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Abstract

The vehicle logistics is a complex branch in the field of logistics. Because of vehicles
and vehicle transporters have a variety of specifications, the current logistics company
make transportation plan mainly depends on scheduling personnel's experience, in the
face of complex transportation tasks, however, are often inefficient, and transp
cost is not ideal. This paper used the E problem dates of the National Mat al

Modeling Contest for Postgraduates in 2014 to study the mathemati del is
established to solve the problem of loading method of vehicles and tra on plan
Firstly, 2207 vehicles can be divided into four cat s, we TLAB to

calculation the loading method of vehicles for 10 type ellicleranspefters, then we
take vehicle transporter minimum number as optini bjec ivaehicle demand
and the proportion of vehicle transporters as th’v raint % wns to establish the
integer programming model, and finally we used LINGO pro ming to calculate the
optimal transport plan is: vehicle transpor um na@w 127.

Keywords: Vehicle logistics; Transp@ﬁon plgc\®er programming model

1. Background

The automobile industr Qpldly d d along with the rapid development of
Chinese economy. As sult, the ive logistics sharply rises in the market
segment of Chlnese ics indu and the industry position thereof is also
continuously enh the m@%mplex logistics field, the vehicle logistics has high
technical conte onIy portation and storage, but also for loading and
unloading. years, the requirement for continuously improving logistics
service, m@wterpri have strong requirement for reducing logistics cost[1].
Specifically, the vehicl%lstics cost is composed of transportation cost, storage cost and
management cost, In the transportation cost has the highest proportion among the
above three ite occupies more than 40% of the total logistics cost[2]. Therefore,
the transportati st reduction is especially important for the vehicle logistics.
er vehicle manufacture usually issues the task to a logistics company for
e passenger vehicles all over the country according to the vehicle purchase
he clients in the country, and then the logistics company makes the
ding transportation plan to deliver this batch of passenger vehicles according to
sk issued above. Therefore, the logistics company needs to firstly select some
velicle transporters among the available “vehicle transporters” at that time and then
provide the passenger vehicle loading scheme and the destination for each vehicle
transporter in order to ensure the completion of the transportation task. At present, due to
such reasons as multiple specifications of vehicle transporters and passenger vehicles, the
logistics company mainly relies on the experiences of the dispatching personnel to make
the transportation plan. However, in case of complex transportation task, the above
method usually has low efficiency and dissatisfactory transportation cost.
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2. Domestic and International Research Status and Research Object

After being firstly proposed by Dantzing and Ramser[3] in 1959, VSP (Vehicle
Scheduling Problem) has been highly concerned by the experts, the transportation
planners and the mangers in such disciplines as operational research, applied
mathematics, combinatorial mathematics, network analysis, graph theory and computer
application. Meanwhile, a great progress has been achieved through a lot of theoretical
researches and experimental analysis carried out thereby. The research contents can be
roughly divided into two parts:

2.1. Vehicle Transporter Stowage Problem

Tang Zhizhong, et al. (2012)[4] have developed a set of auxiliary stowage dispatching
decision analysis system.

Yuan Zhenglei (2008) [5] has adopted the “clustering” thought to reduce the pigble
scale and meanwhile adopted the existing VRP algorithm to solve large-scale pr

2.2. Vehicle Transporter Dispatching and Route Optimization Probl
Sally Kassem and Mingyuan Chen(2013)[6] have d&%ed a h%u: method to

solve such n-p difficulty as vehicle dispatching proble

Roberto Baldacci(2011)[7], et al. have adopt Qﬂ]m to solve the
capacitated vehicle routing problem with time wm

Behnam Vahdani(2012)[8] has proposed new heurlstlc vehicle route
dispatching and cross delivery system for S the deI| e optimization problem.

Zhang Tengsong (2012)[9] has anal the v oglstlcs route status of SQ

Company, solved the capacitated pro er CVRP, and adopted the
specific calculation instance to ve ffectl% and the applicability of the model
and the algorithm so as to obtai ptlmlz esu

Ma Shihua, et al. (2006) ave desi heurlstlc algorithm used for generating
the vehicle logistics dlstrl ion plan while adopted relevant calculation instance
ould be o rapidly process the orders and generate the
vehicle logistics distriutien plan.

Jia Yunmei, e 09)[ established the dual-objective mathematical model
to divide the.p into two es: in the first stage, the improved dynamic clustering
algorithm d to«as the delivery tasks of the vehicles; in the second stage, the
dynamic pla g met adopted to obtain the sequence of the demand points passed
by the vehicles in v egions so as to minimize the route.

The data of n E in 2014 National Postgraduates’ Mathematical Contest in

Modeling are aflopted in the paper. Specifically, the reduction of the vehicle transporter
quantity the*logistics cost is taken as the optimization objective to establish the
corresp integer programming model in order to research the optimal loading
sche the vehicle transporters and the transportation planning problem.

odel Hypothesis

The vehicle logistics cost is assumed to be firstly influenced by the vehicle transporter
guantity. Under the condition of the same vehicle transporter quantity, the use costs of the
three types of vehicle transporters are ranked in a descending order as follows: Type 2-2,
Type 2-1 and Type 1-1; under the condition of the same vehicle transporter quantity and
the same transporter type, the vehicle transporter with short route has low cost; the vehicle
transporters do not need to be unloaded or driven back after arriving at the destinations,
and the unloading cost is ignored.
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4. Modeling and Solution

4.1. Passenger Vehicle Classification and Full Loading Schemes of Vehicle
Transporters

Lengths, widths and heights of 45 types of 2,207 passenger vehicles and the demand
guantities of the five destinations ---- A,B,C, D and E are as shown in Table 1. There
are many types of passenger vehicles, so these passenger vehicles are firstly divided into
four major types, as shown in the following table.

Table 1. Passenger Vehicle Classification and Demand Quantities of
Various Destinations

Passenger . .. Demand Demand Demand Demand Demand .
Vehicle L%T%th V\(/:%h H?r'n%ht Quantity Quantity Quantity Quantity Quantit Pe
Type A B C D E. '
Y2, 4,
15, 17,
% Q( 19, 23-
I 516 1.895 1.93 87 6\ \/ 25, 28,

O \/ 33, 34,
41, 43)

KN o i

\ 13, 16,

21, 22,

il 467 184 1.86 @ \Q&o 96 91 26,31,
(g\ 32, 35-

A 38, 42,

45)

\Q 3,57,

Q 8, 14,

18, 20,

il 4. 42 1 (& 95 88 78 27 29,

30, 39,

( ? 40)
IV 1 1961 478 2 0 0 1 1 44

Types, spe(;h?i&@ and quantities of 10 types of 151 vehicle transporters are as

shown in Tabl

r&able 2. Vehicle Transporter Specification and Quantity

Upper-  Upper Lower . .
O Vehicle Transporter Type Lower  Width Width Hfr'n%ht Q(L;,%]g;y
Length(m) (m) (m)
Eight-position Dual-bridge Edge-
1 wheel Van Type 1-1 19 2.7 27 435 21
Ten-position Dual-bridge Dual-
2 wheel Van Type 1-1 18.3 2.9 2.9 4.4 18
Twelve-position Dual-bridge
3 Dual-wheel Van Type 1-1 24.3 2.7 2.7 4.3 22
4 Ten-position Dual-bridge Edge- 99 27 27 435 15

wheel Van Type 1-1
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Upper-  Upper Lower
No. Vehicle Transporter Type Lower  Width Width
Length (m) (m) (m)

Height Quantity
(m)  (PCS)

Nineteen-position Dual-bridge

> Dual-wheel Framework Type 1-2 23.7 36 28 39 10
5 el Framework Type 11 182 27 27 36 2
T el Framenork ype L1 2L 27 27 36 4
8 CaheelFamework Ty 11 2L 27 27 39 1
i P R T
10 Seventeen-position Dual-bridge 933 35 ”7

Dual-wheel Framework Type 1-2

MATLAB software is adopted for programming to calculate the full lo
of the ten types of vehicle transporters as shown in Table 1 to\trapsport
passenger vehicles (there are only four Type IV p er veh

specifications, so these passenger vehicles are independe adésl,a :
full loading schemes of No0.1~10 vehicle transpor; resp W follows: 27, 22,
42, 35, 16, 20, 35, 35, 1, 15. The massive data are led. \

4.2. Transportation Plan Optimizatiorlw@ and é@n
The transportation route diagram i \ owr ir@;ure 1, wherein the lengths of
various segments are as follows: 0, D@s A=200, DB=120, BE=104 and

AE=60. A@

N °
Figure 1. Transportation Route

Thr. @nsportation routes are assumed as follows: O — D —C is the first transportation
rout —D-B-Ais the second transportation route; O—D-B—-E is the third
%}ortaﬁon route. According to Figure 1, the three transportation routes all
pass OD segment, the second and third transportation routes both pass ODB segment.

a;,b;,c;,d; ande; are respectively assumed as the demand quantities of Types I, Il and 111
passenger vehicles at Points A,B,C,DandE ; I;;is the quantity of Type | passenger
vehicles unloaded at Point D on thei th transportation route, I;, is the quantity of Type Il

passenger vehicles unloaded at Point D on the i th transportation route, and f; is the
quantity of Type Il passenger vehicles unloaded at Point D on thei th transportation
route; S;; is the quantity of Type | passenger vehicles unloaded at Point B on thei th

transportation route, S;, is the quantity of Type Il passenger vehicles unloaded at
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Point B on the i th transportation route, and S;; is the quantity of Type Il passenger
vehicles unloaded at Point B on thei th transportation route; aa; is the quantity of Type I
passenger vehicles loaded by the i th type of vehicle transporters in the j th full loading
scheme, bby; is the quantity of Type Il passenger vehicles loaded by the i th type of vehicle
transporters in the j th full loading scheme, and €c; is the quantity of Type Il passenger
vehicles loaded by the i th type of vehicle transporters in the j th full loading
scheme; Xj is the quantity of thek th type of vehicle transporters used for loading the

passenger vehicles on the i th transportation route according to the j th full loading
scheme. Subsequently, according to the subject meaning, the minimization of the quantity
of the wvehicle transporters used for finishing the transportation tasks for the five
destinations is taken as the objective, the demand quantities of the passenger vehicles o

the three transportation routes and the condition that the quantity of Type 1- le
transporters is at most 20% of the quantity of Type 1-1 vehicle transporte ken as

the constraint conditions. Correspondingly, the integer grammm of the
transportation plan is as follows: % Q

min = ZZX-11+ZZX-JZ+ZZX-J3® ja + +Zix.,6+

j=1 i=1 j=1 i=1 j=1 i=1 j=1i=1

ZZX.,7+ZZX.,8+2@QZZX@

j=1 i=1 j=1 i=1

2 %, .
st. injl-aaijJerijz- ) @ aasjg‘gg aa4J+qus ag; + )Xo - 88
: _ s

j=1

+ZX'J7 aa7J+Z ij X\% +ZX|110 aaiO] =G+ =123

=
20
X1 -bby +&gé +qu4 -bb jJerijs-bbsijinjﬁ-bbejJr
03,
|19 b

+ZX|110 bblO] a +r,+s, i=123

injl-cclj+ +qu3 cc31+2x”4 cc4]+ZxI15 CCs,+ZX.,e CCy; +
35 35 15

Z 760 +qu8 ccsj+2xIjg ccgj+2xIjlo CCo; =€ + 1y +Sy; 1=1,2,3

i1 +ZZX.12 +ZZX.13 +szu4 +szuﬁ +ZZ>ﬂn +ZZX118) 0.2

j=1i=1 j=1i=1 j=1i=1 j=1i=1 j=1i=1 j=1i=1

15 3
Xij5 - injlo 20 (4)
=1 i=1 j=1 i=1
Zs:rij:di i=12,3 (5)
j=1
Zz;sij =b 1=123 (6)
=
27 3
Z <21 ZZX,JZ <18 - ZZX,JS <22- ZZXM <15- ZZX,JS <10:
j=1 i=1 j=1 i=1 j=1i=1 j=1 i=1 j=1 i=1

Copyright © 2016 SERSC 63

)

(2)

©)



International Journal of Smart Home
Vol. 10, No. 9 (2016)

ZZXUG <25; ZZxW <4; Zqug <6; ZZX,JQ <5: szuw <15 )

j=1i=1 j=1 i=1 j=1 i=1l j=1i=1 j=1i=1

Where all variable are positive integers and the constraint conditions therein are
explained as follows: (D represents the demand quantity constraints of the three types of
passenger vehicles on the first transportation route (O—D—C ); (@ represents the
demand quantity constraints of the three types of passenger vehicles on the second
transportation route (O—D—B—A); @ represents the demand quantity constraints of
the three types of passenger vehicles on the third transportation route (O—-D—-B-E);
@ represents the vehicle transporter dispatching proportion constraint, and Type 1-2
vehicle transporters have high transportation cost, so the quantity of Type 1-2 vehicle
transporters shall not be more than 20% of the quantity of Type 1-1 vehicle transporters at
each time in order to conveniently arrange the subsequent tasks; (5 represents the demand,
quantity constraints of the three types of passenger vehicles at Point D ; & repr, GV
demand quantity constraints of the three types of passenger vehicles a
represents the quantity constraints of the ten types of vehicle transporters. Q

LINGO software is adopted for programming to obtai Iobally lution of

the model, namely 126. The dispatching summary t\s in Table 3
(according to the dispatching result, No.6 vehicle ers arzgvms so one No.6
sseng es, and such result

ntlty of the, Vehicle transporters is

vehicle transporter is dispatched to load four Typ
is also included in the summary table, so the total

127, namely the optimal dispatching schemefzo
*

Table 3. Dispa i@lmmary

S\ Fransportation Route Total

No. Vehicle TranspO\e 3DC ODA ODE 127
Eight-position Dual-Bridge Edge- h@
1 5 21
Van el-1
2 Ten—posmg@ idge Dua 7 3 18
ype 1- J%
3 Twelv bgl on Du Dual- 0 20 2 29
el Van
4 Te @ tion Dual ge Edge-wheel 0 14 1 15
Val el-1
5 Nineteen-p Dual-bridge Dual- 1 5 3 6+1
w ework Type 1-2
5 Ten-po Single-bridge Dual-wheel 3 0 1 4

ramework Type 1-1

$osition Single-bridge Dual-wheel
! 0@ Framework Type 1-1 0 4 0 4
en-position Single-bridge Dual-wheel
@ Framework Type 1-1 9 0 ! 16
Nineteen-position Dual-bridge Dual-
wheel Framework Type 2-2
Seventeen-position Dual-bridge Dual-
wheel Framework Type 1-2

9

10
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Table 4. Full Loading Combination of Ten Types of Vehicle Transporters
and Transporter Quantities on Three Transportation Routes

Quantity Quantity Quantity of Vehicle Transporter Quantity
of Type | of Type Il Type Il under Same Full Loading Mode
Vehicles Vehicles Vehicles

Vehicle Full
Transporter Loading

No. Mode No. Loaded  Loaded Loaded Total O-D-C O-D-A O-D-E

1 16 2 0 5 16 16 0 0
13 0 8 0 5 0 0 5

2 10 3 1 3 15 8 7 0
3 0 2 6 3 0 0 3

3 26 1 9 0 200 0 20 NO ¢
25 1 8 1 1 0 0
27 2 5 3 1 0 @ 1

4 35 4 4 0 %+ 0 1

5 5 0 4 11 \1 1 0 0
16 4 0 2 \/ 2 0
10 1 3 2\\6 0 2
12 2 0 013 . % 0 0 1

6 8 3 0 O 4 N\ 3 0 1

7 35 4 %\ ‘\Q 4 0 4 0

8 35 4 4 sgb\ 2 9 0 3
24 Q@ 3, ) 4 0 0 4

9 1 0 N~ 16 5 1 0 4

10 14 @ 10 8 3 1 4
15, 4\ 0 10 7 1 6 0

N\ ) )
5. Conclusi \Q
Firstly, ssenge ieles are classified in the paper; secondly, Matlab software is

adopted for progra to find the full loading scheme of each type of vehicle
transporter so as t icantly reduce the number of the model variables, and the integer

LINGO software,is adopted for programming to solve the above model to obtain the
globally %al solution (the passenger vehicle classification can also influence the
result, e more detailed classification can result in more full loading schemes and
mor el variables, so the result less than 127 can be theoretically obtained). In
on, the whole calculation process is convenient and efficient, and the model has
applicability. For example, if transportation demand points and quantities & types of
passenger vehicles and vehicle transporters are increased, the globally optimal solution
can be also found through changing some variable values and adding some constraint
conditions on the basis of the established model.
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