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Abstract: It leads to the uncertainty of the network topology that the random mobility of nodes in 
mobile Ad hoc networks. In order to accurately predict network topology performance, and 
effectively detect ad hoc network efficiency, capacity and stability, it has proposed in ad hoc 
network mobile node optimization method based on Ant Colony Algorithm. In order to verify the 
feasibility of the method, the hoc Ad network is built using NS2, and the performance of the 
network's successful receiving rate, the receiving end delay and the average hops is detected by the 
simulation calculation. By the final test results, it is found that using ant colony algorithm can 
effectively improve the successful network receiving rate, and reduce the average delay of the 
receiver and the average number of hops, which can effectively improve the stability of mobile 
node routing link. 

Introduction 

With the rapid development of wireless communication technology and driven by more powerful 
function of wireless devices and application software, the development prospect of wireless 
communication has been remarkable changed, the rise of the new fourth generation mobile 
communication technology has greatly improved the data transmission rate. With the continuous 
deepening of the concept and application of the Internet of things, wireless multi hop mobile Ad 
hoc network has attracted more and more researchers' attention. Mobile Ad hoc networks is 
expected to will become the key part of the future 4G network and the Internet of things, and it is 
hoped that the wireless multi hop Ad hoc network performance can become an important part of the 
overall function of next generation wireless communication network, so it has important 
significance to study its performance. 

Ad hoc network based on mobile node 

Hoc Ad network is a self-organizing network, with wireless multi hop, the network can use these 
nodes to find routing and communication, and have no need to use other infrastructure, which is 
based on mobile node technology. In ad hoc networks, the arbitrary node mobility caused the 
wireless topology network is not stable, and the routing performance is hard to predict, the network 
in addition can be run separately, can also cover a wide range of the Internet network. In general, 
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the routing of mobile nodes includes several links, and the network example graph is shown in 
Figure 1. 

 

Fig. 1 Ad hoc network based on mobile node 
Figure 1 shows the Ad hoc network based on the mobile node, its application value is very 

important. Different from the traditional wireless network and wired network, Ad hoc network does 
not require infrastructure, the mobile nodes can be taken as a medium of communication, the 
mobile performance of multi hop routing is strong, so the routing protocol is most important and is 
also the most difficult problem to be solved. In the movement process of node, the energy of the 
node is limited. When the energy consumption of the node, it will lead to the failure of the route, 
and then the communication is interrupted. So, when the energy consumption of nodes at a certain 
time of data communication, routing may fail at the next time, so we have to reestablish the link, 
which can cause the communication overhead and data packet loss. Therefore, it is significant 
important for the normal operation of the network that the research of routing energy, capacity and 
stability. Generally speaking, there are two issues are the most important in the study of network 
stability, which will be covered respectively as follows: 

(1) The establishment of mobile node routing best can average distribute the whole network 
energy, which can screen out lower energy nodes and increase the network lifetime, and make data 
transmission more efficient, and improve the quality of network communication. 

(2) The better routing strategy should be selected, the communication criterion of each hop 
should be determine, and the equalization method is be used to make the route with better stability 
and lower delay characteristics. 

With the continuous upgrading of network, network performance requirements for video and 
voice transmission are constantly improving, so the network delay requirements is higher. Therefore, 
these problems must be taken into account if you want to ensure efficient and reliable operation of 
the Ad hoc network, which can be solved by the study of the mobile node routing. 

Ant colony optimization algorithm of Ad hoc network routing stability based on mobile nodes   

When mobile nodes discovery route, the basis of node response is the partitioning set, after the 
upstream node is stable, the response of the routing request packet can be carried out, and then the 
packet is forwarded, otherwise unable to forward data, so that the network is not stable, the link 
stability model is shown in Figure 2. 
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Fig. 2 The stability estimation model of mobile node routing link 
Figure 2 shows the stability estimation model of mobile node routing link, between node A and 

B, when B receives a data packet sent by A, if within the stability range of A data transmission, the 
stability will be estimated. We refer to A as a reference point, B moves with certain speed V relative 
to A, the movement time is t. Suppose then node B just is in the scope of A, in this paragraph of 
time the trajectory of B is ρ, according to the cosine theorem we can get: 




222

222

sin)cos(

)cos(2

dd

ddr




                                                  (1) 

After finishing the formula (1), we can get the formula (2) as following. 
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Assuming at the moment t0, the coordinates of A is ))(),(( 00 tytx AA , the coordinates of B is 

))(),(( 00 tytx BB , the distance between A and B at the time is: 
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Ant colony algorithm is generally taken to solve complex combinatorial problem, and mobile 
node routing link is also belongs to complex combinatorial optimization problem, Ad hoc network 

model can be established by m nodes. Suppose the number of ants is n, ),......,2,1,( mjid ji   is the 

distance between mobile nodes i, j, ij  is the pheromone concentration of nodes i, j. At the initial 

time, the pheromone concentration of network is the same, with the passage of time, the nodes 
energy can be consumed and pheromone concentration begins to be volatile, which similar with 

ants leave, using 1  to show the degree of volatilization. After m moment, ants have completed 

the time cycle, the pheromone concentration in the path is shown as formula (4). 

otherwise

jiedgeusesantkththeifdQ
k

ij

ij
k

ij

,0

),(/








                              (4) 

100



Where Q is a constant, which is the distance between nodes i and j, when k ants through the path, 
the pheromone concentration is increased, otherwise the pheromone concentration is constant. The 
algorithm can completed by many ants, and each ant have independent search solution, so that the 
network can be optimized. 

Simulation of Ad-Hoc routing protocol based on NS2 

NS2 is a professional network simulation tool, which is oriented to the prior driven object, and 
provides for users with the programming and network configuration tool. It is the extension of TCL 
language. NS command can be used to define the Ad-Hoc network, topology, capacity, and 
receiving and sending of data statistics. NS2 has dynamic data observation function, and 
configuration of the graphics display, simulation network and data can be graphically displayed, the 
network established by the simulation is shown in Figure 3. 

 

Fig.3 NS2 simulation network 
Figure 3 shows the schematic diagram of the simulation network, the scale of the scene is 

1200m×1200m, there are 50 mobile nodes in the scene, the transmission rate is 2Mbit/s, the average 
speed of the node is 0, 1m/s,5m/s,10m/s respectively. The functional advantage of ant colony 
algorithm is verified by network simulation. The simulation mainly analysis successful reception 
rate of data packet, the receiver delay and average number of hops. The simulation results of 
successful reception rate, receiver delay are shown in Table 1 below. 

Tab.1 The simulation results of Ad-Hoc network 
Average velocity 0m/s 1m/s 2m/s 3m/s 

Receiving rate without ant colony algorithm（%） 69.28 70.12 60.25 50.33 

Receiving rate with ant colony algorithm（%） 88.29 80.25 79.32 75.29 

Receiver delay without ant colony algorithm（s） 0.0325 0.0293 0.0528 0.0632 

Receiver delay without ant colony algorithm（s） 0.0112 0.0108 0.0325 0.0438 

Table 1 in the simulation of ad hoc network routing performance of the statistical results, by the 
statistical results can be seen, along with the increase of the speed of mobile node, the success of ad 
hoc network reception rate becomes smaller, the network latency increases, and the use of ant 
colony algorithm can be significantly improved network data receiving rate and reduce the delay of 
the terminal. 
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Fig.4 Average hops count under different moving speeds 

Average number of hops generally refers to the mobile node number from the sending point to 
the receiving point. Figure 4 shows the average number of hops using ant colony algorithm and not 
using ant colony algorithm at different average velocity, it can be seen from the figure that using ant 
colony algorithm can effectively reduce the average number of hops, which can be more convenient 
to find the best route. 

Conclusions 

Because of the Ad hoc network is a flexible network that can be build anytime, anywhere, 
without infrastructure and pre-configured or management, it is realized that mobile Ad hoc 
networks can bring huge commercial potential and advantages. In this paper, the routing 
performance of mobile node Ad-Hoc network is studied, and the ant colony algorithm is used to 
optimize the design of the network. Finally, the optimization effect of the network is verified by 
using NS2, the experimental results show that using ant colony algorithm can improve the data 
receiving rate of the network and reduce the time delay of the terminal, which can improve the 
efficiency and stability of the whole network. 
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