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ABSTRACT  
 In this paper we present a new architecture 
based on the principle of cooperation between the 
networks in which MIMO technology is virtually 
introduced to transmit information using Ant 
Colony Optimization. It is a new natural 
computation method from mimic the behaviors of 
ant colony. It is a very good combination 
optimization method. To extend the ant colony 
optimization, some continuous Ant Colony 
Optimizations have been proposed. To improve the 
performance, the principles of evolutionary 
algorithm and artificial immune algorithm have 
been combined with the typical continuous Ant 
Colony Optimization, and one new Immunized Ant 
Colony Optimization is proposed here. 
Implementing network coding on commercially 
available mobile devices, the performance is 
presented in terms of throughput, delay and energy 
consumption. To improve the performance within 
the cooperative cluster even more, network coding 
seems to be a promising technology as it decreases 
the number of packets to be interchanged among 
cooperative mobile devices leading to a decreased 
packet delay. The energy saved by fewer packet 
transmissions is confronted with the energy needed 
to carry out the network coding and related 
overhead. 
Keywords - MIMO, co-operative network, MIMO 
Cooperative, diversity, ant colony optimization. 
 
1. INTRODUCTION 

The 'MIMO co-operative' model uses the 
principle of the co-operation between the terminals, 
in order to exploit spatial diversity in an Ad hoc 
network and to optimize thus the use of the various 
nodes while drawing aside the MIMO system 
virtually to have a good improvement of QoS. Ant 
Colony Optimization (ACO) is a new natural 
computation algorithm from mimic the behaviors 
of ants colony. The original intention of ACO is to 
solve the complicated combination optimization 
problems, such as TSP, so the traditional ACO is a 
very good combination optimization method. Its 
basic biologic principle is briefly introduced as 
follows. As one kind of social insect, the behavior 
of ant is very simple, but the ant colony can 
represent very complicated behavior, and can 

complete very complicated task. The scientists 
have noticed this phenomenon for a long time.  
 
 
 
From a lot of researches, they found that, the 
information is delivered among ant colony by one 
kind of hormone. Through this kind of information  
exchange, the ant can cooperate and complete very 
complicated task. As the ant moves, the hormone is 
released on its path. The follow ants can perceive 
this hormone and recognize its density. And have a 
larger probability to move along the path that has 
the greater hormone density. So, this is a kind of 
information positive feedback: the more ants move 
along a road, the more probability of follow ants 
also move along this road. Based on above 
principles, the ant colony optimization can solve 
very complicated combination optimization 
problems. For cooperative wireless networks the 
network coding seems a viable solution to decrease 
the traffic within the short range cluster and with 
that to decrease the delay and the energy 
consumed. The concept of network coding was 
firstly introduced for wired networks where it was 
shown that allowing nodes in a multicast graph to 
code incoming Cooperative cluster formed by 
mobile devices using the short range technology in 
a cellular environment. The messages enabled the 
information flow to reach the maximum capacity as 
given by the max-flow min-cut theorem for network 
information flow. The basic idea of network coding 
can be illustrated by using the multicast butterfly 
example in Figure 1. 
 

 
 

Figure 1: The butterfly example for network 
coding. 
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In this example all edges have a capacity 
of one bit per unit time. By the max-flow min-cut 
theorem we see that the max-flow from the source s 
to the sinks t1 and t2 equals two. Thus that the 
maximum number of bits simultaneously delivered 
at each of the sinks should equal two. Clearly by 
inspection of the graph this cannot be achieved 
without some form of coding, as the middle node is 
limited to one outgoing bit per time unit. However, 
by allowing node 3 in this case, to code the 
incoming bits, we can achieve the max-flow as 
shown in Figure 1.  

 
2. SYSTEM MODEL 
2.1 The MIMO Cooperative model 

The 'MIMO co-operative' model consists 
in using, between a terminal source S and a 
terminal destination D, terminals "relay” R. The 
latter are charged to cooperate with S to 
transmit information from S to D. Using the 
terminals “relay" , it is possible to obtain the same 
advantages as those obtained with MIMO 
techniques. The terminals "relay" plays the role of 
the radiating -receiving antennae. These means of 
communication are particularly adapted to the ad 
hoc networks.  
 

 
 

Figure 2 : The MIMO Cooperative model 
 
 To apply MIM0 CO-OPERATIVE model, 
we only need to follow these stages namely: 

 
1st stage: The choice of cluster source. 
 
2nd stage: The choice of cluster destination. 
 
3rd stage: The choice of the relays of cluster 
source. 
 
4th stage: The choice o f the relays of cluster 
destination. 
 
5th stage: The test of coverage: 
 

 If so, we stop. 
 

 If not, we will build an intermediate 
cluster and then we move to the 6th stage. 

 
6th stage: The intermediate choice of cluster. 
 
7th stage: The choice of two groups of the relay of 
intermediate cluster, one close to c1uster source 
and the other close to cluster destination, then we 
go back to the 5th stage. 
 

MIMO CO-OPERATIVE model is 
adaptable to whatever network architecture. To do 
so, we will have to respect the previous stages: 

 
1st stage: Cluster source: 
The choice of cluster is based on the distance 
between the source and the whole of the relays 
close to it; i.e. that this cluster will contain the 
source and the relay them close to it. 
 
2nd stage: Cluster destination: 
The choice of cluster is also based on the distance 
between the destination and the whole of relay 
close to it; i.e. this cluster will contain the 
destination and the relays close to it. 
 
3rd stage: The choice of the relays of cluster 
source: 
For the selection of the candidate nodes to the 
relaying which will take part in the co-operation in 
the cluster source, we thus use a method that is 
based on the distance in such a way that it is at the 
edge of cluster and close to cluster destination in 
order to preserve energy, where the user has the 
possibility of choosing the number of relay used. 
 
4th stage: The choice of the relays of cluster 
destination In the same way, the selection of the 
candidate nodes in the cluster destination will 
fo1I0w the same method, taking into account that 
these relays must close to cluster source in order to 
preserve energy. 
 
5th stage: The test of coverage: 
After having built the different clusters and 
candidate relays, we must apply a test of  overage 
i.e. to check if the candidate relay of these two 
clusters can communicate with each other. If this 
condition is satisfied we will put an end to this step, 
if not, we will move to the next stage. 
 
6th stage: The choice of intermediate cluster. 
 
7th stage: The choice of two groups of the relays. 
One close to cluster source and the other close to 
cluster destination. It proves that there exist three 
communication systems; 
 
SIMO: node-source towards the node-destination. 
MIMO: cluster source towards node-relay. 
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MISO: node-relay towards node-destination. 
With our model "MIMO cooperative" we 

have succeeded to relatively maximizing the 
throughput and optimizing the power. 
 

 
 

Figure 3: The choice for the Intermediate 
Cluster 

 
2.2 Immunized Ant Colony Optimization 
 

Figure 4 :Basic flow Chart of Continuous Ant 
Colony Optimization 

 
From the above flow chart of continuous 

Ant Colony Optimization, the ant 
individual cannot explore effectively in internal 
cycle, the efficiency and precision of whole 
algorithm will be damaged largely. To improve 
continuous Ant Colony Optimization, here the 

mature methods used in evolutionary algorithm and 
artificial immune system are introduced into 
continuous Ant Colony Optimization, and a new 
Immunized Ant Colony Optimization (IACO) is 
proposed. 
The detailed process of IACO is as follows. 
 
 2.2.1. Creation of initial ant colony.  

In the solution space of optimization 
problem, the ant colony is created randomly, so the 
ant initial population can be gotten.. The site of one 
ant individual is corresponding to one point of 
solution space, which is one solution vector. 

 
2.2.2. Fitness functions of ant individual.  

The fitness function of individual is 
generally a kind of transformation of its objective 
function. The purpose of this transformation is not 
only to guarantee the fitness value of each 
individual positive, but also to maintain the 
diversity among individuals. 

 
2.2.3. Probability move of ant individual.  

The probability move of ant individual is 
the key operation of algorithm. Its move 
probability can be expressed as follows. 

 

 
where,τj is hormone intensity of ant 

individual. At initial stage, it is a constant, which is 
τ0 =c. In this study, we take c �0.001, τj is related 
with f(i) through ∆τ. ηij =fi -f j , which express the 
modification quantity of objective function after 
the ant individual moves. When fi =fj is occurred, 
the movement should be repeated, until they are not 
equal.  The α and β are two variables, which ranges 
are as follows, 1 ≤α≤5 , 1 ≤β ≤5.  
 
2.2.4. Mutation operation. 

 Here, the mutation operation is a kind of 
adaptive Cauchi mutation, which form is as 
follows. 
 
Suppose one individual of the population is  
X =(a1,...,a4 ) , the new mutated individual is 
X′= (a1′,...,a4′) , then the component of the new 
individual can be described as follows. 
 

 
 

where, σi is the standard deviation of the 
parameters; Ci (0,1) is the Cauchi random number; 
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F(X) is the fitness of individual; βi  and γi are two 
parameters, T is a adaptive parameter, which 
description is as follows, 
 

 
 
where, T0 is the initial parameter, which value is 
2.5; Fmax, Fmin are the maximum and minimum 
fitness of the current population. 
 
 The adaptive mutation can make the 
disturbing extent of mutation adaptively 
changeable through the computation iterative 
extent, so the search performance of the whole 
algorithm can be improved. 
 
3. SIMULATION 

 
Figure 5: The Trace of the Different 
Onstellation Order to Maximize the 

Throughput. 
 

The graph of various constellations 
MQAM (Multiple Quadrature Amplitude 
Modulation) shows that for each interval of SNR 
we find a constellation which maximizes 
Throughput.  

 
To know: 

• For SNR ([- 20, - 4] dB) the best 
constellation is that of 4QAM. 

• For SNR ([ - 3, 6] dB) the best 
constellation is that of 16QAM. 

• For SNR ([7, 20] dB) the best 
constellation is that of 64QAM. 

 
We conclude that the best constellation 

used is an adaptable constellation. After choosing 
the best constellation so as to increase the 
throughput, we need a function which will be the 
measurement of the mutual satisfaction of the 
maximization of flow and the optimization of flow 
and the optimization of energy. 

 
The objective is to maximize the Flow of 

the system by maintaining the report/ratio of signal 
to- noise optimal (SNR) with an aim of optimizing 
the power of transmission of the data. Power is 
control essential for the operation of wireless 
networking, because the power of exit for each user 
contributes to the interference known by others. 
The productive flow is strongly centered by the 
product of rate of transmission of information and 
by the rate of chances of success of the 
transmission. Figure 6 represents the graph of 
utility Vs SNR which shows that when the SNR 
increases the utility factor also gets increased. We 
can use a power that is more optimal than the one 
used before, by seeking a factor of reduction alpha 
< 1 so that all the terminals can increase their 
utility function. 
 

 
 

Figure 6: Utility Function of With Different 
Value of Alpha 

In Figure 7 we see that the energy 
consumption of pure network coding is smaller 
than pure relaying. But the energy consumption is 
even more reduced by introducing a small number 
of teams, the lowest energy consumption is found 
when using T = 4. If the number of teams becomes 
too large, the energy consumption goes up again. 
But note, having more teams will lead also to an 
additional delay. 

 
Figure 7: Energy Consumption Versus Delay for 

the Pure Relaying, Pure Network Coding, and 
Network Coding in Teams for Power Values of 

WLAN Type. 
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In Figure 8 the usage of teams helps to 
reduce the energy consumption. By using T = 24, 
the overall energy consumption will be even 
smaller than the pure relaying.  
 

 
Figure 8:Energy Consumption Versus Delay for 
the Pure Relaying, Pure Network Coding, and 
Network Coding in Teams for Power Values of 

Ideal WLAN Type (Pidle = 0). 
 
4. CONCLUSIONS 

MIMO technology is introduced in a 
virtual way in order to transmit informat ion from 
the source towards the destination, while benefiting 
from the existence of the various nodes and while 
exploiting diversity in an Ad hoc network for the 
improvement of QoS. We have choose an 
adaptable constellation MQAM for each interval of 
SNR which has given us good improvement as to 
maximizing the flow (Throughput) and to 
optimizing the power. The combination of 
cooperative wireless networks and network coding 
is advocated. The combination of those two 
approaches is beneficial for the throughput, delay 
and the energy consumption. To improve the 
performance of those continuous ant colony 
optimizations, here the principles of evolutionary 
algorithm and artificial immune algorithm have 
been combined with the typical continuous Ant 
Colony Optimization, and the adaptive Cauchi 
mutation and thickness selection are used to 
operate the ant individual, so a new Immunized Ant 
Colony Optimization is proposed. 
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