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Introduction 
In the last 5 years, the gross domestic product 
(GDP) for goods distribution in Thailand 
was reported to be nearly 1 million baht. 
Accordingly, over 80 percent of the distribution 
of goods was associated with the distribution 
by ground transport, compared with other 
methods of transport. This resulted in high costs 
due to distribution by air transport. However, 
ground-transported distribution has many 
restrictions, such as operating time, loading 
space and limited routes. Transportation affects 
the distribution of raw food and other sensitive 
food products as they are easily damaged and 
spoiled (Hammond et al., 2015). To increase 
the quality of food products and economic 
relevance, Józefowska et al. (2018) showed that 
food industries require the optimization of the 
logistic chains, such as operating time, costs and 
loading space. Therefore, the management of a 

three-dimensional (3D) food packing system is 
introduced. 

In order to distribute more food packages 
with a lower number of vehicles, food boxes 
should be packed optimally. The result of 
this is a reduction in transportation costs 
(Gürbüz et al.,  2009) and operating time. The 
problem of packing all boxes into a container 
is called the 3D packing problem. Generally, 
container packing problems can be classified 
into two cases, which are (i) the homogeneity 
problem,where a container consists of identical 
boxes and (ii) the heterogeneous problem, where 
different size of boxes are used (Salam & Khan, 
2015). Furthermore, the increase in the number 
of boxes leads to the increase in the optimal 
arrangements of boxes. To solve the 3D packing 
problem (Hammond et al. 2015; Oliveira  et 
al., 2016; Mahvash et al., 2017), heuristics 
algorithms are used.
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The heuristic method is widely used for 
optimization problems, especially packing 
problems. The term heuristic refers to algorithms 
that are used to find the best optimal solutions, 
and they find it fast and efficiently, but there 
is no guarantee that the best solution will be 
found (Shin and Young, 2017; Oliveira et al., 
2020). Consequently, the heuristic algorithms 
may be considered as a best approximation 
to the solution to the problem. The heuristic 
algorithm is employed to give an approximate 
solution, which is sufficient over the option of 
obtaining an exact solution as exact solutions 
are computationally expensive. 

The motivation for solving this problem 
came from the distribution of food via Thailand’s 
postal system, or via private companies 
distributing food during the Covid-19 outbreak. 
The volume of online purchases has increased 
among consumers, because it is very likely they 
have remained in their home to isolate themselves 
from viral infections. However, the increase in 
online purchases has resulted in the delay in 
food delivery. The purpose of this research is to 
propose the management of a fast and effective 
food packing problem in rectangular containers 
by using a heuristic algorithm combined with 

genetic algorithm (GA) and simulated annealing 
(SA). 

Material and Methods
Three-dimensional Food Packing Solution
Throughout this section, the three-dimensional 
packing management for food boxes, which 
preserve the axis order test (AOT) and corner 
point placing (CPP), was explained. This work is 
based on the following conditions: (i) the items 
cannot overlap its boundary, (ii) the boxes are 
strong enough for overlapping and (iii) the food 
in this research were assumed to be dried food, 
instant food and snacks, which are lightweight 
compared with fresh food.

Axis Order Test (AOT)
The AOT is used in three-dimensional food 
packing. This idea comes from the bottom 
left method in 2D. Each item is place with 
its bottom down of the object and as far as 
possible to the left, as illustrated in Figure 1(i). 
The process of this method is described in the 
Figure 2, supposing that X×Y×Z is the size of 
the container, Rx×Ry×Rz is the size of food box 
and N is the total number of items. 

Figure 1:  Example model for food boxes packing: (i) AOT and (ii) CPP
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Corner Point Placing (CPP)
The CPP method is based on the corner point, 
which is the intersection of the three planes 
formed by the top, bottom, and right sides 
of items already placed in a container, as 
illustrated in Figure 1(ii). The food boxes that 
are already packed cannot move further down, 
top or backward. When a new food box is placed 
into container, its position cannot intercept 
the already packed box.  Therefore, the set of 

all corner points in the bin define the border 
between the empty region and the occupied 
region (Martello et al., 2000; de Almeida et al., 
2010). Along with the CCP problem, we assume 
that N is the number of boxes, P is the set of 
all points that the next boxes can be placed and 
U=P0. The first box with size X1×Y1×Z1, is 
placed at the coordinate of the origin.  After the 
first box is placed, the new 3 points ((0+ X1,0,0), 
(0,0+ Y1,0) and (0,0,0+ Z1) ) of the origin appear 

Figure 2: An Illustration of the AOT diagram
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at the corner of the first box, excluding the inside 
corner of the old origin (0,0,0). The next boxes 
are placed at the new origin points. If the boxes 
are not suitable, others are replaced instead of 
the old ones. The algorithm for finding the order 
of the placing is presented in Figure 3.  

Genetic Algorithm (GA) 
The GA is carried out in 5 steps as follows:

Step 1: Encoding of Chromosomes
The encoding of chromosomes depends on the 
problem. The permutation encoding that is used 
to order the number of food boxes is determined 
in this study. In permutation encoding, a string 
of numbers represent the number in a sequence 
as shown in Table 1.

Table 1: An example of permutation encoding

Chromosome A 7 3 1 6 5 2 4
Chromosome B 2 1 5 4 3 6 7

Figure 3: The CPP flowchart
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Step 2: Fitness Function 
The fitness function, or Evaluation Function, 
determines how “fit” or how “good” an individual 
is. This function gives a fitness score to each 
individual. The scaled fitness function is used 
to calculate respective selection probabilities. It 
can be defined as follows:

Here, n is the size of population

       

According to this scheme, the probability in 
which an individual is selected for reproduction 
is based on its fitness score.

Step 3: Selection
The first genetic operator is selection, where 
this operator takes place in the basic generic 
algorithm (Shopova & Vaklieva-Bancheva, 
2006). The idea of selection is to select fit 
chromosome from our population that can create 
an offspring. Two pairs of parents are selected 
according to the fitness scors.   The chromosome 
with a high fitness score has more chance to be 
selected for reproduction.

Step 4: Crossover 
Crossover is a genetic operator that generates 
new generation from the parent chromosomes.  
For every two parents, the crossover takes place 
by selecting a random point in the chromosome 
and then exchanging the genes of the paired 
chromosomes between those points to generate 
new offspring as shown in Figure 4.

Step 5: Mutation
Mutation is the changing of the genetic sequence 
in a chromosome from its initial state with a 
certain probability (Pan et al., 2015). Figure 5 
shows an example of mutation. 

Simulated Annealing (SA)
SA is a method that applies in almost every area 
of optimization (Xin, 2014). This technique 
approximates the global minimum with a given 
function, which may process several local 
minimums.  It works by emulating the physical 
process of crystallization. The concept of 
annealing in combinations is proposed by Hanan 
et al.(2017), who show the Metropolis algorithm 
for approximating the numerical solution of the 
behavior of a many body system, as shown in 
Figure 6.

Figure 5: An example of a mutation operator

Figure 4: An example of a two-point crossover
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Following the flowchart in Figure 6, we 
now suppose that the solution state xk becomes 
state xk+1 when the system is subjected to 
some disturbance. Therefore, the energy of 
the system has changed from Ek to Ek+1.  The 
probability of accepting in the system is defined 
as:

Results and Discussion
The purpose of the current experiment is to 
examine the efficiency of algorithms between 
genetic algorithm: GA and simulated annealing: 
SA. To validate the proposed method, three tests 
are performed. In order to get the probability 
results, we created a set of food boxes and 
containers for food packing based on the 
characteristics of real-world applications. 
Throughout this, we assume the food boxes and 
the containers are rectangular-shaped, yet the 
items of the food boxes cannot be rotated and 

Figure 6: A flowchart of the simulated-annealing algorithm
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Table 2: The detailed size of containers and food boxes, and the number of food boxes

Size of 
containers

Size of food boxes

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

Problem 
1

†L 3 3 1 3 1 2 2 2 1 2 3 3 3 2 1 3 2 2 1 2

‡W 6 6 6 3 3 5 3 5 1 6 2 4 5 1 1 6 3 2 1 1

†H 3 1 2 3 3 3 2 1 3 1 2 1 1 1 3 1 2 3 1 3

Problem 
2

†L 5 3 5 4 2 3 2 5 2 1 1 1 5 3 1 3 4 4 3 4

‡W 5 3 2 5 1 3 5 3 1 2 1 4 2 5 3 5 3 4 1 1

†H 4 1 3 2 4 2 1 1 1 1 3 4 4 3 4 3 2 2 3 1

Problem 
3

†L 5 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3

‡W 5 3 3 3 3 3 4 4 4 4 4 3 3 3 3 3

†H 4 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2

†L means length, ‡W means width and †H means height.

they can be of different sizes, which is shown 
in Table 2.

To find the optimal packing process, the 
comparison between genetic algorithm and 
simulated annealing were studied. According 
to this, we set two different sizes of containers 
(3×6×3 and 5×5×4). Moreover, the packing 
problem was categorised into 3 problems.  
Problem 1 and Problem 2 considered the packing 
of 19 food boxes, where each box was different in 
size. Problem 3 consists of 15 food boxes which 
were 5 replications per size, as shown in Table 
2. The results in Table 3 showed that simulated 
annealing with the corner point placing method 
(SA-CPP) is a very efficient method as it the 
shortest operating time, compared with other 

methods, as shown in Table 3. According to this, 
the food boxes were optimally packed, which 
suited the containers, and used less loading 
spaces. Some examples for the order of food box 
packing is presented in Figure 7.

 As a result, the packing time and 
loading spaces were optimally used. This had an 
effect on the operation costs, which decreased. 
The qualities of food were also maintained. 
Moreover, the optimization of food box packing 
might result in an increase in service impression 
among consumers. This agrees with Phoprasert 
& Ayasanond (2018), as they showed that 
consumers selected logistics service providers 
according to price and performance as the first 
and second factors. 
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Conclusion
This paper presents the heuristic method to 
solve the three-dimensional food box packing 
problem. The experimental results showed 
that the corner point placing algorithm with 
simulated annealing could solve food box 

packing problems as it showed a reduction 
in operating time and an increase in space 
utilization. However, to complete the food boxes 
packing management, the strength of food boxes 
and the pattern of box packing should be studied 
more in the future.

Table 3: A comparison of the three problems between genetic algorithms and simulated annealing

Figure 7: Example of box packing order using SA-CPP (problem 1)
Note: the food boxes with the grey shade were packed into other containers.
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