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Optimal Scheduling Problem for Express Delivery Services

Using E-scooters

Student : Jui-Jing Sun Advisor : Chung-Cheng Lu

Department of Transportation and Logistics Management
National Chiao Tung University

Abstract

In response to B2C and C2C business models, courier service providers adopt
scooters for express delivery service in metropolitan areas, which increases
convenience and timeliness for delivery. Besides, along with the growth of
environmental awareness, the government actively promote low-carbon transport,
which makes courier service providers gradually replace petroleum motorcycles with
electric scooters to achieve green logistics. However, courier services providers will
need to consider vehicle mileage range and the location of charging stations when
planning the routing of a fleet of e-scooters. Therefore, the study addresses the
optimization problem of scheduling a fleet of e-scooters that are assigned for paired
pickup and delivery services. The study proposes an optimization model which is
developed based on the time-space network. The objective is to minimize service
providers’ total operating cost subject to a set of operating constraints for e-scooters.
The model is formulated as an integer multiple-commodity network flow problem,
which is characterized as NP-hard. Hence, the study develops a decomposition-based
heuristic, with the assistance of the mathematical problem solver, Gurobi, to efficiently
solve the problem with practical sizes. Test instances are generated based on the data
provided by a Taiwan courier service provider, in order to evaluate the efficiency and
effectiveness of the proposed model and the heuristic algorithm. The result shows that
the heuristic algorithm takes within 30 minutes to complete the solution process. In
addition, the gaps between heuristic solutions and lower bounds that are obtained by
Gurobi are less than 8%. As a result, it is shown that the proposed model and heuristic
algorithm are effective planning tools for scheduling a fleet of e-scooters that are
appointed for paired pickup and delivery services.

Keywords: express delivery services, electric scooters, time-space network, vehicle
scheduling problem, heuristic algorithm
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BRFLALFEFEERFRY CRFEIRTRAL L G Y &
TRI ﬁ_?x*i’ o Ak 2 44750 o T AEF BB dRp AR KT LB
2B fiE A ko B R GAA AE I ERENPV)IE R £ B AL KPS

ENEIPRTE S ﬁ%,«:‘;‘rﬂiﬁ—r,\

‘fr’ ﬁv %Ej f'r

P78 AT T 2 ERE Y S AT BB

B X RAT f:rl]‘io

ST E AT SRR DB B
AAMRTLLD S AGAR A DBHTZ B oL
W B BN D AR

3024 FB B2 )4

oty

= i

[luT8

B | B ALk #@Ae | T p AR aPpiTa

i & (LLV) (Van) (Pedelec Bike) (E-Bike)
il ] Z Z i ]

4 &g () |24 20 5 5 5 5
7% 2 f(mi) |- 106 75 90 25 30
R (fO) 121 148 5 49 5 49
PLF = & (/veh) | 21538 32301 1244 6491 4058 11236
iv s A(/mi) | 0.13 0.05 0.05 0.05 0.05 0.05
@iz = A(/mi) |0.15 0.12 0.02 0.02 0.02 0.02

7k % & : Choubassi et al. (2016)

24 B iRk AR AR M 2

AR EE 2 TEE D PRIRIR D R AR BT B R R A2
JoE P A A 2 B §mig 42 K 42 (Vehicle Routing Problem, VRP) » # =t 47
T 2R AR R B ATA DF KA R P R A2 1 4L (Alternative Fueling Vehicles
Routing Problem) » 1 2 ¢ & & §miz 42 &* 4 (Electric Vehicle Routing Problem) 2 #p
B2 [];J% o

*1« ’_

241 2 fmBALRH

Dantzig and Ramser (1959) % 4 I\ # §®:i2 42 /¥ 3% (Vehicle Routing Problem,
VRP)» A4~ VRP AT & 5 - B fjpd Mk Foipes  dmz b+ {88
PR CO I BTN BEER AL BB R E g AR
7 AT R EFIER ;0 AT m BERDE ek ﬁ&mﬁx TR R R BT R
F ) B AR AT H R TR LS E W Sk (2)97F BE R BRI AT
X Q)T AEEZG REARBL S BRETP 2 FERA NG RE A ARE
2 P R

DR AR AR LY MR Y PR ERE S G oA L B ET
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M2 Z R Bt r T R GEE R HN o A A D 548 VRP R AL 0 b
ol S RATE N RIS R G R K B RN EET P IR
B3 7 PR 2. B ik 42 R 42 (VRP with Time Windows, VRPTW) 5 ¥ g % B 3k 2
2§54 A1 A(MUlti-Depot VRP) ; % £ 2§52 § *UF R Ed » FtIEd S 22 2
#fi4 42 1Y 42 (distance-constrained VRP) » 12 2 H i 74 VRP B 4Z

<

242 #1KiRD Rk KA

LEFRBAF L MAEZL  FIRNFBE LT ETA R 2 F AR R bld4e
AP ER R ARG ORBARFEOTEBGAIAFAIART FEARZ
aiﬁa, u,);\. aiﬁ—q\_ & Lw\#k%{—% o R ,ﬁbﬁﬁgiﬁa_ﬁ § g3,4 ﬁug L5 e;ilﬁ

a

Ao T A LA LR RS B 0 G B PR AR 2 i ¢ FREERRT L

LIERVE giﬁgﬁ W ik ¢ ”%*I."%@)‘;p{m;ﬁ‘ LR R 2 .F- T s fei@ %%IJ%%,LN R

Bogmz 1T E AR 2L AN ALA FT"/EP%ETJ 2 B RRPARR AT 0 B Bk A B B AT

flié‘é‘/‘}%lﬁiﬁﬁ%lﬁﬁif’p“%\%ﬁ 3iﬁiﬁﬁﬁﬁ“§’ﬁ7 FriweH P B E N2 4p R
= 7 % Erdogan and Mlller-HookS (2012) » HixXm A F4oT o

Erdogan and Miller-Hooks (2012) #& ) % ic # #m 2 42 ¥ 4% (Green Vehicle
Routlng Problem, GVRP) » H fF3d2 & dm s & * F it ’«’H-—' Tadd 2 Bdm fEa
T 2 gm(Alternative Fueling Vehicles, AFVs) » # {7 5 JE3E < f14p 70 & 32 58
g Pl g "R I TR REF 2 §RED ’«H—ﬁ v =k (Alternative Fueling
Stations)## “v ZEfdls JLFT I VAR L b i B F AR R LN R BB o
L Fa Rl aqms 22 X F & &0 4 g7 "SRRGS 5 U
RSB EZRT s it 2 iﬁimﬁﬁﬁ&%ﬁm R R - ks o ik
A2 - # 3 #% 1 Modified Clarke and Wright Savings :# & /= (MCWS)4r Density-
Based Clustering ;% & ;# (DBCA) 4 f% GVRP> 2 # MCWS = ;3 2_ #5846 ~
BAd SR Z PR LEUBRA T FLRE TGS ABELZ AR £ B
LV AR 2 b GVRP B2 DBCA = 2 2 RIS L kipip iz
MoRE E BEE LR b o L AIF MCWS = 2 $ L R 241 2 JRit & o

TR E T R 1«@#@,1&% I LR RE A Y e ] Al
bl» U F R R ST R BRSO RIS RECE S 2 KR
o SRS oA fEE N /ﬁl’-n/z o fEl A Y 0 RF 2 Lo s
CPLEX F## 2 B 433 2%% 10%:r % B » gt vb s F Sl b e B B s> B
P2 R ITRIERE TE L DR B TRIEIR AP R RIEY E T MY PR
THARE HcE € H 4o o
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243 T2 RR AR

B Ao # ?ﬁéﬁiﬁij'@ﬁj%‘ééf’i\?i%ﬁﬁﬁ»’ &) e '"—F’fhr@’*#ﬂ‘m, *ﬁv“*ﬁ}_é’i
"’f‘tﬁﬁif@’;g*‘ﬁﬁﬁ TR D IRRARRN Y MR TR IEATE L
PSR AREF L AT RGBT AT RRANAS AT E
1

A R R AR RN AT B R RN AL AR M S

Conrad and Figliozzi (2011)#& &) 4 g4 = % & 2 2 §mi¢ 421 4 (Recharging
Vehicle Routing Problem, RVRP) » 2 §@ % PRAFFEL X 2 JEE > @ A (7 R IEH T
L é’rqtfﬁ-*'%@c‘ BIZAFEEEFLRFE Bz B E R oyl
78 FERL R U2 B §mik A2 I 3% (Capacitated VRP, CVRP) » g | it ¢ * 2 i &
Fo PSR RRAS AT D PRSI R iﬁﬁi"’ﬂ*‘l‘ﬁﬁ??‘?

~ B RFIRT B U4 E F1E 2 CRVRP B AE > 2 2R Z P § '14]2 CRVRP
i f‘L\ AT E N EAFE R e L g 2 ol 5N 302 i (7 & f2 0 X 1% Solomon (1987)
K2 TR U E D Rk S FRIEHE LT A MEEFARE R AT

Wang and Cheu (2013)+2 43 Erdogan and Miller-Hooks (2012)#z ! </ GVRP R
oK F AT A T U2 e X B4 (Paired PDPTW with Charging
Station) » RLF[PRAFFE TF K2 R B4R D 2 AR TTE BT 7 AT B AR H [
FSRD SRIE - IS R W §RPRTS L*’]‘#?Tﬁfiﬂﬁizlﬂﬁ T_E Rz 7P AR
BIERFA P RG B 2 fRls DR TR - LB PR
2 REAAEN S B - R RSPETE 2 (earliest time window insertion
heuristic)i fAz 42 > 5 = PR * e B 2 2 B E F L F 2 4 e Az
FURABFE? S LFERG PR REST R i" SEBPIR LREE R
B2 PR HIARL S RF 2 BB T e ARt o

Schneider et al. (2014)#& &1 2 pF % *W4]2 T & 2 §mi 42 1° 3L (Electric Vehicle
Routing Problem with Time Windows, EVRPTW) » < jg g £ 2. FF % 4]~ 2 ¢ 2 &
TEFDEHATENE R EF E 20U PR ] PR E D Rl d
A EIERE Py R HD L EER - BeE o a kD E T
2P T R A G A o BT R AR IOF 2 (VNS)fr 2 & 0 2 (TS)% B
— Fog R B 5 VNS/TS 473 E-VRPTW R 38 12 s SRS 40 F 5 RE i A 2 13
B B eiHFecd B ¥ U RERIIVE(SA) G B oL i Rec R

Rl o Bts » A2 p (7335 E-VRPTW B 42§ bRl VNS/TS ffz e % &
7 > VNS/TS iv 0 5 »xpr B fo88 — g fg o ptob > oy fi* 26 dphd 2 g 42
i ﬁig‘%bdiﬁdéﬁ—i&! Py 4m o A9 ph P e feR 4L 32 MDVRPI -
GVRP ~ VRPTW » f& & A 3 = b2 B3 & % 7 @ 40> VNS/TS iw B i ¢ e M { &
R g P A RE R w2l LR o d T L P
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Felipe et al. (2014) #=# Erdogan and Miller-Hooks (2012)# ! 7 GVRP » 4 »
qtfﬁ“’ R4 e T (partial recharge) 2 & e R xbfed 2 B LR E¥2Z L E R T
ARFEEFAATRZ DR R ALE LRT AT RF
FR P RN A T 2% ¢ B gwik 421 42 (Green Vehicle
Routing Problem with Multlple Technologies and Partial Recharges, GVRP-MTPR) -
LI RFIFTEXF - * LT KW~ 2 RFEWEFF > gt 2
w2z v+ AL P 24 GVRP-MTPR H53% - F 3 1% Mg % B 00F & 2
(neighborhood local search)rz 2 57433 L % (SA) 2 AP 4L » H ¢ A e o 4
T :‘_Lﬁ‘ R B 2-0ptEATTIBAE LB R B L = A2 R B IF T £ (48A)0
TE B FRGEGRRE TR PAOF F 2 E R L E K2 GVRP-MTPR 2 4 »%
& 12 Erdogan and Miller-Hooks (2012)# ' <5 GVRP # ] » £ Schneider et al. (2014)
# 2 E-VRPTW e bliplsd B 4 I e 2 2 2 RjgErc e Sx o 0 o] 4l
B¢ ® B HOF F 2 2 R f2pF A & Erdogan and Miller-Hooks (2012) 4= Schneider
etal. (2014)#& 412 i & 2 E > X AlF b)Y o ORI V2 2 Rz onkE bR
BT R TREATHRE AR AT RS E F P RBEHAAT A AL PR

o

Keskin and Catay (2016) ' Schneider et al. (2014)# 1 2. EVRPTW F® 4% 5 A
AR R BRE AR T A TR AT R B2 R L)
FEEPET U 2R T R BB LB R RIER L P R Y RN
LR AP U2 R P §mik A28 3L (EVRPTW and Partial Recharges, EVRPTW-
PR) > EVRPTW-PR £ ¥ g v/ T 2 @ §m AR 37 I &% > 2 ik v H5b2 §)
BT ET LR o A A i el X RS 0 F 5§ ¥ 2 (Adaptive Large
Neighborhood Search, ALNS) '}"\ﬁ’ir’ ) ;5' v oA “f /% & ;% (removal algorithms) ¢ 7 # "f

REZ BEE £ “ﬁ% L N FE o F B 2 (insertion algorithms) @ 2 48 »~ AR £ BL3
» L g 2 34 ALNS ;ﬁ’w % ﬂ‘\ﬁ*ﬁﬁiﬁ %?Léfﬁrizpﬁ’*@ A - LR E S

THRBEERV FfE 2 i@ RBF 2L RERIRLY 2 RS SRR
N REI LR X UHREIMELRIT ﬁ#7’ ° B iS 0 Y
Schneider et al. (2014)x% 32 EVRPTW # & aﬁ%ﬁ’ﬁ/z T\ﬁir’é 0 B BT
ALNS 7 & 2 Rf2 ] 214 bl pF i Ao pr ) RO B2 @ A RfE S 3§ bR
ERALRINAS AT AT R L2 TIHEREREE A BT 2 N0 1.64%
BT 30 Su 2 Wk G OARHER R g 17 R EEAL o

ﬁ

-

=y

Barco etal. (2017)% & L # & §mi¢ * 2. § ¥ 02 ﬁvi’tﬁﬂ D R TR ]
ERAAAEN AL TR 22 T H D iRA AR I(EVRP) H P ARG B 1 RR
AR H? AR AT I AL B gm0 é7mﬂﬁ#é% 7 e U
R T L] ‘3¢F{‘?:§‘E‘ L~ FAETEE Ay Lo FE 2
(differential evolution) K f2 L & & §miz A2 AP 4g > ¥ WA FUR 52 2 AE LS
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R R RS N S R iﬁ v g;ﬁ-%}ﬁii—i GEUR-§-LEAEO R Y
Fugdd me it h M0 RS 2V AN R AT Y AT
TRTH ﬁ#¢**@&ﬂzkr9 MR EERAERT 2T A

=4

“

Yang and Sun (2015)#% 41 T & @ T 4 2 E R o d iR AR %\(Electrlc
Vehicles Battery Swap Stations Location Routing Problem, BSS-EV-LRP) » # 7 =k &
/3}\,.:_-*_'35/"/?.?"6" 2 s @ AR TAT RS HE2 8 R AR
R EE - B2 T D iﬁ:‘:ﬁ‘} LASNAE B RS B PR ¢%¢"€«L“‘4f§s\
Afed fmcii S Ao F B S BECE N F B2 ff2 BSS-EV-LRP> % - B 2 TS-
MCWS % & 2 » % & # & & ;2 {v Modified Clarke and Wright Savings i#% & i2 ;
%- 5 SIGALNS jw 52 > Hig v v fd g B2 A WA b2 F 3 % -
PP T RTd 8 Jand T o I A FFL TR SRR SA R F -
PRl F R R AE o ko ~f“f$1§&£ fed Ao PR BT kg E
R AT DR B RS AN Y R Z R R S RBORBEE 2 > £AT
S5 I SR YR AN R IS A S A Il E A SR e R U Nk
CVRP & bRl f8if & 2 e »2 o 5% B SIGALNS 2 T 32 R jzsed & TS-
MCWS - ¥ 513 Zad 2 T Ll s 5 - A hisy FHaLdd 2
(TREEAEN A N EFAFEAA VR CRREFL AP BEER TR
BB B 2 a4 o A AR o

Hof et al. (2017) 4] * i & 1+ % & M & j§ & ;# (adaptive variable
neighborhood search) #-f# Yang and Sun (2015)3% #12. R # & T ¥ 2 #xhEp {od
ik A2 K AL(BSS-EV-LRP)> B 455 o] (v T % 2 sbt i A2 8 gRe 7 3 Ao
F2 7 #% 4 Yang and Sun (2015) # )2 BSS-EV-LRP & & A 2 & &) 2]38 AVNS
w2 Hoc s ¥ Yang and Sun (2015) #74% 212 SIGALNS ;% & /2 £z %
fErt i 2% B AVNS i 5 i it sc L SIGALNS i & izt R 2 B d 3 ¥ iy
ROUKE 2 DA Lk o
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and e B ML iE i .
i s ) L
F'QHOZzi %u Fj;”z.— iﬁs'fﬁ 7 B A LT ; %ﬁ,\, B / 5
s # . '
Erdogan Uik S g Vi 2 et o R g ARE AR
e o2 e s Hiw &
and R e B S
] 1l /? e N -t 1=
Miller- — c B R
Hooks iﬁjj\ ERE A2 B iR | B fEh R fiE s A1 g 3t
o' S - X 7 5 s £4 X
(2012) e 5 gy fb'ﬁ’ﬁﬁﬁ'ﬁ | E g fen R A
Wang and | » Flei i BowEx e iAs N
I ?@»L% n }‘{7*7 . ]%{-71\-&?
Cheu o 2 8 pRAE | o] it » B b e
EHF R 2 g i* RLE
(2013) B R igde | He 7 REEZPET
Schnei el e | RERE D
chneider 4 £l T 2 B | Ko R
et Y FRE 3k Ar gy
al. B . LR
(201 PRS2 e het i Bk grecy W
4) P2 i AT B~ FRGE | BT ﬁi'qﬁ*%;@gg
‘ i =2l S I oE & Fow i j
. 'u?déh—é'ifﬁ* _ T g %ﬁ{“é& L ﬁ* %_’ AR g E
Felipe et - el ESR A )
al. (20 bTOPR A% 2 ik AT R e RLIOH 2
. B AR =S . 3 .
14) | 31> m3F 2 gRe Bk 12 2R R 2
—~ iﬁaig&\ Vd PR 3 - iﬁ;}
U ﬁ_‘ - b ®w, é\: j\ i‘]%?ﬂ—% ‘/g P ,E‘:t]"
R B g ® R AR T
vancand | " E P R i
gand . LA ﬁiﬁ%{ i | B AN ST
(2015 BT AR O VR ERE e . e
) . Dol % ek | XA *h%”_ ﬁﬁﬁf&—“%‘q\a FOi R 2 L H0R R
N Afrd s | A ENER
F o iw | FlERE L3 NEY v
KeSklﬂ . S f:" = A R L s ?é'? N7 ]!Pb
RS ER T B 3 °
and i PRﬂ L oL (SIGA & NI SN E
IR A 2 i AR LNS ‘
Qatay ﬁlJ , A2 = %iiﬁ‘ ﬁxfj A j‘jg‘:ﬁ;’*_ﬁ )
" o Fq:_g; - 7= 5;_"1%!%,’_%
(2016) A e | IEAL pE P B e
|: - ) K> LA A 2 2R}
Barco et VI TR = AR O B N
. o17) | S s
) l 'E‘}EF 235 2 N N Mt P
7) il RIx2_ i 4% ﬁ" | i s R b g AT
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7ok d iR ¢ Schiffer & 5§ 2w iR LA FE
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25 Pz RBARM ¥R

PF 7 4 B 5N (time-space network model) &2 4 i & 05N & o1 g fE 2 B
A7 > H 2rad B e gk n £ #5058 (connection-based flow model)# i & 2. £ B 4%
BRI R RN A S RLT LS () m SRk e R EMA T S R
=% (=) ¥ &}UF - BRI o R o BE R R RREOS R A R R 2 & MIT LTI (e
T M FBEL T ATIX(RR)E B B2 B R B o P R 2 A A
R A 4 AT FL (PR BFF 3 4paid 4 (compatible trip)z. & & 0 Fpt o 22id
FARRCERSY R AT BT EFRERT BN 7% e Mk
(Bunte & Kliewer, 2009) -

TSR R R T BRI AL 2 2*#@31%—@ iR AR R AL
Bk > Bl 2-3 5 2 e 2 g RRE > - BEE L - KR RE
EERS G SRSy EEE A SRS G 7 rihh B FIFI= g B
%) 2 i%ié%iﬂéﬁiiﬂé%ﬁ%i@#%f AL G B & B ATIIT g Py & g Bh
il Ev &R @R FEL BFAOrI R g a Y @skins - PR
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