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Abstract: Aiming at the difficulty of deploying wireless sensor network nodes in complex environment, we introduce a 

hybrid algorithm. Actually, the improved Dijkstra algorithm is used for global path planning, and at the same time the 

improved ant colony algorithm is used for local path planning to realize node deployment. In order to reduce the running 

time for the algorithm to search nodes, the position information of starting point and destination nodes are used to guide 

the search direction and then the constructed map is segmented. Furthermore, obstacle environmental factors are 

introduced to jointly limit the transition probability of the next hop node. In terms of pheromone volatile factor, adaptive 

technology is used to update it. In terms of energy consumption, threshold mechanism is used to reduce energy 

consumption. The simulation results show that the improved hybrid algorithm can further reduce the network energy 

consumption, prolong the network life cycle and accelerate the optimization speed, which proves the effectiveness of the 

algorithm.  
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1 Introduction  

Wireless Sensor Network(WSN)[1,2] is a wireless communication network composed of a large number of fixed or 

mobile sensor nodes in a self-organizing and multi-hop manner. In recent years, with the continuous development of 

wireless communication technology and flexible network settings, it has attracted much attention of many researchers in 

various application scenarios. For example, monitoring of the natural environment, disaster warning, etc. Due to the 

diversity of application scenarios, information transmission path planning and node deployment are very important tasks. 

These nodes cooperate with each other through low-power wireless communication methods to monitor designated areas, 

so that people can obtain a large amount of effective information in any environment. 
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The sensor nodes are usually powered by batteries and we cannot frequently replace batteries for these nodes. 

Therefore, energy saving is particularly important for WSNs in order to extend the life cycle[3].   

There are many methods studied for extending the life of the network include selecting necessary constraints. For 

example, the design of the routing algorithm must consider the energy limitation of the sensor node and the required 

resources[4], improve energy efficiency[5] and use clustering[6-8], to ensure proper network operation. However, traditional 

routing protocols cannot be used in WSNs due to high routing costs. Therefore, an efficient routing algorithm that takes 

into account the power constraints of sensor nodes is needed. Most of the applications in WSN networks have great 

similarities in the work and deployment of sensor nodes. In a simple single-hop method, it will lead to an early depletion of 

its energy. For example, LEACH algorithm is a clustering protocol that organizes sensor nodes and their CHS into different 

clusters[9]，however, the shortcomings of this algorithm are obvious. In addition to the random election of cluster heads, the 

data transmission between nodes adopts a single-hop form. Therefore, the energy of relatively distant communication 

nodes tends to consume somewhat fast, which is not enough to support the network to work for a long time. In 2012, 

Zhao[10] proposes an improved LEACH routing algorithm. In the cluster head selection stage, the clusters are selected by 

the remaining energy nodes to prevent nodes with low remaining energy from becoming cluster heads. Then, in the data 

transmission stage, a single-hop hybrid transmission mode is adopted，but it does not consider the energy of a single node 

in the path and the number of nodes. PEGASIS[11] is a chain-based routing protocol in which only one sensor node called the 

leader communicates with the base station, each sensor node can act as a transmitter or receiver at the same time to 

forward data information to the next sensor node. Since the transmission distance of this protocol is often relatively short,  

the network energy consumption will be small, and the network life cycle will be greatly improved. Compared with LEACH, 

PEGASIS link protocol shows 100%-300% improvement in network life. The above algorithms mainly improve the energy 

consumption of the single-target path and achieve very impressive promotion.  

Under normal circumstances, WSN is relatively large in scale and the environment is complex and changeable, so it is 

more difficult to find the shortest and energy-saving path in a complex environment. The general way to solve this problem 

is to use a two-way graph or a road network to find the path with the smallest sum of edge weights among all reachable 

paths from the beginning to the end node. The traditional single-source goal is to obtain the least cost path from the source 

node to the target node. The algorithm is mainly not only used in the static environment with the external environment 
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unchanged but the dynamic environment with the external environment changing.  

Among them, the Dijkstra algorithm and the A* algorithm are more common dealing with the static environment. At 

present, Dijkstra algorithm [12] is a well-known path search algorithm, which is mainly used to search for the shortest path 

of a single source with a single purpose. While A* algorithm[13] is a common Breadth-First-Search(BFS) algorithm, which 

relies on heuristic functions to find the shortest path from the source node to the target node in the grid. Nowadays, many 

researchers are developing the Dijkstra algorithm to solve the shortest path problem in multi-target nodes[14-18].  

 In wireless sensor network path planning, in addition to requiring the shortest path and low energy consumption, 

the network is also required to have higher quality. The high quality of the network includes the bandwidth, delay and 

other performance of the network. At the same time, the parameters of the wireless sensor network also involve the 

network life cycle, coverage, connectivity and other broader Quality of Service(QOS) indicators. 

In a two-dimensional geographic environment with obstacles, this paper proposes an algorithm based on the 

combination of improved Dijkstra algorithm and ant colony algorithm to plan paths and introduces a new node strategy to 

reduce network energy consumption. 

Actually, an improved Dijkstra algorithm and ant colony algorithm are proposed to solve the QOS multicast routing 

problem when wireless sensor network nodes are deployed under obstacles. The heuristic function is improved and the 

number of obstacles on the node is combined to limit the transition probability of the next hop node. In order to obtain the 

optimal parameter values of pheromone and expected factor, different parameter values were independently investigated 

several times. The volatile coefficient in ant colony algorithm was modified into an adaptive method. In terms of network 

energy consumption, a transmission threshold mechanism was introduced to reduce the energy consumption of the 

network. 

3 QOS routing model  

3.1 Network model  

We consider the multicast routing problem with bandwidth and delay constraints from a source node to multiple 

destination nodes. For the convenience of problem analysis, the WSN network is regarded as an undirected weighted 

connected graph. Let   (   )  represents the network, where    represents the node set,   represents the 
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communication link set connecting the nodes of the wireless sensor network, and     and  E  represent the number of 

nodes and links in the network respectively. 

Let   NnnnnSV  m321 ,...,,,, be the set of multicast tree from source to destination node. Where   is the source 

node,  m21 ,...,, uuuU   is the set of destination nodes, then the multicast tree   (     ) can be represented. For 

any node, there is the same maximum transmission distance  , and      represents the distance between node    

and   ,  (   ) is a link from node   to node  . Therefore, there must be a path  uSPT , from the source node to the 

destination node. Three non-negative real value functions are associated with each link:    ( ),      ( ) and bandwidth 

 ( ). The link delay,      ( ), is considered to be the sum of switching, queuing, transmission, and propagation delays. 

The link bandwidth,  ( ) , is the residual bandwidth of the physical or logical link. The link delay and bandwidth functions 

define the criteria that must be constrained. 

The cost of the path PT is defined as the sum of the cost of all links in that path and can be given by 

   



TPe

T eCPC
 (1) 

The total cost of the tree T is defined as the sum of the cost of all links in that tree and can be given by 

   



Te

eCTC  
(2) 

The total delay of the path   (   )  is simply the sum of the delay of all links : 

   
 

UueDPD
uSTpe

T  


  ,
,

 (3) 

The delay of multicast tree T is the maximum value of delay in the path from source node   to each destination 

node   . 

   
 














 

TP

T

uST

UuPDTD
,

,max

 
 

(4) 

The bandwidth of the path    (   ) is defined as the minimum available residual bandwidth at any link along the 

path: 

    TT PeeBPB  ,min  (5) 
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The bandwidth of the tree T is defined as the minimum available residual bandwidth at any link along the tree: 

    TEeeBTB  ,min  (6) 

The wireless sensor node is deployed optimally in a hindered environment. The goal is to obtain the optimal path 

under the condition of satisfying the QOS constraints and reduce the energy consumption of WSN communication. 

Therefore, we choose the path length as the path cost. 

Totally, the goal of this article is to find one or more optimal paths that satisfy the multi-constrained QOS routing of 

the network, namely:  

 

 

    

      

min       

                                                                 ..

    min
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eBpathBandWidth

Dpathdelayts

pCost


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(8) 

3.2 Wireless channel energy consumption attenuation model  

The channel model used in this article is the wireless channel energy free space and multi-path attenuation model 

proposed by Heinzelman, Chandrakasan and Balakrishnan [19].  

   n0dddPL /  (9) 

Where n is the degree of loss caused by the distance between nodes on the path. 0d  is the threshold of energy 

consumption for receiving and sending information, expressed as:  

   cTrdhLhd Re0 4  (10) 

Where L is the wireless transmission loss,   is the wavelength of the wireless battery wave, and crd hT Re, is the 

height of the antenna for sending and receiving information respectively. 

In this paper, all wireless sensor nodes have the same structure, the nodes transmit information with the same radius, 

and the initial energy . Due to the movement of network nodes and energy consumption during data transmission and 

reception, we can take the sum of the size of the data sent and received by the node as a measure of its energy consumption. 

The more data transmitted, the more energy the node consumes. In the first-order energy consumption model, the energy 

consumption formula for transmitting data packets is as follows[20]: 
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   msfs0d 
 

(12) 

 Where elecE represents the energy consumed per unit of data processing, and 0d  represents a threshold. msfs  ,  

represent the power amplification factors at different distances between nodes. The energy  𝑟  of the node receiving data 

loss is expressed as. 

     elecr RERE   
(13) 

3.3 Model background  

This article discusses the establishment of the problem of deploying wireless sensor nodes in an environment with 

obstacles. The obstacles are scattered to form a space (Figure 1). The environment in Figure 1 is mainly to solve the 

problem of node deployment optimization in discontinuous block space on the plane where the node is deployed. In order 

to determine the deployment of nodes, we use the MAKLINK graph segmentation method[21] to process Figure 1, and the 

result is shown in Figure 2 which represents the initial node position deployment.  

 

Figure 1   Node deployment environment 
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Figure 2   MAKLINK figure partition 

4 Improved algorithms 

4.1 Dijkstra algorithm and its improvement  

Dijkstra algorithm[12] is one of the most commonly used algorithms for solving the optimal path between nodes. As we 

all know, with the gradually increased nodes, the size of the matrix will also become larger. Actually, the matrix size is 

n × n where n is the number of nodes. In addition, due to the ergodicity of Dijkstra algorithm, it searches all nodes 

adjacent to the present in the graph during the process of pursuing the optimal path. Through continuous calculation, the 

path distance of different nodes will be compared to each other until the optimal distance of each node is calculated, which 

makes the algorithm take too much time to run in the process of solving the problem. We keep our mind to reduce the 

searching time for the whole process so as to increase the running efficiency of the algorithm, and then we propose an 

improved method to reduce the number of iterations by searching less number of nodes.  

Since the purpose of this article is to find the optimal path for WSN multicast energy saving in an obstacle 

environment, and wireless communication between nodes, then the QOS requirements of the network have to be 

considered too, including the delay, bandwidth, jitter and other aspects of the network and so on. This work takes the 

bandwidth and delay of the network as the important parameters of the QOS optimal path. Since the information exchange 

needs to pass through multiple nodes, and because the real problem is considered within the case of large nodes, the 

Dijkstra algorithm will search all nodes in the graph, which will lead to the running time of the algorithm is too long. So in 

order to reduce the number of iterations of the algorithm, this paper proposes a method of dividing the nodes of the 
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connected graph into two parts to reduce the search time of the algorithm. The core idea of the segmentation method is to 

know the specific location of the source node and the target node, clarify the search direction, and then connect the source 

node and the target node and divide the vertical line. In order to thoroughly understand the method, this article will 

combine a non-negative Weighted connected graph, as shown in Figure 3-4 for detailed explanation. In the non-negatively 

weighted connected graph given in Figure 3-4, the number of nodes in the graph is 105, the coordinates of the source node 

are (200, 200), and the coordinates of the target node are (30, 310), and the purpose is to find an optimal path from the 

source node to the target node while satisfying the QOS constraint. After clarifying the coordinates of the source node and 

the destination node, we connect the source node and the target node by a straight line, and draw another straight one 

perpendicular to it through the source node, which will divide the figure 4 into two parts. Because the positions of the 

source node and the target node are known in advance, it will provide a clear direction for finding the optimal path from 

the source node to the target node in real situation. That is to say, in the process of finding the optimal path, the node is 

always searched following the direction of the target node, then in Figure 4, the node algorithm on the right side of the 

vertical line will not need to search, and so the number of algorithm search nodes is greatly reduced. This segmentation 

makes the improved Dijkstra algorithm not searching all the nodes in Figure 4 compared with the classic Dijkstra 

algorithm. The experiment shows that the optimal path can effectively reduce the number of iterations of the algorithm, 

and the optimal searching time of the algorithm is reduced much.  

We segment the actual circumstances depicted in Figure 4. Then, according to the link bandwidth and delay 

constraints, deleting links that do not meet these two constraints will also reduce the path search time of the algorithm. 

 

Fig.4 Split graphics 
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In Figure 4, the starting point S and the target node T are connected, and an ST vertical line AB is constructed, which 

divides the image into two parts.  

Algorithm 1: Improved Dijkstra's algorithm 

Step0: Split the searching environment.   

Step1：Enter the initial conditions of the QOS parameters of the WSN network. 

Step2：Determine whether all links meet the bandwidth constraints or not, if they are satisfied, go to the next step, 

otherwise delete the violated ones. 

Step3：Determine whether all links that meet the delay constraints, if they are satisfied, go to the next step, otherwise 

delete the violated ones. 

Step4：Find the optimal path that satisfies the bandwidth and delay constraints through Dijkstra's algorithm. 

Step5：Determine whether there are multiple optimal paths. If so, select an optimal path with a larger bandwidth for 

output; otherwise, proceed to step 7. 

Step6：Determine whether there are multiple optimal paths with the same bandwidth. If so, the path with a smaller 

number of hops is selected as the optimal path for output. 

Step7：Output the optimal path that meets the constraints of sufficient bandwidth and delay. 

4.2 Ant colony algorithm and its improvement 

It is a population-based heuristic random search algorithm proposed by Italian scholars M. Dorigo, V. Maniezzo and A. 

Colorni in the early 1990s by simulating the collective path-finding behavior of ants in nature[22]. Ants have the ability to 

adaptively search for a new path as the environment changes and provide new choices for subsequent ants. The 

fundamental reason is that ants can release a special secretion-pheromone on the path they travel[23]. When there are more 

and more ants who passing through the same path, more and more pheromones are left behind. As a result, the probability 

of choosing this path for ants is higher. However, the optimal path found in this way may only be a local optimum. In order 

to avoid the algorithm falling into the local optimum, the ant colony algorithm proposes a positive feedback mechanism to 

optimize the algorithm. This algorithm is suitable for finding the best route in the wireless sensor network.  

Assuming that the current path-finding ant is k-th, and the k-th ant is at the i node at this time, the probability of it 

transferring to the next node j is  tPij , the formula is as follows: 
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Among them, is the pheromone on the path (i, j), is the local heuristic function, usually expressed by the path length, α 

and β are the pheromone weight, heuristic factor weight, j represents the node of the next hop, Ji represents the next Jump 

collection. "Ants" can determine the next hop based on pheromone and local heuristics. The heuristic function formula is as 

follows 

 
ij

ij
d

1
t   

(15) 

Where dij represents the distance between node i and node j. When ant k finishes foraging, it needs to update the 

pheromone concentration of the path it travels, which can be expressed as: 
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Considering the convergence speed of the algorithm and the global search capability, this article chooses the ant-cycle 

model: 
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Where,  10，  represents the pheromone volatilization coefficient and ij represents the pheromone increment of 

the ant in this iteration on the path (i, j); Q is the pheromone intensity;  kL represents the total length of the path taken by 

the kth ant in this iteration. 

4.2.1 Improved ant colony algorithm 

Ant colony algorithm generally takes a long time to search, and the next hop of an ant is determined by the transition 

probability function. This probability depends on the enlightening effect of the next hop node on the ant and the 

pheromone concentration. The basic ant colony algorithm is based on the heuristic function. The ants tend to choose nodes 

that are closer to each other without considering the obstacles. When there are many objects and the map is complicated, 
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the ants may stop at a certain node. In order to avoid the above situation, we introduce the environmental factor[24]. This 

method can effectively avoid the ant deadlock phenomenon. The formula is as follows: 

ijj dE 
 1

  
(19) 










5  node around obstacles ofNumber  1

5 node around obstacles ofNumber    1

i

i
Ei  

(20) 

In the initial stage, the ants have no purpose in finding the next node, which increases the optimization time and 

consumes the energy of the ants. In order to speed up the ant's optimization ability and reduce energy consumption, the 

following scheme is designed, as shown in the figure:  

 

Fig.5 Search direction and next-hop node selection principle 

In Fig.5, node S is the source node (starting point), and node C is the target node. Suppose the distances from point A 

and point B to the ray SC are   ,   , respectively. The angle between the ray and the ray is     . respectively. Obviously the 

angle   is small, and the node b is close to the target node c. And it is obvious from Figure5 that the distance    from 

node B to the ray SC is less than the distance     from node A to the ray SC. The principle of selecting nodes is to be closer 

to SC the better. Therefore, the probability of choosing node B is higher.  

In the traditional ant colony algorithm, the heuristic function only considers the distance between nodes. Such a node 

selection principle has certain flaws. Therefore, the next hop node angle, node distance and environmental factors are 

combined to modify the ant heuristic function, thereby changing the probability of node state transition. 

The heuristic function is modified from equation (19) to: 

 B 
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Where d is the distance from the next hop node to the straight line (the connection between the starting point and the 

target node), and   is a constant.  

In summary, the transition probability of the path can be modified by the formula (14) as:  
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(23) 

4.2.2 Modification of pheromone volatilization factor  

The volatilization factor is updated as follows.  
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In the formula(24):     is the minimum value of   , which can prevent   from being too small and reducing the 

convergence speed of the algorithm.    represents the current number of iterations,       represent the maximum 

number of iterations.  

Algorithm 2: The improved ant colony algorithm  

Step1：Establish an environment model with a link viewing method. 

Step2：Use improved Dijkstra algorithm to plan an initial path from the starting point to the end point. 

Step3：Parameter initialization, number of iterationsNC, maximum number of iterationsNCmax, starting value of 

pheromoneQ, pheromone on each path, initial value mof ant and ant algebra k. 

 Step4：Initialize taboo table, put an ant on the source node, and add the source node to the taboo table.  
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Step5：Find the next hop node, and perform node transfer according to the next hop node probability formula (22) and 

(23).  

Step6：Update the taboo table of the node. 

Step7：If all ants of the first generation reach the destination point, go to the next step; otherwise, go back to step 4.   

Step8.：Use formulas (16), (18), (24) to perform global pheromone update on the path. Compare the values on each 

path to find the optimal path value, 

Step9.：If it is greater than the maximum set algebra, go to the next step; otherwise, go to step 4. 

Step10：Judge whether the algorithm satisfies the stop condition, if it is satisfied, then output the optimal value; 

otherwise, return to step 4. 

Step11：Output the optimal path. 

5 Experimental simulation and result analysis  

A series of simulations are carried out and compared with Dijkstra algorithm and D-ACO algorithm. All experiments 

were carried out in the MATLAB environment. The position of the node is fixed in a rectangle of 400m*400m. Some 

experimental parameters are shown in Table 1. 

Experimental parameters Parameter value Experimental parameters Parameter value 

Node initial energy 0E  2J Pheromone Inspiration Factorα 1 

Sink node location (25,300) Heuristic function β 1 

Source node location (200.200) Distance factor γ 0.7 

Power amplification factor 10J/bit/m2 Minimum bandwidth 20 

Packet size 3bit Q 1 

Number of ants  m 30 electE
 50J/bit 

Table 1. Experimental simulation parameters 

In fact, pheromone heuristic factor α, expected heuristic factor β and pheromone volatile factor have close influence 

on the performance of ant colony algorithm. The values of these two parameters are particularly important for the 

algorithm to obtain the optimal solution. Since these parameters affect the output of the algorithm, we evaluate the 

influence of different parameter combinations on the algorithm. Table 2 shows the control parameters to be considered. 
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Table 2. Setting alpha and beta parameters 

5.1 Simulation results of improved Dijkstra algorithm 

In order to reduce For the error of the algorithm's operating efficiency, the experimental simulation repeats 30 times 

for the same source node   (200 200)and the same target node T  (30 310), and then average the running time. The 

simulation results are shown in Table 3. 

 

 Algorithm 

Data          
Classic Dijkstra 

algorithm 

The improved Dijkstra 

algorithm 

Average cost/m 274.7826 274.7826 

Algorithm average running time/s 8.37 6.83 

Table 3. Comparison results between the classic Dijkstra algorithm and the improved Dijkstra algorithm in this 

article 

It is found from Table 2 that after repeating 30 simulations, the improved Dijkstra algorithm in this paper has the 

same cost value as the classic Dijkstra algorithm, but the average running time during the optimization process is 6.83s, 

while it is 8.37s for the classic Dijkstra algorithm. 

5.2 Selection of the number of iterations  

The parameters are set as follows: source node     (200 200), target node T  (30 310), ant algebra k  10, ant 

number  m  30, pheromone parameterα  0.6, heuristic function parameter  β  0.7, pheromone intensityQ  0.1, and 

minimum pheromone volatilization coefficient ρmin  0.01. The simulation results of the algorithm are shown in Figures 

6-7. 

parameters Settings 

α 0.6     1 5 

β 0.7     1 5 
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Fig.6  This article improves the ant colony algorithm path map 

 

Fig.7 Iterative diagram of the path trajectory of the ant from the starting point S to the target point T 

The figure shows that 500 iterations are performed, and the results show that the algorithm has been able to obtain 

the required optimal solution when the number of iterations is between 100-150, and has reached the expected goal of the 
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experiment. Therefore, the maximum number of iterations of the algorithm selected in the rest of the experiment of this 

paper is set to 150.  

5.3 Pheromone parameter and heuristic parameter selection  

In ant colony algorithm, pheromone heuristic factor α, expected heuristic factor β, pheromone evaporation coefficient 

ρ and pheromone intensity Q are all very important parameters. In order to select better parameter values, we repeated 

the experiment for the given parameter(each experiment was independent). The number of ants is set to 30, and the 

number of iterations is 150. In order to test the influence of different parameters on the experiment, the algorithm 

repeated the experiment 50 times with different alpha and beta values. 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Comparison of the influence of different parameter combinations on the algorithm 

It can be seen from the table 4 that when the values of alpha and beta are both 1, the average optimal cost of the 

algorithm is not significantly improved, but the average time consumption of the algorithm is significantly lower than other 

values.  

In the same environment, when the parameters alpha=1 and beta=1, compare the algorithm proposed in this paper 

with the D-ACO algorithm, and repeat the experiment 50 times. The comparison of the results of the two algorithms is 

shown in Table 5. 

alpha beta Algorithm average running time/s Average cost/m 

1 1 10.7 216.675 

1 0.7 14.1 216.46734 

1 5 14.3 217.77055 

0.6 1 14.2 217.70342 

0.6 0.7 16.1 217.51942 

0.6 5 16 217.03263 

5 1 14.5 218.06408 

5 0.7 16.1 218.98597 

5 5 16.2 218.86764 
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α β Algorithm Algorithm average running time/s Average cost/m 

1 1 Improved ant colony algorithm 12.7 216.675 

1 1 D-ACO 14 226.7966 

1 1 ACO 16 235.2896 

Table 5. Comparison of the results of the two algorithms  

It can be seen from Table 5 that after the two algorithms both converge to the optimal, in terms of time, the algorithm 

in this paper is 12.7s is a significant improvement compared to 14s of the basic ant colony algorithm; on the path, the gap 

is obvious in the same complex environment. The path length of the algorithm in this paper is 216.675 m, which is about 

10 m less than the basic ant colony algorithm. Therefore, the algorithm in this paper is better in terms of path length and 

time cost.  

5.4 Algorithm simulation results  

When the algorithm finds the final optimal value, the optimal path length is the optimal solution of the cost value. The 

above experimental results provide the optimal parameter values for our final experiment. The parameter settings are as 

follows: Source node =(200,200), target node T =(30,310), T =(30,50), ant algebra  k  10, number of ants  m  30, 

pheromone parameters α  1,, heuristic function parameters  β  1, maximum number of iterations NC  150. m=30, 

α=1, β=1, Q=1, and the number of iterations is 150. According to these parameter values, we use the algorithm proposed in 

this article to optimize, and the optimization experiment results are shown in Figure 11.  

 

Fig.11 The simulation curve of the running path of the algorithm proposed in this paper and the other two 

algorithms 
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In Figure 11, The green line segment represents the initial path found by the improved Dijkstra algorithm when the 

QOS conditions are met, the blue line segment represents the optimized path obtained by the traditional ant colony 

algorithm, the red line segment represents the optimized path of the D-ACO algorithm, and the black line segment 

represents the improved ant colony algorithm proposed in this paper.  

In the same complex environment, the improved ant colony algorithm in this paper is superior to the other three 

algorithms in terms of path length, that is, the cost is the best. The specific results are shown in Table 6. 

Algorithm 

 

Data 

The improved ant 

colony algorithm 

D-ACO algorithm 

Traditional ant colony 

algorithm 

Number of nodes 19 19 19 

Cost/m 486.39 507.01 542.61 

Compare this article to improve 

the Dijkstra algorithm cost 

increase rate 

18.2% 14.8% 8.7% 

Table 6. Three algorithm cost results 
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