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Mathematical model construction for routing optimization problem of
vehicle-drone hybrid formation

HU Da-wei, CHEN Hai-mei, LIANG Yi-wei, WANG Ning
(School of Transportation Engineering, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: To study the hybrid formation problem of drone and traditional vehicle distribution,
that is, vehicle and drone hybrid formation routing optimization problem (vehicle-drone routing
problem, VDRP), the domestic and foreign literature in recent years was reviewed, about
construction methods of mathematical model of drones and vehicle distribution routing
optimization. Based on the traveling salesman problem model (traveling salesman problem, TSP)
and vehicle routing problem model (vehicle routing problem, VRP), the basic framework of the

mathematical models of TSP-D (traveling salesman problem with drone) and VRP-D (vehicle
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routing problem with drone) was constructed, the network structure and constraints in each
model, combined with the characteristics of drone operation was considered. In particular, the
possible additional constraints in the case of multi-drones and simultaneous pick-up and delivery
were given. Compared with the traditional TSP and VRP models, the network was more complex
when drone was integrated into the distribution routing optimization problem. When constructed
the VDRP model, in addition to the traditional vehicle routing constraints and vehicle time
constraints, the drone routing constraints and drone time constraints should be considered. In
particular, it is necessary to increase the cooperative constraints of vehicle and drone in path node
and time coordination. Given the complexity of the model, LINGO software and a series of small-
scale examples to calculate the model were used. The results show that the distribution mode of
vehicle and drone hybrid formation has some advantages over the traditional single vehicle
distribution mode in saving distribution cost. Finally, by summarizing the existing research,
VDRP main research direction in the future is proposed, such as the construction of more realistic
models, the design of accurate and heuristic algorithms, and the construction of data sources for
test examples. 5 tabs, 6 figs, 34 refs.

Key words: traffic engineering; transportation; vehicle distribution; drone distribution; hybrid

formation; routing optimization
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Possible scenarios for VDRP problems

R B R A

Tab. 1

oy Jm b
LRS- NI
o

— =Bl — G2 M S5 T ANIFAT R

— WL LA — KRl ik
Fe5 A G RE IR F AR5 1
G 5 BB RAT 420 B IRCES) s B 3h e
BECEAALTE R AT 4% 0 1 2 A7 78 L B 3% T e/
) s AT AL AL 55

1P R 1) A v A5 AR v O T L TR LI R
AR A5 AT — 2 o ALY 2 B0 R ST

T NP iR 25K

R 55

Jo A LAY E %
H R

K
Hi% # U AT O 5 WO 5 5 Y AT
HRRBEE | BEER . AR
1.3 HxXxHIRELH
Bk R 3 R b o G B B A e /N R R B
A, 30 AT LR 3 ST PR T B Hofh B AR R
(1) B[] e JE
min z, = Zmax{l;‘.’Tl S (57)
v=1
min z;, = max >, {05 Vo€ V) (58)
v=1

K (57) K (58) 43 Jll K B L 3% B (8] =, F/Ih
56T A BC I R TE] = dR/h .

(2) % PV A5 5 B [ d5

R TR R R R T DL R T
b 18] J5e J6 R B AR 14 2 40 T8 B A% R Rl 1] fE Csim-

ultaneous traveling repairman problem with drones,



% 14

PRAEF  E IS AN B TA ) FE AR AL 5] B AR A My 85

STRPD),

(3) I £ MR 55 % P 8 i

Tr [5] R L 2% 6] B (same-day delivery, SDD) th
WURARRZMRS % NEWm. EFEHSNE
Fras R AR i 2 IR 55 % P B E S B B
IRBER SRR,
1.4 VDRP #HI{EL

ZE L P Ik B A S bR N 7 SR 09 B RS
T N HLUMEBC 3% B A2 A4 0] R 1Y) 002 B R 3% 8 OB
323 Bifi o () B 4% 1 09 A8 Ak T ke A — e e AE , H 2
TC e B 5B SR F AT A OB 2L BE T n) A AR
SR LUIE S Sy DUR s B R R SE AR g5 4, Horp 2
S HARE . fCo) 2 HAR{E p& £ B

min B max z= f(x) (59)

5 A TE N LS AR R AR O Y 29 TR
SER NN RIEE I PSVESES

55 A4 TG N HIL B TR 4 AH 5 B 2 R
KRN WNCIN PR EPS U ES T
Hoftr 297

AL
2 tEAR

Shy A i R R AR A R HE A RO L AR SR ]
AN B (1 AN L7 A% P s iE AT A 7 )
2 R ] Solomom 491 A Ay % 1 i i Ei 40 ok U
X} Solomom B ] g v AR [W] & B 1) 4 Hig (R101,
C101.RCI01) 43 BAE & 3 41554 (C ZR 5 E B h %
FUS AR BE A A s R RV b & P SR A o
i s RC RAVE B % - SR G 50D, 3 9 A5
B BAETE R 2,5 0 A BE TR 1~7T IE
FUml BRI R SRR B R 3 s, T U LB
¥4, H LINGO 11. 0 435 %5 TSP-D Flf% 48 TSP,
VRP-D Filf& 4t VRP BRI HEAT 3R i, oK M 25 R n &
4. K5 PR, IFE3I~F 5 AJH:

(DL REFET TSP £ J& VRP [ ¥ i fic 2% B
R 25 8 A JE AMLIE B B TSP-D Al VRP-D 44
T, 359 ol 45 T A6 A A5 3 TR R R A T AR AR
PLE AR d5z /N Sk B Aw 8 ST R AL, 2 DL S8 R B 2% B
6] £z /N Jg H bR B L PR T8 A BL A 2R R — BT R
K L TSP-D fit VRP-D #1503 & 6 48 TSP
F1 VRP Bk B E 54 . an &l 5. & 6 B (&l 5.l

6 235 h B H) RC101(3) \R101(3) MR it B4

(O X AR R 0 3], 2 % ol 2 B 5
Sy At (R &R 0B i A TS A HLE 09 BE 1%
B QR AT B KT W SRR S & P s Y A A A
B &P RZEEERRSFEN: YE P AR RE
Sy AT CC RBNVE B, PR 0  77 05 2 0] B
BN TE B T R4S 195 48 5/ T 2 AN 4R RE
Vi) (1 B A A, A T G AL A T 3% 9 R L o LA
FHJE AMLE AT BE 3%, T DLSE 3 050 ) 3R A5 1 0 48 8%
AN TR A BB (RC R 536D 25 2R 8 o 4y 29 {8 4b
F R RZFIF A C RIVF B Z (8], 75245 H 0=
H T AR SCH BB A2 /N L TR A BB (RC R B 3B
Hhg PSS o A 5 A RE A (C R A E D M AfF
(0 o T REXE LA FE 0 IR B . X 58 A T A KR
S — R E

T 3 X AR S A R AT /N B 3 R B A G
Z A T 26 B 2 A JE LS A R 1 B AR T 4 X
T L Ve o A =2 S S R T B VS M= N

3 & iE

(1) AR SCAR 8 35 4 5k T8 A ML F 9 9 i 3% 1Y
KRR E L 5 TSP Al VRP #58I JE Rl |, 4
FEX TN RS 1INOE €3 Fi I ol = R 7T
B BERE b BR AT G038 SR AR fe /ML Z 80 B T
L ER NG RSN R & - SR & 8 N
e N R A 3 LS o s o 71 1 S T o
X ICTESY SN NG N - S T RS N T o
NALE A 29 o 5, LT i [ 42 0 Ak 3 72 op 42 4
T ANLZ B KR .

(2) M UESE 44 5 0 ANPLIR A B 3% 09 08 8 4k
SR /N HASE 00 3 5 40 o R T O Ak 3K ik 25 % AL A 1Y
BERIIEAT T A R A 25 T 8 n 78 38 R AR 23 2%
J5 T« 4240 5 T8 N LR A 4 BN 9 300 i 6 A X 2L
A — 2D BEAR ) A 1V T

(3) I 2 1) LA Sk A7 7 = K AT 66 B9 B 58 5 1)
O S0 A5 A Al A A ARy B 2R L Al SR Y
FH G a1 8 2 52 i B b s oF AL b A4 5 e A
HLAY TC B 5 I 5% 5 385 o A 80 149 52 B g FH A0 A 5 %
B2 HARM B AR R B J#E ST . ORI R a &
XE BT HuTM e VDRP 0] 5 K i 5k
/b VDRP [a] 81 &2 22 k2 R E RN 2 — (3 )&
B 5 BT 1 A A8 A 2 B L R RS B L DU



86 ¥ XFFROGAAER 2021 #
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Tab. 2 Example data
El =17 RiP=
WEFE 0 1 2 3 4 5 6 7
R AR X 40 45 25 38 15 28 15 38
C101(D) -
TS AR Y 50 70 85 68 75 52 80 70
R gi/kg 0 30 20 20 20 20 1 1
WEFES 0 1 2 3 4 5 6 7
5 AL X 40 42 35 22 38 28 30 25
C#&7%)| Clo1(2) -
NI Y 50 65 66 75 68 55 50 52
TRk g /ke 0 10 10 30 20 10 1 4
WATS 0 1 2 3 4 5 6 7
TR AR X, 40 40 35 22 18 25 30 42
C101(3) —
TENBIRY 50 69 69 85 75 50 52 66
ok ¢ /ke 0 20 10 10 20 10 2 1
WS 0 1 2 3 4 5 6 7
TR AR AR X, 35 41 55 15 55 45 55 20
R101(1) —
TR Y; 35 49 45 30 60 20 5 50
%jzi q./kg 0 10.0 13.0 26.0 16.0 11.0 2.9 5.0
R 0 1 2 3 4 5 6 7
. R AR AR X 35 35 55 10 30 45 65 25
R %% | R101(2) -
YA RR Y 35 17 20 43 60 10 35 30
TR & qi/ke 0 7 19 9 16 18 3 3
W EFE 0 1 2 3 4 5 6 7
SR AR AR X 35 41 55 10 50 10 45 65
R101(3)
AR Y, 35 49 20 43 35 20 65 35
iR g /kg 0 10. 0 19.0 9.0 19.0 19.0 2.9 3.0
WEFES 0 1 2 3 4 5 6 7
AR AR X 35 41 55 30 30 10 15 20
RC101(1)
W ABAR Y 35 49 20 60 25 20 60 50
Tk ¢/ ke 0 10.0 19.0 16.0 23.0 19.0 3.7 5.0
AT 0 1 2 3 4 5 6 7
S AR X 35 15 55 20 30 15 5 35
RC %] RC101(2) —
RN Y, 35 30 60 65 5 65 30 17
TR ¢i/ke 0 26 16 12 8 9 2 5
R 0 1 2 3 4 5 6 7
TR AR R X 35 55 10 50 15 20 45 25
RC101(3) -
AP AL RR Y 35 45 43 35 10 40 20 30
%jzi q./kg 0 13.0 9.0 19.0 20.0 12.0 4.1 3.0
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W VDRP [ i 4 T B A Logistics support approach for drone delivery fleet
e fi T GE BT B T L [C]//ALBA E.CHICANO F,LUQUE G. Proceed-
AT G — BRI 280 R DR IR S i ) R A ST ings of International Conference on Smart Cities.
BB B U ik B S AR L, Cham: Springer, 2017 :86-96.

[ 1] TROUDI A, ADDOUCHE S A,DELLAGI S, et al.
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Tab.3 Values of model’s parameters

TSP, TSP-D i} |VRP, VRP-D it

HfE W fE
TAMTF-BHE g°/(km « h™1) 84 84
Te LA BE B GE i R AR P/

1.42 1.42
(J€ * km™ 1)
T AMLH LT F) e/h 1.5 1.5
T AW € 8 H QP /kg 5 5
T NHLAEZ P 1 i 55 1 1] SP/h 0.016 7 0.016 7
ZERHAE % S 0 IR %5 ] ST /h 0.008 33 0.008 33
k45 Q" /kg 60
L E g7/ (km « h™1) 50 30
PR A RS B AR T/

3.72 5.00
(€« km™ 1)
K FTNMT LI T/ h 0.016 7 0.016 7
[ T A ML ZE R s E] TR /h 0.008 33 0.008 33
Rt 8 3
— AR KN M 1000 1 000

B R R R T Sk,

%4 TISP-D 5 ISP A KA ERATEL

Tab. 4 Comparisons of solution results between TSP and TSP-D model

A WY (N AP
R | BB
TSP TSP-D | Lufil % |F-H1E %| H1E %
C101(1) |388.779 5/381.197 4| 1.95
C &% | C101(2) |297.816 1{282.033 5| 5.30 2.67
C101(3) |363.297 6|360.581 7| 0.75
R101(1) | 636.547 3|520. 848 1| 18.18
R Z%1 | R101(2) |604.020 1|518.356 9| 14.18 | 16.36 8. 60
R101(3) | 686.928 9|572.106 8| 16.72
. RC101(1)|594. 090 1|549.308 0| 7.54
R(/A RC101(2)|656. 318 1|608. 986 6| 7.21 6.79
A1 RC101(3)(547. 408 5|516. 684 4| 5.61
&5 VRP-D5 VRP #EIKMEERILL
Tab.5 Comparisons of solution results between VRP and VRP-D model
A WL HN Y| WA
#50 | HH)
TSP TSP-D | Wil % |FEHIME %] BIE %
C101(1) | 808.359 5|765.114 0| 5.35
C &% | C101(2) [556.631 9{549.090 2| 1.35 2.80
C101(3) |656.537 6|645.433 9| 1.69
R101(1) |932. 679 1|807.298 4| 13.44
R 7% | R101(2) |875.750 6|764.915 7| 12.66 | 12.27 6.21
R101(3) |975. 111 0|870. 672 1| 10.71
. RC101(1)(897.106 0|874.091 1| 2.57
R RC101(2){993. 539 2/969. 924 0| 2.38 3.56
e RC101(3)|802. 747 6| 756.603 4| 5.75
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Fig. 5 Solution routing of TSP and TSP-D models
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