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Abstract. This paper studies the typical logistics problem in equipment support, i.e. the decision-
making optimization of material supply, which refers specifically to the transportation and distribution 
of materials and equipment (such as ammunition, oil, personnel, medical supplies, maintenance 
accessories, maintenance equipment, etc.) during the replenishment process. Firstly, we model the 
problem as a multi-depot vehicle routing problem (MDVRP), and then design a two-stage heuristic 
algorithm to solve it. We construct an example of 150 demand points and 3 resource points to 
validate the effectiveness of the algorithm, and compare the two-stage heuristic algorithm with the 
simulated annealing-based particle swarm optimization (SAPSO) algorithm. The experimental 
results show that the two-stage heuristic algorithm can better solve the logistics problem in 
equipment autonomic support. 

Keywords: equipment autonomous support; material distribution; two-stage heuristic algorithm 
(TSHA); hybrid genetic algorithm (HGA). 

1. Introduction 

Equipment support is a general term for all kinds of technical measures and related support 
activities adopted to maintain and restore the good technical performance of weapons and equipment 
[1, 2]. The autonomous support mode starts the maintenance support behavior at an appropriate time 
by fully utilizing the real-time status assessment of equipment, fault prediction information, and the 
network coordination ability of maintenance support resources, reducing equipment support costs and 
failure risks, improving equipment availability and mission success [3]. A typical logistics problem 
in equipment independent support is equipment distribution, which is essentially an MDVRP problem. 

MDVRP is a variant of VRP, which belong to classical combinatorial optimization problem and 
first proposed by Dantzing and Ramser in 1959. For decades, researchers have done a lot of studies 
on VRP issues. The approaches to solving VRP are mainly classified into two aspects: exact method 
and heuristics. The exact method can often get the global optimal solution. However, it is not used 
widely because of the low efficiency in the big scale problem, which means the number of the 
customer is more than 50. On the contrary, heuristics can be efficient in big scale problem and give 
an approximate solution. State of the art heuristics include: particle swarm optimization (PSO) [4,5] 
ant colony optimization (ACO) [6,7], genetic algorithm (GA) [8], simulated annealing (SA) [9,10] 
and tabu search (TS) [11, 12], and each kind of heuristics have its own advantages to solve VRP. 
Comparing to others, the superiority of GA is that it has a strong robustness in solving complicated 
problem, which make it a popular algorithm in the practice. 

2. Problem Description 

Equipment support resource scheduling is a multi-objective complex integrated scheduling process 
that uses natural number sequence coding according to resource scheduling tasks. Let 

2{ } 1 2|iV V i K K   ，，， ， be the set of the vertex and graph G V A（ ， ）, where 

{ | 1,2,..., , {1, -1}}mR R m M M N   denotes the set of the request nodes and 

{ | ,..., , {2, }}nS S n N K N K   denotes the resource points. The resource scheduling problem of 

equipment support can be described as follows: equipment support is provided by M resource points 
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Rm to N demand points Sn, the storage capacity of Ev for equipment at the M resource point is Pmv, 
and the demand for Ev at the N demand point is Nnv; vehicle speed on road AIJ is related to road grade 
and road obstruction. The objective is to obtain the highest overall benefits of equipment support 
under the constraint conditions, and allocate the materials in Rm to Sn. 
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1( )f X  is the time function of equipment supply, the symbolic meanings in the formulas are as 

follows: {0,1}mniP  denotes whether the Rm to Sn passes through the road aj or not, and l
ia is the 

length of aj; v
ia is the average speed of vehicles on aj j

ia and q
ia  are influence factors of traffic jam 

and driving speed of vehicles under weather conditions, respectively; mnvx is the quantity of Ev 

supplied to Sn by Rm; z
va  is the unit loading time of Ev; bm is the support ability level of Rm. 

2 ( )f X  is the cost function of equipment support, the symbolic meanings in the formula are: f
ia

is the cost per unit distance for vehicle in aj; va is the loading amount for Ev and c
va  is the loading 

cost per unit number of Ev. 

3. The Proposed TSHA 

First, the resource points are allocated to demand points by distance based partitioning method, so 
that MDVRP can be converted to VRP. Then a hybrid genetic algorithm (HGA) is used to solve the 
path planning problem in equipment allocation decision-making, which includes five basic steps: (a) 
problem representation, (b) population initialization, (c) selection, (d) crossover, (e) mutation. 

3.1 The Allocation of the Request Points  

Firstly, the distances between the request points and all resource points are calculated, and the 
demand points are divided into the nearest resource points, so that the MDVRP problem can be 
transformed into the VRP problem. 

3.2 The Routing Problems in a Single Resource Point 

3.2.1 Problem Representation 

A resource point will allocate more than one vehicle for equipment allocation, so the solution of 
the problem includes multiple sub-paths. We use the representation of sub-paths divided by separators. 
As shown in figure 1, there are three vehicles for equipment allocation. A complete solution is divided 
into three sub-paths: path 1:0-2-4-5-0, path 2:0-3-7-1-0, path 3:0-6-8-0. 
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Fig.1 The problem representation of the material allocation in a single resource point 

3.2.2 The Initialisation of the HGA. 

We use scanning algorithm and random strategy to initialize population. That is to say, part of the 
initial part is generated by the scanning algorithm, and the rest is generated randomly. The former 
produces structural solutions to accelerate convergence, while the latter guarantees population 
diversity. Because structured initial solutions tend to reduce the diversity of population and cause 
premature convergence, random individuals should be the majority. After many attempts, we set the 
scale parameter to 9:1, that is, only 10% of the individuals generated by the scanning algorithm. 

3.2.3 The Selection of the HGA 

We use championship selection as the selection strategy of HGA, in which two individuals 
compete randomly and those with larger fitness will be selected. 

3.2.4 The Crossover of the HGA 

This paper presents a new crossover operator, Best Insertion Crossover (BIC), which combines 
neighborhood insertion algorithm with greedy algorithm. The insertion mechanism is limited by 
vehicle capacity and resource point time window to generate viable offspring while minimizing route 
cost (including total time, distance and risk). 

BIC consists of two steps, that is, deleting and inserting. The deletion part first selects two parents, 
P1 and P2 randomly. Secondly, a sub-path is selected in P1 and P2 respectively, and then the 
requirement points in the sub-path selected by another parent are deleted from the solution of the 
current parent. Insertion is the insertion of missing nodes into the descendants. The insertion rules are 
as follows: 

Step1, inserts the demand point R sequentially at the insertion point. The insertion point refers to 
the interval between any adjacent demand points in the current routing. In the insertion process, 
vehicle capacity constraints and time window constraints must be met to generate viable offspring. 

Step2, calculate the cost after each insertion. Find the best insertion point of demand point R at the 
lowest cost. 

Step3, if all the points do not satisfy constraints, a new sub-path can be constructed. 

3.2.5 The Mutation of the HGA 

The exchange mutation is used as a mutation method, in which two genes are randomly exchanged 
in a sub-path, as shown in Figure 2. In the mutation process, the demand points 4 and 1 of sub-path 1 
are exchanged. 

 

 
Fig.2 The exchange mutation 

4. The Experimental Results and Discussions 

Assuming that there are three resource points, 150 request points, x, y position of demand point n 
and the demand number of equipment v for demand point n are known, assuming that the load of 
each vehicle is 10 tons, and the transport vehicle travels at a uniform speed of 70 km/h on each road. 
The traffic jam on each road and the influence factor of weather conditions are 0.2 and 0.3, 
respectively. The support level of the three resource points is 0.3, 0.2 and 0.5 respectively, and the 
loading time of equipment v unit is 0.05h/t. 
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Firstly, allocate the request points to the resources. Figure 3 is a schematic diagram of 150 demand 
points, in which the red point represents the demand point allocated to resource point 1, the yellow 
point represents the demand point allocated to resource point 2, and the blue point represents the 
demand point allocated to resource point 3. From the graph, we can see that the demand points are 
allocated to the nearest resource points centrally. 

 
Fig.3 The allocation of the request points 

 
HGA and simulated annealing-based particle swarm optimization (SAPSO) are used to solve the 

path planning problem in equipment distribution. The population size of HGA is 100, the number of 
iterations is 150, the crossover probability is 0.8, and the mutation probability is 0.1. The number of 
SAPSO particles is 500, the number of iterations is 300, the learning factor c1 and c2 are 2.05, and 
the annealing constant is 0.5. Each algorithm runs 30 times, and the best delivery plan is shown in 
Figure 4. In addition, figure 5 shows the total support time and cost of these two methods. 

 

 
(a) The solution of HGA 
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 (b) The solution of SAPSO 

Fig.4 The solution of the material assignment 
 

Table 1. The total support time and cost of HGA and SAPSO 
 HGA SAPSO 
 Total time Total cost Total time Total cost

Summation 65.37 4482 65.62 4570 
 
The objective function of the equipment distribution problem is to minimize the total delivery time 

and the guarantee cost. It can be seen that the HGA solution distribution scheme is superior to SAPSO 
in the total delivery time and the guarantee cost, indicating that the HGA algorithm performs better 
in solving the equipment allocation problem. 

5. Summary 

This paper studies the optimization of maintenance equipment distribution in material equipment 
support decision-making. Firstly, the multi-objective optimization model of maintenance equipment 
distribution problem is constructed, including minimizing the total delivery time and guarantee cost. 
The maintenance equipment distribution problem is further divided into two phases: (i) demand point 
allocation and (ii) path optimization within a single resource point. The former divides the demand 
point into the resource points of the nearest distance, thus transforming the multi-vehicle vehicle 
routing problem (MDVRP) problem into the ordinary VRP problem. Secondly, we propose hybrid 
genetic algorithm (HGA) to deal with the routing problem in a single resource point. The validity of 
the two algorithms is verified by a construction case based on three resource points and 150 demand 
points. Experiments show that HGA outperforms SAPSO in solving equipment allocation problems. 
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