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Abstract: First, select a part below 3000 meters in the earthquake-stricken area, and 

then carry out grayscale processing and binarization of the obtained image. The 

obtained image only has two parts: black and white. The problem can be simplified to 

the problem that it takes the shortest time to traversal all white areas. Then the 

simulated annealing algorithm and ant colony algorithm are used to plan the path of 

a certain area. The ant colony algorithm is more stable by comparison. The ant colony 

algorithm was extended to all 30 regions to obtain the flight paths of all the UAVs. 
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1. Introduction 

Unmanned Aerial Vehicle (UAV) is a new reconnaissance and information transfer 

platform with the capability of autonomous flight and independent mission execution. 

It can not only carry out ground attack and target bombing, but also carry out military 

reconnaissance, surveillance, search, target pointing and other non-offensive missions. 

With the rapid development of UAV technology, more and more UAVs are used in 

disaster relief. 

Compared with the traditional human information transmission, UAV has the following 

prominent characteristics: it can avoid pilots working in dangerous environment, and 

has the characteristics of low or even zero casualties; There is no need to consider the 
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impact of airborne life, which makes it possible to further realize the maneuverability, 

low detectability and sustained combat capability of aircraft; The complexity of aircraft 

system is reduced, and the difficulty and cost of R & D, manufacturing, equipment, 

use and maintenance are much lower than those of manned aircraft; Stimulate and 

expand more diverse task forms and use needs. 

Based on the above characteristics of drones, and since the beginning of the 21st 

century, with the rapid development of computer science and technology, materials, 

sensors, and digital image processing technology, combined with the number of times 

and the number of drones used in wars such as Syria and Iraq in recent years The 

transformation of the mission form from reconnaissance to air-to-ground strikes is 

foreseeable, and more and more drones will intervene in the rescue of disaster areas. 

Due to the difficulty of earthquake prediction, timely and efficient post-disaster rescue 

is an important measure to reduce earthquake losses. As a new delivery vehicle, UAV 

can play an important role in rescue operations. UAVs are used to carry life detectors 

to search for signs of life and provide accurate target positioning for post-disaster 

rescue. 

 
2. Data selection and processing 

Given that the effective detection distance of the detector is not more than 1000 

meters, and the maximum side Angle (the included Angle between the line of the 

detector to the detectable place and the plumb line) is 60 degrees, the maximum 

projection distance between the aircraft and the ground can be known as 500 meters. 

The maximum diameter of UAV detection range is 1,732 meters. 

Select an earthquake disaster area map from the Internet, and then raster the disaster 

area: 

 

Figure 1  The white area is the elevation below 3000m, and the red area is the 

elevation above 3000m 

Then the topographic map of the disaster area was binarized and expanded, as shown 
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in the figure below： 

 

Figure. 2 Gray scale binarization expansion diagram 

On this basis, the key search points are selected from the contour obstacle map, and 

the image of the key search points is taken as the adjacency matrix. According to the 

characteristics of UAV mountainous area search and the nature of the adjacency matrix, 

the following aspects should be paid attention to when selecting the key search points: 

The drone does not know where the casualty is during the search and needs to cover 

the entire area, so the vertex has to cover the entire search area. In order to do this, 

the basic idea of selecting the key search points is that there must be vertices in the 

gaps; The bulge of the obstacle must have a vertex; There must be a vertex at the 

depression of the obstacle; An open space must have a vertex. 

According to the inherent characteristics of adjacency matrix, any vertex must be 

connected with at least two other vertices to form a loop. 

When the above two conditions are met, the number of vertices is as small as possible. 

Taking into account the requirements of the above three aspects, the key search points 

were selected for a part of a disaster area, and the search points were numbered, as 

shown in Figure 3: 
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Figure 3. Schematic diagram of key search points 

After the vertex selection is completed, the original contour map with no grayscale 

processing and binary processing is opened in Auto CAD, and the relationship between 

all connected points can be expressed by using its own ranging tool. 

It is represented by "0", and the distance between points that cannot be connected is 

represented by "1". A total of 5 vertices are selected in this area. The generated 0-1 

matrix is shown in Figure 4: 

 

Figure 4. 0-1 matrix representation of key search points. 

When the contour obstacle map is abstractly converted into an adjacency matrix, the 

data of the adjacency matrix is input into the program of the algorithm when the 

optimization algorithm is used to find the shortest path. The search path formed will 

avoid obstacles, providing an important security guarantee for the UAV to search in 

areas with many obstacles. 

 

3. Model preparation 

3.1 Simulated annealing algorithm 

Due to the randomness of the initial population, the stability of the genetic algorithm 

is not as good as that of simulated annealing and ant colony. After several iterations, 

the running results are not completely stable, with some slight fluctuations occasionally. 

Therefore, we will give up using the genetic algorithm in the flight path planning of 
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UAV life signs detection. 

The simulated annealing [2] algorithm has gradually become an iterative self-adaptive 

heuristic search algorithm, and the probability of finding the global optimal solution is 

relatively large. Simulated annealing algorithm has many advantages, such as strong 

robustness, better global convergence and implicit parallelism, as well as wide 

adaptability. It can deal not only with discrete optimization design parameter variables, 

but also with continuous and mixed optimization design parameter variables, without 

any requirement for objective function and constraint function, and without the aid of 

other auxiliary information. If the Metropolis Law can be used reasonably to calculate 

the acceptance probability and the temperature drop process can be controlled more 

accurately, the simulated annealing algorithm will be highly competitive for the solution 

of the traveling salesman problem. 

The simulated annealing algorithm is used to solve the traveling salesman problem. 

The solution space S is all the paths that traverse n cities once if and only if. The 

mathematical method is expressed as the set of all the cyclic permafrost from 1 to n, 

that is, S=[𝑆𝑖𝑗] is (1,..., n).Where, Si means that the ith city is visited by the Si.In the 

Traveling Salesman Problem, the objective function of the simulated annealing 

algorithm is the sum of the path lengths traversing the region below 3000m above sea 

level in the whole region: 

 

 

3.2 Path planning for UAV search in mountainous area based on ant colony 

algorithm. 

Ant colony algorithm and genetic algorithm have the same work, both belong to the 

heuristic algorithm. The basic principle of ant colony algorithm can be summarized as 

follows: it is inspired by the basic fact that ants find the foraging path by the colony 

intelligence generated during the foraging process. Ants vision is not developed, but 

insects, scientists found that they have a special ability to make it with the help of 

other companions released pheromone and find the shortest path from the nest to the 

food source, and even if the environment changed, for example, there are obstacles, 

they can also automatically search for the new optimal path. Ant Colony Algorithm 

(ACO) is considered to be an appropriate method to solve combinatorial optimization 

problems. It has the advantages of strong robustness, good adaptability and global 

search. Ant colony activity, pheromone play and pheromone enhancement constitute 

the core of ant colony algorithm. The solution process of ant colony algorithm is shown 

in the figure below: 
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Figure. 5. Solving process of ant colony algorithm 

 

4. Model establishment and solution 

4.1 The simulated annealing algorithm realizes the path planning of UAV in 

mountainous area 

Considering that the effective detection distance of the UAV is 1732, the X and Y axes 

of the whole area are divided by 1732 respectively, and the whole area is planned as 

a grid map of 62*65. The area below 3,000 meters (white area in the picture below) 

has a total of 1,300 grids. Divide the area below 3000 meters into 30 equal parts 

according to the grid, that is, each equal part has 44 grids. Considering that the black 

area can also fly, increase the number of grids per each to 49 grids. Each area was 

searched separately by 30 drones. 

Divide the region into blocks according to the following figure: 
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Figure 6. Schematic diagram of the terrain above 3000 meters in the disaster 

area(The white area is below 3000m, the red area is above 3000m). 

The simulated annealing algorithm is used to search the mountainous area for the 

UAV, and the path planning is divided into the following seven steps: 

Set a relatively high initial temperature T, and then set the number of iterations k=1;  

 

The minimum function value of the objective function is solved, and the initial solution 

S0 is obtained. 

The current solution S0 is transformed to generate a new number of paths, and a new 

solution is obtained. 

Calculate the new minimum of the objective function F (xn). 

Calculate ∆f(x)=f(xn)-f(x) according to the probability determined by Metropolis 

criterion; 

Reduce the temperature T according to the annealing schedule; 

Increase the number of iterations k, and stop the iteration when the maximum number 

of iterations is reached. Otherwise, return to step 3. Write the program in MATLAB and 

set the initial temperature t to 1500℃. After continuous training and debugging, 

choose the picture? As an example, the shortest path and contour first obstacle map 



Volume 8 Issue 5 2021 
 

   196 

superimposed effect obtained by using the simulated annealing algorithm is as follows: 

 

Figure 7. The shortest search path obtained by the simulated annealing algorithm 

4.2 Ant Colony Algorithm to Realize UAV Path Planning in Mountainous Areas 

The realization of UAV mountain path planning by ant colony algorithm is divided into 

the following five steps: 

Let the maximum number of iterations NC=0;τij of each edge =C(constant), and 

∆τij=0;Put m mites on n key search sites; 

The initial key search points selected by each ant are placed in the current solution 

set SK, and the next key search point J for each ant K is moved according to the 

probability, and then the key search point J is placed in the current solution set SK. 

After n moments, ant K can traverse all the key search points once and complete the 

cycle once.At this point, the total length of each ant's path dk is calculated to update 

the shortest path. 

Update the pheromone τij (t+n) on each edge;For each edge, ∆τij=0;NC + 1; 

If NC is less than the predetermined number of iterations NCmax, go to Step 2; 

Otherwise, output the shortest path, the whole program terminated; 

The superposition effect of the shortest search path of UAV obtained by ant colony 

algorithm and the pre-contour obstacle map is as follows: 
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Figure 8. The shortest search path obtained by ant colony algorithm 

 

5. Conclusion 

In order to better and more efficient planning of the UAV mountainous area search 

path, this paper will select a relatively more optimized algorithm from the above two 

algorithms as the fixed algorithm of UAV mountainous area search. In the simulated 

annealing algorithm and ant colony count, ant colony algorithm to get the shortest 

path, shorter than the shortest path of simulated annealing algorithm for 3.5 km, but 

the program operation time more than the simulated annealing algorithm 0.4 h, for 

mountain search for unmanned machine, almost has no effect, and cover more area 

of 3000 meters wide, The stability of the ant colony algorithm is stronger than that of 

the simulated annealing algorithm, and the simulated annealing algorithm sometimes 

falls into the local optimal solution. 

In conclusion, the ant colony algorithm should be adopted to calculate a more stable 

and high-quality solution in the mountainous area path planning of UAV. It is universal, 

easy to achieve, and also strong initial value Robustness. Finally, the ant colony 

algorithm is chosen as the optimal algorithm for the mountainous area search path 

planning of UAV. 

 

6. Solution result 

The optimal flight path of UAV obtained by using ant colony algorithm is shown in the 

figure below: 
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Figure 9. Optimal flight path for UAV 
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