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Multi-Objective Optimization Model and Solution for Easily Broken
Material Loading Based on Genetic Algorithms Under VMI
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Abstract: The material loading operation plan by artificial preparation has been unable to meet the requirements of the
timely delivery when the third party logistics enterprises are involved in vendor managed inventory strategy. According to
the characteristics of the easily broken material the multi-objective optimization model was established. The objective
functions of this model were the vehicle loading weight utilization rate and the volume utilization rate. The five con-
straints were introduced. The optimal solution of the model was obtained by genetic algorithm. The solving process was
introduced including the pre processing coding, the individual coding, the fitness selection and the genetic operation. The
genetic algorithm program was designed by using MATLAB genetic algorithm toolbox. The easily broken material boxes
loading optimization of the VMI distribution center was as an example to verify the validity of the program. Thus a whole
solution which contains the optimization model and the solution procedure was provided for the easily broken material

loading.
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1. INTRODUCTION

Just in time production (JIT, also known as non stock
production) is a kind of high quality, low consumption pro-
duction mode, which contains the characteristics and ad-
vantages of single production and mass production in multi
varieties and small batch mixed production. The inventory
problems of raw materials, semi-finished products and fin-
ished products must be solved, in order to implement JIT
production. The Vendor Managed Inventory (VMI) strategy
is a new efficient inventory management thought. It embod-
ies the thought of integrated management of supply chain
and it adapts to the changing market requirements. A VMI
HUB can be established in the vicinity of the manufacturing
enterprises. In VMI HUB, dozens or even hundreds of sup-
pliers which supply spare parts or raw materials for manu-
facturing enterprise are the third party logistics enterprise
management object. In the process of implementing VMI,
the material loading is one of the problems to be solved. The
material loading should be high frequency, short time, with
high quality and low cost [1, 2].

So the load and capacity of transport vehicles should be
fully utilized, and advanced loading methods should be
adopted to arrange the material assembled.

At present, the material loading plans are still compiled
by artificial. With many years of experience in the cargo
loading or presto wage operating post, the vehicle adminis-
trators make up different forms of goods to the whole vehicle,
according to the material packing size, the truck container
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volume and the sorting orders from the manufacturing enter-
prise. This distribution and transport method of goods is
called the less-than-truck-load transport. Due to the compli-
cated factors, a large amount of data, complex work, and the
artificial preparation of loading way is time-consuming and
requires a lot of manpower resources. And the loading effi-
ciency is low, because of the inability to consider the truck
types, volume, load, customer priority constraint.

At present the computer management system has yet to
solve the optimization problem of less than carload material
loading. Although there are some management systems,
which adopts the method of combination of human and
computer, provide the information required by computer, the
loading plan is still used manual decision method. The quali-
ty level of loading plan is influenced by the human experi-
ence.

Some special materials are required frequently for manu-
facturing enterprises, such as the electric control boxes,
lamps, glass products, ceramic products, precision guide,
instrument, display etc. When this kind of material is in ve-
hicle transportation, the following problems should be noted.
The first is that the heavy objects cannot be placed on the
material surface, so the packing box can not be stacked mul-
tilayer compaction. Second is that the packing boxes place-
ment directions cannot be reversed.

The cargo loading and presto wage optimization problem
can be abstracted as a single vehicle two-dimensional load-
ing optimization model. In this model, the volume and the
weight of the box constraints are considered, and the boxes
are rectangular. The goods must be loaded into the box in the
right angle direction, for every material box dimensions are
different in length, width, height.
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2. THE LOADING OPTIMIZATION METHOD

The material loading optimization research is an im-
portant branch of the Container Loading Problem (CLP)
study. Research on this issue is very few in Chinese. Theo-
retical study is backward cause that the artificial manage-
ment of the most transportation links in the logistics distribu-
tion center is backward. Therefore, both from a theoretical
point of view, and from the practical application point of
view, an effective solution for it is necessary to solve the
material loading problem better, and to implement the load-
ing strategy. There are many methods to solve material load-
ing optimization model; in essence, these methods can be
divided into two major categories of the exact algorithm and
the heuristic algorithm [3]. The exact algorithm refers to the
algorithm can get the optimal solution, such as the branch
and bound method, the cut plane method, the network flow
algorithm, the dynamic programming method, the integer
programming method and so on. The computational com-
plexity of exact algorithms is generally exponential growth,
with the increase of the scale of the problem. So it is only
suitable for solving small scale problems. Its application
scope is very limited. The loading problem is a group of dis-
crete optimization problem with strong application back-
ground. The material loading optimization models are mostly
multi-objective, multi-constraint optimization models. So it
is very difficult to get the optimal solution for the loading
problems, and it is also very difficult to be accurately solved
by mathematical model [4-8].

Genetic algorithm is a novel random search optimization
method. It simulates the process of biological evolution. Be-
cause of the very strong robustness, it has been studied and
widely used in combinatorial optimization field in recent
years. It shows good performance and effect in the solution
of many typical combinatorial optimization problems [9].

Application of genetic algorithm in solving the material
loading problems, a variety of the loading schemes can be
abstracted as implicit parallelism by proper loading scheme
of coding and the evaluation function. Thus the time dimen-
sion disaster problem is overcome, and the genetic algorithm
is proved to be an effective way to solve complex loading
problem [10].

3. THE MULTI-OBJECTIVE OPTIMIZATION MOD-
EL FOR EASILY BROKEN MATERIAL LOADING

3.1. Description of the Problem

As mentioned above the fragile material loading problem
is also known as the monolayer material loading problem.
Under some constraint conditions, the different requirements
of customers of the material was loaded monolayer in vehi-
cle reasonable, the premise is in no more than limited vehi-
cles (weight, volume, compartment size), so that the vehicle
weight and volume utilization rate reached the maximum

[11].

Suppose there are n material boxes for loading in the
VMI HUB distribution center. The material box weights are
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g, & &, the volume of these material box are
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, 1, the widths are w, w,,

s b The truck Load ca-

, w_, and they
are the height of 4,, 7,

pacity for loading material is¢, the effective volume is V7,
and the length, the width, the height inside the truck com-
partment are respectively L W H . To meet the require-
ments in the truck the maximum load weight and the effec-
tive volume constraint, and to meet the car long, wide, high
constraint condition, the loading material boxes’ positions
are be reasonably determined in the vehicle, so that the load
volume and the effective utilization rate of freight car are the
highest.

The loading problem is simplified and assumed for easy
calculation, as follows:

1. Every material box for shipment is cuboids which
size is smaller than the size of the carriage.

2. Every box is shipped from the VMI HUB to a same
location.

3. There is only one van used to transport the material at
the same time.

4. The material box is placed in any position of the ve-
hicle in case cargo compartment but is not arbitrary
rotation.

3.2. The Model

The mathematical model of the problem is established,
according to the fragile material loading problem description.
The objective function of the model is a maximization func-
tion:

Max z = a(ixtgi /G) + ﬁ(ix,l,wlh’/l/) (1)

Where,
« is the coefficient of vehicle weight utilization rate;

B is the coefficient of vehicle volume utilization rate;

They are given different values according to the charac-
teristics of the material to be installed. In the fragile material
loading problem, there are two kinds of materials, the first is
the great density or heavy material, second is the avoid pres-
sure or the brittle material. When the material is a large den-
sity of the material, the total weight of the material is mainly
considered, then the maximum volume utilization rate. The
total weight of goods does not exceed the rated vehicle total
weight. In this case, g-1, a=0. When the material is easi-

ly broken material, =0, @=1. When the material volume
weight ratio are considered, the value of & and f are de-

termined in accordance with the requirements of the density
ratio. In this paper, a+p=1-
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x;(=1, 2,,,,,n)is the 0-1 Variable, If the material

box i is determined loading, then x;=1, otherwise, X,=0;

g, (g=l, 2,,,,n)is the weight of the material box i;

ll. (i1, 2,,,,,n)is the length of the material box i;
w, (=1, 2,,,,,n) is the width of the material box i;
hi (i=1, 2,,,,,n)is the height of the material box i;

The truck Load capacity for loading material is G , the
effective volume is V', and the length, the width, the height
inside the truck compartment are respectively 2 , W , H .

The constraints include:

Direction constraint: flat or arbitrary rotation placement
is not allowed;

1. The ordering constraint: the last loading material box
was unloaded firstly, on the contrary, the first being
loading material box was unloaded at last. This is
known as first in last out.

2. The geometric constraints: the material box loading
size shall not exceed the vehicle cargo compartment
boundary limit;

3. The Weight constraints: the total weight of the mate-
rial loading boxes shall not exceed the total weight
capacity of the vehicle.

4. The center of gravity constraint: in the material after
the loading, the total center of gravity should be lo-
cated in the material within the allowed range, to en-
sure the safety of vehicle operation overall stability.

4. OPTIMIZATION MODEL SOLUTION FOR EASI-
LY BROKEN MATERIAL LOADING BASED ON GE-
NETIC ALGORITHMS

4.1. Pre Processing Coding

Before the individual coding, the pre specified on the
code needs to be done as follows:

1. Material box number: the material filling boxes are
numbered according to the sequence of natural num-
ber; =1, 2,,,,,n,

2. Placement direction number: if the placed direction of
material box i is/||L, w,[|W, £ |/H, then the num-

ber is 1; if the placed direction of material box iis W,
L, ll. [|W, hi [|H, then the number is 2.

3. The loading sequence number: the sequence of mate-
rial box arrived at the station is in descending order of
natural number sequence, and a material box the same
station is the same number.

The Open Automation and Control Systems Journal, 2015, Volume 7 527

4. The box number: if the material box i is determined to
loading, then the number is I; otherwise, the number
is zero.

4.2. Individual Coding and Decoding

Because the material loading sequence is given according
to the sequence of the material box arrived, the material box
placed direction constraint is only considered. Each loading
scheme corresponds to a string of symbols of individual
which code length is 2n. gs= (s, s, S, s

1 n
2999 9999 >

Szn) (q:l’ 27 99 9 9 N, Where N iS the

5959

S .
Sn+l n+i

LEEEERERE]

size of the population), Gene §, ~ §, are the loading num-

ber of the material box, its value is according to the code
pretreatment results in the chapter 4.1. At the same time gene

8, ~ S, location sequence number 1, 2,..., n is correspond-
is the
=1

n+i

ing with the material box number; Gene s, ~'s,

placement direction number material, gene values are s
or2.

Individual decoding method:

1. The relationship between the §; gene and the s, ;
gene is the corresponding, That is, the loading materi-
als box i which is expressed by the gene s, is loaded
into the vehicle according to the placement direction

said gene S5

2. The values of gene §;and gene s, are decoded and

analyzed according to the code pretreatment results in
the chapter 4.1.

4.3. The Fitness Selection

Fitness is a standard used to distinguish individual good
or bad according to the objective function value, it is the
driving force of the evolution process of the algorithm; it is
also the only basis for natural selection. Fitness is not always
negative. Fitness is considered that large value is good in any
case. The loading scheme corresponding to the individual
can be evaluated by the fitness.

In addition, the constraint conditions must be handled in
the genetic algorithm, but at present there is no general
method to deal with all kinds of constraint conditions. There
are three methods can be chosen according to the specific
problem, namely the search space limits method, the feasible
solution transformation method and the penalty function
method. The penalty function method is chosen in this paper.

The basic idea of this penalty function method is, when
the fitness of the individual without corresponding feasible
solution in the solution space is calculated, a penalty func-
tion is imposed, thus the individual fitness is reduced, so that
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Table 1. The data of the material loading boxes.
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The Material Box l[. w, hl. &, The Loading Sequence
Number (mm) (mm) (mm) (kg)
1 1570 960 1090 290 2
2 1080 1070 700 230 1
3 1560 600 990 260 3
4 1000 800 1400 280 5
5 1360 600 770 290 7
6 1520 900 790 150 2
7 1650 850 765 180 8
8 1080 750 850 180 5
9 1425 700 1100 240 4
10 1580 1070 665 180 6

the probability that the individual is genetic to the next gen-
eration is reduced.

Therefore, the individual in violation of the vehicle load-
ing weight constraint and the space constraint should be pun-
ished accordingly in the computation of the fitness, and then
the better individuals eligible have a greater chance of sur-
vival [12]. Therefore, the penalty function is constructed, as
follows:

@ = xw, ~LW) &)
i=1

hy@=Y xg -G 3)
i=1

h@=Y xv, -V )

i=1

The method to calculate the fitness of the individual
S 56" in the gen generation is as follows:

Loty =2(9) = pen, (9) = 2(q) — o, 1> max[0,/ (@} )

i=1
Where, pen, (¢q) is the material box loading penalty

function; Formula (2) is the material box loading space pen-
alty function; Formula (3) is the material box loading weight
penalty function; Formula (4) is the material box loading
volume of penalty function; ¢, is the penalty factor.

4.4. The Genetic Operations Process

In the genetic algorithm, there are three genetic opera-
tions including the individual selection operation, the

crossover operation and the mutation operation. In the selec-
tion process, Nsel individuals was sampling replication using
the random traversal method, namely Nsel individuals was
chosen for the breeding probability, in accordance with the
individual fitness in the current population. In the crossover
process, the single point crossover method is adopted, that is,
a cross point in individual code string is set randomly. Then,
for each couples of the individuals in the current population,
two individuals exchange partial chromosomes, according to
cross a certain probability at their intersection. Thus, two
new individuals are generated to return a new species after
mating. The object of mating is orderly, namely the odd line
is paired with its next even line. If the row number of the
current population is odd, then, the last line is not to partici-
pate in the mating. Therefore, the population will be orga-
nized into the continuous pairs according to the mating re-
quirements. At the same time, in order to maintain the diver-
sity of population in genetic operation, avoiding the algo-
rithm premature convergence and even can not find the glob-
al optimal solution; the individuals need to be taken in muta-
tion operation. In the mutation process, the discrete mutation
operator is adopted, i.e. each individual is mutated by specif-
ic probability.

5. THE EXAMPLE AND THE RESULT ANALYSES

There are 10 kinds of brittle material boxes waiting for
loading in the VMI distribution center of a manufacturing
enterprise, the loading sequence, the length, the width, the
height and the weight of the material boxes are shown in
Table 1. The internal length, the width, the height and the
maximum load weight of the vehicle cargo compartment are
shown in Table 2. The material boxes are loaded into the
vehicle cargo compartment in a rational way, and in order to
the vehicle’s capacity and volume are fully utilized.
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Table 2. The main parameters of the vehicle carriage.
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L(m) W (m)

H(m) G(t)

4.630 1.784

1.810 1.650
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function []=Knap_2D

11 = clear:

Fig. (1). The program interface diagram.

Fig. (2). The fitness function.

Many operators of genetic algorithm (such as selection,
crossover, and mutation) are aimed at the so-called chromo-
somes. A chromosome is a vector, and it can be seen as a
1xn matrix. Thus the operator is essentially some matrix
operations. Genetic algorithm toolbox is a universal tool for
solving genetic algorithm, using Matlab matrix functions.
The genetic algorithm tool is written in M file command-line
form function. It is a collection of programs to complete the
most important function of the genetic algorithm. Applica-
tion of Matlab genetic algorithm toolbox, the steps of Genet-
ic algorithm to solve the model include the coding method,
the initial population establishment, the operators choice, the
crossover operator, the mutation operator, the evaluation
function and the termination criterion etc [13]. There are four
key parts of Matlab genetic algorithm toolbox: the coding
mechanism, the fitness function, the genetic operator and the
operation parameters. The genetic algorithm toolbox devel-
oped by the University of Sheffield in the UK is adopted in
this paper; it provides a wide variety of useful functions for
the user. Based on the genetic algorithm of fragile material

I FESSERSSTEELEFEELTESLEFESTEFEEFESLELESARLSELEFTVELETEELERFVESERNETEISTESEETE SN

Matlab et RS R R

EESSREESEFEETEITTEEETIELERLEEETEEFEEFEELTEEENEFEEFESEERESSENEETER LSS SNSRI ESS

Chrom <20%20 double= douhle
Chrom0 <2010 double= douhle
Chrom?2 <20%10 double= douhle
Chroml <20%10 double= douhle
<201 double> double
FitnvSel <18x1 double> douhle
G 16 douhle
GGAP 0.9 double
H 1.8 douhle

loading problem, the program is written using Matlab genet-
ic algorithm toolbox, a example is given for solving.

The main variables in the program: the number of indi-
viduals is NIND=20; the largest genetic algebra is
MAXGEN=100; each individual is represented using 20 bits,
that is, PRECI=20; the used generation gap is GGAP=09; the
crossover probability is XOVR=0.95; the mutation probabil-
ity MUTR=0.01.

A scheme is obtained by the Matlab program, that there
are 6 materials boxes in 10 materials boxes are loaded into
the vehicle carriage, respectively (1, 3, 4, 5, 6, 9), The spe-
cific load optimization results of the 6 kinds of materials
boxes is shown in Table 6. The solving process is as follows:
Open the matlab7.0 software; add the gatbx folder to the
toolbox folder of the Matlab toolbox; open the Knap 2D.m
code procedures to enter the program interface, as shown in
Fig. (1); Select a node, Click the run button; to choose the
fitness function, as shown in Fig. (2); as shown in Table 3,
the fitness is a maximum value of 0.51879; as shown in
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Table 3. The fitness value.

Table 4. The loading box number.

Table 5. The loading mode number.

1 3

1 0. 55968

= 033456

E) O._asss4

a 0. a5175

s 0. a7s71

s 051579

Ed 0.50726

) 0. 47731

= 0. a7762

10 051579

11 0_as0s1

1z 0.39352

1= 045279

14 0.358375

1s 0.337185

16| 051579

17 0. 45279

1= 0. a7731

13 0.42454

=0 0.as517s

1 4 5 6 7 8 9 10
1 1 0 1 1 0 0 1 1 1 0
2 1 0 1 1 0 0 0 0 0 0
3 0 1 1 1 1 0 1 0 0 0
4 1 0 0 1 0 1 1 1 1 1
5 1 0 0 0 1 1 0 0 1 1
6 1 0 0 1 1 0 0 0 0 0
7 1 0 1 0 1 1 0 1 1 0
8 0 0 0 1 1 0 0 1 0 1
9 1 0 1 0 1 1 0 1 1 0
10 0 1 1 0 0 0 0 0 1 0
1 1 0 1 1 0 0 1 1 1 0
12 1 0 1 1 0 0 1 1 1 0
13 0 0 1 1 0 1 1 0 0 0
14 0 0 0 1 1 1 0 1 1 1
15 1 0 1 0 1 1 0 0 1 0
16 1 0 1 1 1 1 0 0 1 0
17 1 0] 1 1 0 1 0 0 1 0
18 1 1 1 1 0 1 1 0 0 0
19 0 1 0 1 1 1 0 1 1 1
20 1 1 1 1 0 1 1 0 0 0
11 12 13 14 15 16 17 18 19 20

1 1 1 1 2 1 2 2 2 1
1 1 1 2 2 2 1 2 1 2
2 2 2 2 2 2 1 1 1 1
1 2 2 1 2 2 2 1 1 2
1 2 2 2 1 2 1 2 1 1
2 2 2 2 2 2 2 2 1 1
1 1 1 1 2 2 2 1 2 1
1 1 2 2 2 1 2 2 2 1
1 1 1 1 2 1 2 1 2 1
2 1 1 1 2 1 2 2 2 1
1 1 1 1 2 1 2 2 2 1
1 1 1 1 2 1 2 2 2 1
2 2 2 2 2 2 1 1 1 1
2 2 2 1 1 1 2 2 1 1
2 1 2 2 2 2 1 1 2 2
2 1 2 2 2 2 1 1 2 2
1 2 2 1 1 1 2 2 1 2
2 2 2 1 1 1 2 1 2 2
2 1 2 1 1 2 1 1 1 1
2 1 2 1 1 2 1 1 1 2

Table 4 and Table 5, the optimal solution coding is (1, 0, 1,

1,1,1,0,0,1,0,2,1,2,2,2,2,1, 1,2, 2).

According to the decoding method in chapter 4.2, the ma-
terial boxes loading number (1, 3, 4, 5, 6, 9); The loading

method is (w,|IL, LIIW, A |H; wIIL, LW, h,|H;
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wlIL, LW, A IIH: w,lIL, LW, A w,L, £,
W, h,»||H; w; ||L, l,-||W, hiIIH). The loading simulation

condition can be obtained by the loading optimization results

from

Table

6,
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Fig. (3). The boxes loading simulate diagram for the easily broken materials.

Table 6. The loading optimization results.

The Loading Sequence The Material Box Number The Placement Direction
1 1 WL, W, h,|H
2 6 wilL, Liw, h,H
3 3 WL, Liw, A, H
4 9 wiIL, Liw, A H
5 4 wiL, Liw, hu
6 5 wiIL, Liw, A H
As shown in Fig. (3). From Table 6, the obtained results ACKNOWLEDGEMENTS

are the loading capacity utilization rate is 1.51,/1.65=91.5%
and the volume utilization rate is 9.26,/11.72=79.01%.

CONCLUSION

Genetic algorithm is applied in the fragile material load-
ing optimization problem solving, and it is proved to be ef-
fective. Thus, a practical solution is provided for the third
party logistics enterprises load the material boxes quickly
and reasonably. However, the genetic algorithm performance
depends on many aspects, including the encoding scheme,
the decoding scheme, the various genetic operators selection,
the crossover and mutation probability. Therefore, in view of
the characteristics of different materials, these parameters are
appropriately chosen, so much the better loading scheme can
be obtained.
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