
Packing and Load of Vehicle Equipment Based on Ant Colony Algorithm 

Zhanhong Sun 1,a,* and Yuehua Wu 2,b  
1 Changchun Institute of Engineering and technology, Changchun, China 

2 Unit 32382, Beijing, China 
a 253389416@qq.com, b55908983@ qq.com 

*corresponding author 

Keywords: Vehicles; Boxed and loaded; Vehicle equipment; Ant colony algorithm; Optimization 

Abstract: In order to optimize the loading problem reasonably and improve the utilization ratio of 
container space, this paper further expounds the importance of loading problem of vehicle 
equipment The paper analyses the loading problem theoretically, establishes the mathematical 
model and the realization flow with the ant colony algorithm, and finds that the utilization ratio of 
container can reach 88.96% by using the ant colony algorithm to simulate and optimize the loading 
problem and the optimal loading scheme is determined.  

1. Introduction  
The reasonable stowage is the precondition of container transportation, the stowage quality will 

affect the working cost and efficiency of the whole container transportation system. In order to save 
the cost of container transportation and improve the efficiency of container transportation, it is 
necessary to optimize the stowage of container, make full use of its loading capacity and improve 
its efficiency. Now our country's logistics transportation system has been very perfect, like the 
rookie logistics and the JD.com logistics has already dominated the entire society's logistics system, 
but the sharing economy under the logistics transportation and distribution is still in the initial stage 
Generally speaking, it is still very immature. The main reason for this phenomenon is that under the 
sharing economy, logistics transportation and distribution can not take into account the interests of 
multiple parties, and the interests of multiple parties can not be integrated quickly The demander of 
the logistics may not have the right supplier who can provide the service, and the supplier of the 
logistics may not have the right demand to complete the transaction Under the sharing economy, the 
logistics transportation and distribution needs an efficient command system to unify the command, 
and provide the suitable cooperation object for each logistics demand and supply side through the 
system matching. 

2. Packing Problem Description 
2.1. Mathematical model of packing and loading 

Let the length, width and height of the container be L, W, H, the maximum load weight be G, the 
number of types of goods to be carried is N, and the length, width, height, and quality of cargo I are 
Li, Wi-Fi, and Hi, respectively. The number of Mi containers is K. The goal of packing is to 
maximize the volume loading ratio of the container under a series of constraints, so as to improve 
the space utilization of the container and obtain the best efficiency. From this, the objective function 
of packing and loading can be obtained: 

                        (1) 
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Constraints:                                                                                                                                                                                             

                  (2)  
The above constraint means that the total volume and total weight of the goods should be within 

the range of the container. In addition, taking into account the actual situation, it is stipulated that 
the goods can only be placed sideways or vertically, and the goods can be rotated horizontally; The 
center of gravity of the cargo load should be within the allowed range to ensure the stability of the 
box and ensure the safety of transportation. 

2.2. Space handling of containers 
Different space partition methods will affect the space utilization of containers, so appropriate 

space partition methods should be adopted. This paper adopts the three-space division method, that 
is, when the goods are loaded into the remaining space, the space is split into three sub-spaces such 
as the front, top and right sides. This process is actually the process of searching for the remaining 
space.  

3. Ant Colony Algorithm for Packing and Loading of Vehicles Equipment 
3.1. The principle of ant colony algorithm 

Ant colony algorithm is a random search path algorithm derived from ant foraging behavior in 
nature. In the process of searching for food, ants exchange information through their own secreted 
pheromones to determine the next foraging route. In the process, the pheromone concentration on 
the ant's path will gradually decrease. Which route has a large number of ants, and the pheromone 
concentration of which route will increase, so that more ants will be gathered. In this way, the ant 
colony will eventually gather on a certain route, and this route is the ant colony. The best route for 
foraging. Therefore, according to this principle, ant colony algorithm can be applied to three-
dimensional space optimization. 

3.2. Characteristics of ant colony algorithms 
Strong self-organization. The self-organization of the system is the premise of maintaining the 

stability and development of a system. It is a process from chaos to order. This self-organization 
comes from the interior of the system. In the initial stage of the ant colony algorithm, the ant colony 
conducts disorderly "foraging" activities, and with the increase of time, the information secreted by 
the ant colony gradually begins to play a role, causing the ant colony to gather toward a certain path 
and gradually select the feeding route. Stable, Until the best path is found, this is a process from 
chaos to order. 

Positive feedback is a form of feedback. It refers to the control mechanism of the system that 
transmits positive feedback information. Under the stimulation and adjustment of feedback 
information, the activity and performance of the controlled mechanism are further strengthened. In 
the ant colony algorithm, the reason why ants can search for the best route for foraging depends 
directly on the accumulation of pheromones on the line. The accumulation of pheromones increases 
the number of ants gathered, and the increase in the number of ants further promotes the 
accumulation of pheromones. It can be seen that the accumulation of pheromone concentration is a 
typical positive feedback process. 

Strong robustness. The robustness is the resistance to transformation that the system has under 
certain influence. The strength of robustness is directly related to the stability and anti-interference 
of the system. For robust systems, the system can maintain most of its performance well when some 
parameters of the system are perturbed. The ant colony algorithm has low requirements for the 
selection of the initial route and the number of parameters required. When the parameters fluctuate 
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in the appropriate range, it does not affect the optimal solution of the global route of the algorithm. 
The strong robustness makes it more suitable for solving the spatial optimization problem. 

3.3. Basic ant colony algorithm 
Each ant will record the goods it passes through during the journey. The method of recording is 

to list the traversed goods in a tabular table α(indicating the tabular table of K ants). In this way, 
Each ant starts from the starting point, passes through all the goods once and only once, and finally 
returns to the initial point. The selection probability of an ant moving from cargo I to cargo J is as 
follows: 

             (3)  
In the formula:  ( )tTj is the pheromone concentration on the cargo “j” at “t” time; α is an 

inspiration factor; β is an expected heuristic factor; ( )tijη is a parameter that reflects the path 

information and changes with the type of goods. 
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of cargo “j”,  vj  represents the volume of the cargo “j”; ( )ikjj∈ means that “j” is a cargo that has 
not yet been visited by ants, that is, goods that have not appeared in the TABU table. When an ant 
passes through all the goods, the pheromone concentration on the ant's path needs to be updated as 
follows: 
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3.4. Implementation of Ant Colony Algorithm 
First, the vehicle equipment is numbered, the same equipment number is the same, the different 

equipment numbers are different, and the equipment is arranged in order according to the strategy 
of decreasing the base level and decreasing the volume. According to the type of equipment N, the 
number of ants is determined to be M. The position of each ant's initial moment is recorded at the 
top of the ant's taboo table, and the next type of equipment is selected according to the state transfer 
probability formula. When the ant moves from device I to device J, the device J is included in the 
TABU list. After going through 1 cycle, the loading scheme established by the ant colony is 
calculated, and then the <UNK> T _(J(T)) is updated based on the above formula, and the TABU 
table of all ants is reset. Repeat the above process, compare each load plan, and save the optimal 
load plan. When the cycle counter reaches the maximum number of times, the cycle terminates and 
the optimal load distribution scheme is output. 

4. Case Analysis 
Foton Motor is a representative enterprise of domestic production of logistics and transportation 

equipment. Its Times business locates its products in the development of truck series and passenger 
cars And has established a perfect digital marketing platform and the vehicle e-commerce platform, 
built a cross-border integration platform resources, logistics resources and industry resources 
connectivity of the ecological marketing circle, heavy truck enterprises among the leading peers 
This year, it undertook a large-scale transportation task to deliver 1,000 pieces of Fukuda Xiangling 
trucks to Haier Rishun Company, and assembled them. During the transportation process, all of 
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them were loaded in containers. The relevant parameters of this type of container: the internal size 
is 12025mm 2340mm 2670mm, the volume is 75m, the maximum load mass is 22000kg. Try to 
determine the appropriate single-box stowage plan, vehicle equipment after protection. After the 
vehicle’s equipment is packaged for protection, its single size and quality parameters are shown in 
Table 1. 

Table 1 Vehicle equipment parameters 

Vehicle Number Length /m Width /m High /m Mass /kg 
A 1.20 0.27 0.48 14.40 
B 1.20 0.47 0.56 14.40 
C 0.31 0.58 0.85 14.00 
D 0.70 0.89 0.77 14.70 
E 0.74 0.19 0.90 15.50 
F 0.19 0.18 0.60 15.70 
G 0.86 0.19 0.40 15.90 

The basic ant colony described above is used to model and solve it. Set the initial parameter 
value: α = 1, β = 5, Ω = 0.1. According to the above model and the given parameters, set the 
number of iterations to 30 times. According to formula (1), the final space utilization ratio is 
88.96 %, and the optimal loading scheme is determined. The loading effect is shown in Figure 1. 

 
Figure 1 Loading effects. 

5. Conclusion 
The optimization of the loading scheme of the container is helpful to improve the space 

utilization ratio of the container, reduce the transportation cost and the kind of the handling 
equipment, and improve the vehicle support capability. Ant Colony Algorithm is used to determine 
the optimal loading scheme, but it is affected by the variety, shape, weight, original packing size 
and so on. In order to improve the application value and efficiency of the optimized scheme of 
vehicle equipment loading, it is necessary to promote the standardization of base array packaging in 
the future research. 
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