > " C, X, ®)

teT reR

st.

> e X, =1Viel (6)

teT reR
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> X, <LVteT (7)

reR

X, €{0,1},vreR (8)
Bt B g R A Y o 2N (B) I (B) ki & o Ao T AT

(B)5 Bl (95 B 45 838 (7 2 WP & 4
(B)Fiinc® — Ldpi%§ 440 § A T
(7)' 4|5 FRAT S4k— 25D R

@) X, 5 0-1%#

Ao 210G RFMC)E AFOB 0 X EFD L RT AT IRF L Y,
AR R T A F W2 01 %o @ hOUL 2 2 Pen, 4 &) 5 45 Bt ATy e g R
PEFRPEE R R R A o Bt R RER S AR LA
AR ABlE R 2 IR G R FRER 2 G 2 A
] P AR S AE TR F R R Y EL 0 o

min > x, -hour, + >y, - pen, )
teT il
AT RETENRAT AR O BN AR TELET AL KW T
FEAFER T 2 TE A B g B R B A AR AR B F Y 5
©dre Fh A T N2 B H0R] 0 A R R B R R R 4 B R ARG o
FLHCA] 0 BB B B R A BB AR - A S AP R D2 BT
P F L APE D AR T U T R g iR R F D > R v E

L‘L
J/ﬁ“”"’%}%’J/ﬁ‘a Es 2 PR
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By > dpin g R

dping £ip
AR HP

Joreds B g g R

v

Redpin g i B g R R

Bl 3.2 A & dp in it K AR R
TR KR AEy R
ﬂ\,{ﬁ;g @? QFEE‘??;% |1ﬁﬂ’1;§r€§ljiﬁ /r;\ﬁ’:;\ ’ -&r?} 3.2 LT 'F'l‘ E ﬂ\px d#-
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FIHPN 2 #F]/L\fﬁ, T\\/P 2282 &1 ;‘5‘% iﬁi B FRZZ‘«};F]/‘\@ Fez_ g B
_i%ﬁ<>iF24:mg$jﬁQﬁ%ﬁﬂk1£*Wé? ER AN LE ERES A S

ECA Ef’%fg!];}}:_],kﬁ_}\ > Lb ﬁ’(r:‘i ¥ g E, “L% .

R FRLS TR S LI SR U FRESEA S s AR X FHwE R B
FET B ERE L0 FIRGEOED TRESIL > AT R FHNFE 2 NE
PAEERETHETA & REBRHFIFL o FHFAFEZY 0 U e P
2 EREET BT Z R D IF - FEBR XL LD PRI
2 AIiA b enin g o iEA ,‘.Liﬂﬁgﬁﬁ&;kﬂ\ <R ;ﬁd j.;lﬁ, B E

G DR g R B TP HRRPER S A o
WL R R 2 m A
E RNy £ Vi

S' «— sequence of orders to be performed by each truck Vt € T
O « set containing all the unassigned orders
while(l = J)do
for(Vorder € 1)do
for(VteT)do

Fi < Increasing of assigning order to truck t at the best possible

position POS, in the sequence S*

end for
end for
(ordery,,t) <—argmin__ el )
Include the best assignment (0der,,t.,,p0S,) in the solution
Update S_,, for including Order,, at position POSg
| < 1order,,
end while
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PF A eniEiR o 38 0 - 202k B & pRFx(First Come First Serve, FCFS) 5 124 2 B %
B dp iyt o AeRl 3397 L AR KA L > AR oy B H 0 TRpIR
FoRdppetp mo A R RGRFFREOE D > B AR RE ST
B FHE D AR ARG R AT RYEE s R ERE D
dpind AFRE TEFALEES 0 TR F L RARE - R ASHRp
MR R FHFE L AER A L R RE R

EFRLE I A
¢ RG22

B335 B ¥ 4 i st A fzin Az

Y Rt ]

A7 3 12 Visual Studio 2015 C++#E B 4p /% izt » B @ 445 8 BRGPE R © Freh
T o 2B H éﬁ:fﬂ E R APFE S F R AR e SN2t B, FpL2t
FaAz Sl L AT 2 s AR AR N A AT Ao

24



int cal_cost(int truck) {

if (assign[truck].size() == 0)
return 0;

int cost = 0;

int curr_time = 0;

int pos = d_init[truck];

for (int i = 0; 1 < assign[truck].size(); i++) {
cost += time[pos][assign[truck].at(i).sp];
curr_time += time[pos][assign[truck].at(i).sp];

pos = assign[truck].at(i).sp;

cost += time[pos][assign[truck].at(i).ep];
curr_time += time[pos][assign[truck].at(i).ep];

pos = assign[truck].at(i).ep;

if (curr_time < assign[truck].at(i).s) {
curr_time = assign[truck].at(i).s;

}

else if (curr_time > assign[truck].at(i).e) {

cost += (curr_time - assign[truck].at(i).e) * penalty;

}
}
return cost;
+
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