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Abstract — We consider the characteristics of automatic warehousing systems with irregular positions, in order to improve the 
optimization control objectives of the overall working efficiency and space utilization, this paper studies the irregular storage 
optimization distribution strategy, presents the mathematical model to optimize the irregular storage area and each storage 
location, and then two-level genetic algorithm is proposed to solve the problem. The result shows that the optimization method 
effectively improves the system efficiency and realizes the processes of intensive storage and retrieval, which provides the 
theoretical basis and practical methods for the optimization of irregular storage location assignment in automatic warehousing 
systems. 
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I. INTRODUCTION 

 

Automatic warehousing system is a new type of storage 
way in modern logistics technology field, which is applied in 
many aspects such as distribution center, mechanical 
industry, chemical industry, library, ports, and hospitals. 
Research on the optimization of resources distribution in 
automated warehouse system, reasonably optimizing and 
scheduling storage facilities are used to improve the 
efficiency of storage system and enterprise economic 
benefits, and reduce logistics cost. The scheduling and 
optimization of automatic warehousing system mainly 
include goods allocation distribution optimization and 
sorting optimization strategy.  

The optimization of storage location is to increase the 
frequency of in-out warehouse, and convenient for the 
operation of inventory and movement of warehouse, which 
fully makes use of storage space and reduces the cost, 
according to the shelf current status, the goods itself 
characteristics, and the access frequency etc., adjusting 
goods storage location in time makes goods storage location 
optimization. Now the research on automatic storage system 
mainly focuses on the optimization of regular goods storage 
location, which includes the application of improved genetic 
algorithm, improved particle swarm algorithm, tabu search 
method, and the intelligent algorithm, etc.[1-5], to solve the 
problem of goods distribution and scheduling strategy. For 
irregular storage location there is a less optimization 
research, this paper establishes the mathematical model of 
optimization problem for irregular goods distribution, 
presents a two-level genetic algorithm to effectively solve 
the position optimization problem of irregular goods 
allocation, in maximum extent improve the access 
efficiency and space utilization, to ensure the optimal 
configuration of goods location, and provide dynamic 
optimization solution of irregular storage location for the 
practical operation of automated warehousing systems. 

II. THE OPTIMIZATION PROBLEM OF IRREGULAR GOODS 

LOCATION IN AUTOMATIC WAREHOUSING SYSTEM 

A. The Description of Problem 

The automatic warehousing system is a top shelf system, 
cargo access system, transmission system and computer 
control system, etc. The top shelf system consists of a finite 
number of combinations and arrangements of goods 
allocation, the irregular goods location refers to the storage 
allocation that its length, width and height may be 
completely different or part of them are same. In fact in 
many application systems, the items with different 
specifications are stored in the goods location with same 
specifications, which is bound to cause the storage space too 
large and waste of space, or storage space is too small to 
store, both of these are not beneficial for in-out stock 
operation and affect the normal operation of the system. 
Therefore the items with different specifications need to be 
stored in the goods locations that are fit for the specifications 
of the goods, thus which can effectively improve the space 
utilization in warehouse to achieve the dense storage of 
goods in deed, and is in favor of the in-out stock of the 
system. The goods location diagram of automatic 
warehousing system is shown in figure 1. 

         

         

         

         

         

         

Fig. 1  The diagram of part of the goods allocations in automatic 
warehousing system 
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The conditions are set as follows: 

Hypothesis 1. For the convenient to discuss the problem, 

suppose a row of fixed goods shelves has p  layers and q  
columns, the closest column from the entrance of the 
warehouse is marked as the first column, the lowest layer is 
marked as the first layer,  the goods allocation in the 

i th layer and the j th column is marked as 
( , )i j , ( 1, 2,..., ;    1, 2,..., )i p j q  , the position of the 

warehousing entrance is marked as (1,0) . 

Hypothesis 2. Ignore warehousing equipment’s start-up, 
brake time and the operation time of access to the goods. 

Hypothesis 3. Suppose the length of each goods 
allocation is same. 

Hypothesis 4. The total weight of the goods on the 
storage shelves does not exceed the bearing capacity of 
shelves. 

Hypothesis 5.  The use frequency of each goods is 
known. 

B. Goods Allocation Distribution and Optimization Strategy 

To improve the access efficiency of automated storage 
system, dynamic distribution of goods allocation is needed, 
the main goods allocation distribution principles have the 
follows [6]:  

The items with high utilization frequency are stored in 
the field with high selection efficiency, namely is near from 
the entrance area to save the selection time and improve the 
efficiency of in-out stock of the system. 

The unit size of items and goods allocation should be 
considered to meet the principle of convenient 
replenishment, these cases to cause waste of space cannot 
appear that small goods allocation cannot accommodate 
items or small items are in a great goods allocation. 

The first-in first-out principle. The same goods in the 
process of in-out stock should be in line with the improved 
"first-in first-out" principle before, such as the "first-in first-
out" principle of batch number, to speed up the material flow 
and avoid backlogs. 

The product relevance principle. Goods features not only 
involves the properties of risk and easy corrosion of the 
goods itself, may also affect other objects, thus these should 
be considered in the goods distribution. 

The top-light principle. In order to make the shelves 
stressed uniformly, the lighter goods are stored in a higher 
position, the heavier goods are stored in the lower position, 
which can avoid deformation caused by the uneven force. 
Based on the usually adopted strategy of goods distribution, 
this paper proposes a new method of irregular goods 
allocation optimization. At first the goods allocation can be 
divided into different goods storage area, the shelves are 
divided into different warehousing areas according to the 
arriving time of in-out stock, the goods allocation are 

optimized, the goods allocation area with high utilization 
frequency will be stored closing to the entrance of 
warehouse; then the goods allocations are optimized to the 
same position area; two levels of genetic algorithm is used to 
solve the optimization problem of goods allocation to 
improve the system's access efficiency and space utilization 
rate. 

C.  A Mathematical Model  

1) The optimization mathematical model of goods area: 
Due to irregularity of the goods size, different goods are 
stored in goods allocations with various specifications, goods 
specifications are categorized, the region consisting of 
multiple goods allocations with same specification is called 
goods allocation area, the quantity of goods allocations area 
would be unfavorable overmuch, generally it is divided into 
a few dozen or so, for the convenience of an assignment of 
picking the goods, matrix arrangement is adopted to do 
goods arrangement. The optimization model of goods 
allocation aims to improve space utilization; the goods 
allocation of some specifications with high utilization 
frequency is stored at the place from the gateway with 
shorter time. 

The largest space utilization rate: 

                      MinWS max( ) min( )i iW W                     (1) 
 MinHS max( ) min( )i iH H                     (2) 

 s.t.     iW W  

 iH H  

Among them, iW
represents the width of the -thi  layer 

shelf; 
W

 represents the width of warehouse space. iH
 

represents the height of the -thi  layer shelf; 
H

 represents 
the height of warehouse space. Expression (1) represents the 
layer difference is the minimum per layer in the width 
direction, to ensure the storage space is fully used in the 
width direction. Expression (2) represents the layer 
difference is the minimum per layer in the height direction, 
to guarantee the full use of storage space in the height 
direction. 

The utilization efficiency of goods allocation is the 
highest: suppose there are m  kinds of items, n goods 

allocation specifications, there are iM
 kinds of items stored 

at the  ( 1, 2,.., )i th i n   goods allocation, 

1

n

i
i

M m



. 

According the Cube-per-Order Index (COI) principle 
proposed by Heskett [7], the COI value of some goods may 
be calculated, now the principle is used to compute the COI 
value of goods allocation with some specification, the COI 
values of different goods allocation specifications are sorted 
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according the ascending sequence into different goods 
allocation areas. 

                                     

ci
ci

ci

C
I

f


                                       (3) 

Hereinto, ciI
 represents the COI value of goods 

allocation ci with some specifications; ijC
 represents the 

needed inventory amount of goods storage capacity with 

some specifications; cif
 represents the output frequency of 

goods with some position specifications. 

Suppose the shelves according to the time from entrance 
to the area are divided into several regions from small to 
large, which are called warehouse areas, the number of 
general warehouse areas should not be too much. Assumes 

that the warehouse areas are divided into one area, 1 2, ,... lt t t
, 

and the time from entrance to some area is within a certain 

range, if it meets the expression: 1p pt t t  
, then the area 

belongs to the P th  area. The goods allocation area with 
high use frequency would be placed at the warehouse area 
close to the entrance. 

1 1

n l

ci p
ci p

MinHW I t
 

                            (4) 

2)  The optimization mathematical model of goods 
allocation: This model is used to represents the highest 
efficiency of output and input of warehouse. According to 
the goods allocation area optimization model to do 
distribution, and then to do the secondary goods distribution 

to the same allocation area, assuming that the ci th  kind 

of specification totally contains cis goods closets, aiming to 

the ci th  kind of goods specification there are mci  kinds 
of goods, the goods with high use frequency are stored at 
the same goods allocation area which is close to the 
entrance with short time,  and the model is as follows. 

1 1

mci cis

mi cij
mi cij

MinHP f t
 

                           (5) 

Hereinto, mif
represents the output frequency of 

warehouse for some goods; cijt
represents the time of the 

j th goods closet belonging to the ci th kind of goods 
allocation to reach to the entrance of warehouse. 

max( , )cij cij
cij

x y

x y
t

V V


(for the convenient process, the 
equipment’s starting time and stopping time are not in 

concern), 
( , )cij cijx y

represents the distance of the 

j th closet of the ci th kind of goods allocation 

reaching to entrance of warehouse, 
( , )x yv v

represents the 
horizontal and vertical speeds of the equipment for output 
and input of warehouse. 

III. AUTOMATIC WAREHOUSING SYSTEM WITH TWO 

LEVELS OF GENETIC ALGORITHM 

A. Algorithm Design and Experiment of Goods Allocation 
Area Optimization Model  

1) Coding design: p q  matrix is used to code the 

solution as shown in figure 2. Hereinto the  matrix with p  

line q  column represents the size matrix of goods 
allocation. Each element in matrix coding represents a 

coding of a goods allocation size, the numbers 1, 2,...,n  
represent the goods allocation, the position in the matrix 
represents the place of storing the goods allocation into the 

shelves. In the matrix the element at the i th  row and the 

j th column is ija
. This element is used to represent the 

goods allocation size code stored at this postion. 1 
represents the goods allocation with width 38 mm and 
height 40 mm, 11 represents the goods allcaiton with width 
78 mm and height 45 mm. 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

 
 
 
 
 
 

 

Fig. 2   The goods allocation represented by martrix  

2) The design of fitness function:  The fitness function is 
as follows. 

max max,   WS 0

0,                               WS

WS WS WS
f

others

  
 
           (6) 

max max,   HS 0

0,                               HS

HS HS HS
f

others

  
 
             (7) 

max max,   HW 0

0,                               HW

HW HW HW
f

others

  
 
     (8) 

Hereinto, maxWS
, maxHS

 and maxHW
respectively 

represents the maximal values of two objective functions 
within recent some generations. 

3)  Operation selection:  The method of arrange choice 
is adopted. 
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4) Crossover operator: Partial matching crossover 
operator PMX is adopted in crossover operation. 

5) Mutation operation: The method of combination a 
large-scale variation with a small-scale variation is adopted. 
The large-scale variation is on the shelf to randomly select a 
rectangular area, the goods allocation specification located 
at the position is carried out the inversion operation, as 
shown in figure 3. Small-scale variation randomly selects 
two goods allocations, the specifications of two goods 
allocations are exchanged as shown in figure 4. 

5 9 6 12

11 25 3 8

11 5 19 21

15 7 4 10

 
 
 
 
 
 



5 9 6 12

11 19 5 8

11 3 25 21

11 7 4 10

 
 
 
 
 
 

 

Fig.3   The large range of variation operation 
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5 9 6 12

11 10 3 8

11 5 19 21

11 7 4 25

 
 
 
 
 
  

 

Fig. 4   The small range of variation operation 

6) Termination conditions: The method combining the 
genetic evolution algebra with checking the variation of 
fitness value is adopted to do the optimization termination. 
That is, within the scope of the maximum iteration number, 
if the error between contemporary optimal individual fitness 
value and the last generation optimal fitness value is less 
than 0.5%, the result is regarded as reaching the steady state. 
If it meets the termination conditions, then ends and outputs 
the optimal solution, otherwise continues the operation of 
genetic algorithm. Assuming that goods  allocation areas 
have same height with 45 mm, its average operating 
frequency and cargo box quantity information are shown in 
table 1: The goods allocation area distribution before and 
after optimization are shown in figure 5 and figure 6. 

TABLE I.  A
VERAGE OPERATING FREQUENCY AND CARGO BOX QUANTITY 

The goods 
allocation areas 

A B C D E F 

The specifications 
of goods allocation 

38 48 58 68 78 88 

Average operation 
frequency 

5 20 10 40 15 10 

Number of goods 
allocation 

25 35 120 60 140 60 

 
 

 
Fig. 5   The effect of goods allocation area before optimization 

 

 
Fig. 6  The effect of goods allocation area after optimization 

 
The optimization result shows that the difference 

between maximum width and minimum width is 10 mm, the 
total length is 3040 mm, to avoid the space waste of goods 
allocation in each layer and save the storage space. The D 
goods allocation area with high operation efficiency is 
distributed close to the entrance of warehouse; the A goods 
allocation with low operation efficiency is distributed far 
away from the entrance of warehouse. For D class position, 
the maximum picking time is 1.3 s before optimization, after 
optimization the picking time is 0.78 s, and the optimization 
efficiency is 40%, for the E class specifications of goods 
allocation before optimization the average selection time is 
1.4 s, after optimization the selection time is 0.92 s, the 
optimization efficiency is 34.3%. This conforms to the 
principle of storing the goods allocation area with high 
operation efficiency at the place near to the entrance of 
warehouse. 

B. The algorithm design of goods allocation optimization 
model 

1) Code design: Uses the natural number coding 

operator, the code is as follows: 1, 2,...,n represents the 
goods code. 1 represents the item with code10367. 

2) The design of fitness function: Fitness function is as 
follows. 

                

max max,  S 0

0,                          HP

HP HP S
f

others

  
 
               (9) 

3) Selection operation: The adaptive value proportional 
selection method is adopted. 

4) Crossover operation: Two-point crossover method is 
adopted. 

5) Mutation operation: A part of the individuals are 
selected to do variation, the selected individuals in 
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accordance with the probability mP
 randomly choose two 

genes on a chromosome, and then exchange the two gene’s 
positions. 

6) Termination conditions: According to the iteration 
number of genetic algorithm to do optimization termination, 
that is, when it evolves to some generation, the algorithm 
output reaches stabilization, at this time the algorithm 
terminates. When the error between generations is defined 
less than 1%, the result is regarded as reaching a stable state 
[8]. 

IV. THE EXPERIMENT RESULT AND ANALYSIS 

 
Using the optimization method to optimize the automatic 

warehousing system, the optimization results are shown in 
table 2. The high-rise shelf size 

is 3500 1600 2700mm mm mm  , including 27 floors 45 
columns and a total of 1215 positions, can achieve maximum 
storage varieties with 800 kinds of goods, the largest storage 
quantity is 30000 boxes, the average delivery time of cargo 
from warehouse is 18 seconds per outbound order; it is 
suitable for the goods size: the length is 41-500 mm, the 
width is 21-150 mm, the height is 6-62 mm, and realizes the 
dense storage.  

TABLE II.  A
UTOMATIC WAREHOUSING SYSTEM OPTIMIZATION EFFECTCONCLUSION 

Number of outbound order/piece 471 754 

Varieties of goods/piece 139 149 

Number of goods/box 1731 2933 

Number of goods allocation/order 963 1734 

Time before optimization/s 9613.2 18036.8 

Time after optimization/s 7694.4 15057.4 

 
When the outbound order quantity reaches 471 pieces, 

the single outbound order is optimized from 20.4 
seconds/piece to 16.33 seconds/piece, the efficiency 
increases by 19.96%; when the outbound order quantity is 
754 pieces, the single outbound order is optimized from 

23.92 seconds/piece to 19.97 seconds/piece, the efficiency 
increases by 16.51%. 

In order to improve the inbound frequency of warehouse 
and space utilization efficiency of the system, placing the 
goods allocation with high use frequency at the area close to 
the entrance of the warehouse, and placing the goods with 
high use frequency at the allocation close to the entrance of 
the warehouse are taken as a way to achieve position 
optimization problem goal, this paper establishes the multi-
objective optimization model, and puts forward the two 
levels of genetic algorithm to solve irregular goods allocation 
optimization problem, to make the calculation results meet 
the requirements of the engineering practice, which has a 
certain value. But there are still a lot of works being worthy 
to do, such as how to dynamically adjust the effect of the 
improvement algorithm in the system, and how to better 
execute the principles such as selection, crossover and 
mutation operations etc. 
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