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Abstract — Because routing must consider energy nodes and meet multiple QoS requirements in mobile Ad Hoc network 
(MANETs) environments as much as possible, this paper proposed an Ad-hoc Multi-QoS Cooperative routing algorithm(AMQC)to 
improve the routing adaptability of MANETs and balance node energy consumption. This algorithm uses node interactions to 
obtain corresponding parameters in real time through multiple QoS constraints on link QoS evaluation. Then, it uses cooperative 
game theory to calculate nodes benefit, as a basis for selection of the next-hop, together with the corresponding routing failover and 
routing deletion to reduce the routing overhead. Compared to AODV and DSR, the AMQC routing algorithm in the NS2 
simulation environment showed 2% and 8% improved throughput, respectively. Under different node pause times, their 
normalized routing overhead was basically the same. In high-traffic situations, AMQC reduced the packet loss ratio by 48.2-54.7% 
and reduced node energy consumption reduced by nearly half compared to the DSR; compared to AODV, it would have a greater 
energy surplus. The simulation results show that AMQC can guarantee routing overhead with a higher network throughput, 
reduced the number of lost packets and energy consumption. 
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I. INTRODUCTION 

Mobile Ad Hoc Networks (MANETs) are self-organizing 
networks without a specific infrastructure and no fixed 
topology; it is composed of many mutual collaborative MNs 
to network. Each node in the network can become a relaying 
node, which implements the end-to-end inter connection 
through single or multiple hops [1]. MANETs have the 
advantages of a high-speed building network and lower 
infrastructure requirements [2]; thus, they have been widely 
used in military, emergency rescue, meteorological, 
sociological, and other fields. Routing is an important 
technology that impacts network transmission performance. 
However, due to the developments of MANETs, it has been 
difficult to adapt traditional routing protocols to existing 
network QoS requirements, because the MANETs have 
many unique properties and constraints such as dynamic 
topologies, limited bandwidth, unstable links, and limited 
node resources [3].In addition, with the development of 
various network applications and services, the node must 
collaboratively forward the information according to 
different QoS requirements in terms of specific business data 
transmission [4], so the corresponding routing technology 
research has become more complex. Meanwhile, these kinds 
of networks have raised new problems related to routing and 
data delivery, security and privacy, and trust and usability [5]. 

Many domestic and foreign scholars have conducted 
extensive research on MANET routing technology. M.Usha 
et al. proposed a RE-AODV algorithm [6], which improves 
the original agreement by delaying the end-to-end routing 
time and overhead as the QoS parameter improved the 
original agreement, which improved the performance of the 
standard AODV protocol. In literature [7], Li qishi et al. 

proposed a route algorithm that considered the effects of 
hidden nodes for QoS, and proved the necessity of adding 
QoS measurements to the routing algorithm. The routing 
algorithm based on the distance and bit error rate is called 
MAODV-BER [8]. By adding the bandwidth and delay to 
routing information, the path that could meet the QoS 
requirements was selected. [9] proposed a new QoS routing 
protocol, containing efficient bandwidth estimations, 
admission control and node-disjoint multi-path establishment. 
In literature [10], a SQ routing protocol with QoS constraints 
was proposed based on AODV protocol; it encapsulated the 
end-to-end throughput in the routing request packet, so the 
path can effectively guarantee the throughput requirements, 
to establish a QoS routing with high-throughput and low 
power consumption. In literature [11], a reward-based 
routing protocol (RBRP) for MANETs was proposed; it used 
the Q-learning route strategy to select a stable route to 
enhance system performance. To discover an ideal routing 
algorithm that uses minimum network resources and 
improves network performance, [12] proposed an adaptive-
gossiping routing algorithm that saved network bandwidth 
and energy consumption at each node by reducing duplicate 
routing messages. Wang Yaliet. al. [13] proposed the energy-
efficient routing algorithm IAMQER with multiple QoS 
constraints through an improved ant colony algorithm; this 
algorithm considered node information about themselves, 
such as node queue length, node forwarding data volume, 
residual energy, etc.; this balanced the network throughput 
and energy consumption, improved the network packet 
delivery ratio, and reduced the packet loss rate. 

Additionally, game theory has been applied in recent 
years in an attempt to improve routing decision [20]. 
According to the expected service quality, we can consider 
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the network throughput by game theory, and quantify node 
selection entropy to determine the node game and obtain a 
balance; [15] introduced the dyeing theory and game theory 
into the routing algorithm to model the earnings nodes, and 
proposed the corresponding routing algorithms. Ad Hoc 
network may appear node collaboration problem for the 
reason of traffic load imbalance. In literature [16] Rong-
Sheng Dong et al. used Markov game theory with energy and 
node reputation to achieve the Nash equilibrium, which 
effectively prolonged the network lifetime. [17] designed a 
new routing algorithm by applying game theory to routing 
within the highly independent wireless Ad hoc networks. 
Depending on the situation, each network nodes elected its 
own reasonable cost to the next node. However, the 
development of each network node's routing cost must be in 
line with Nash equilibrium and the network node’s pricing 
mechanism. 

Although many of the above research results are related 
to the MANETs scenario of QoS routing, how to solve the 
routing problem with multiple QoS constraints has been the 
difficulty in associated research. Therefore, this paper 
designs and simulates multiple QoS constrained cognitive 
routing algorithms based on a cooperative game, which is 
used to calculate the next-hop node joining income path to 
determine the optimal QoS path. 

II. CONCEPTUAL FRAMEWORK 

A. QoS Constraints of Cognitive IOT 

The research work in this paper was based on the 
topology shown in Fig. 1. We consider that the Cognitive 
IoT is a group of autonomous domains [18]. Coupling is high 
in the internal autonomous region, while independence is 
high on the outside. Each domain contains different 
cognitive nodes (AN), simple nodes (SN), and network links, 
such as computers, routers, servers, switches, printers, and 
other devices. 

 
Figure 1. Cognitive IOT Topology Structure. 

The cognitive IOT must include wired and wireless 
networks, and it may be centralized, distributed, hybrid or 
another form. It must also provide good end-to-end 
performance, and have self-sensing, self-adaption, self-
decision, self-learning, self-optimization, and other 
intellectual properties. 

Here, the digraph shows the MANETs network topology, 
in which 
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network. Link aggregation between nodes can be expressed 
as 
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denote the number of nodes and links in the network. The 
path that meets the following conditions satisfies the QoS 
requirements; the specific QoS constraints are as shown in 
Eq. (1). 
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In which ( )B p  represents the minimum bandwidth of all 

links on path p ; ( )D p  represents the sum of the delay of all 

links on path p ; ( )PL p  represents the packet loss rate on 

path p ; ( )E p  shows the energy value that is the remaining 

energy minimum among all nodes. 
T

B , 
T

D , 
T

PL , and 
T

E  
are the setting thresholds with these QoS parameters, 
respectively. 

B. The Cooperative Game Theory 

Cooperative game theory [19] is an important part of the 
game theory; it is also known as positive-sum game and a 
game type that can improve the benefits of both sides of the 
game participants; alternatively, it can ensure that one side 
does not experience loss while the other side experiences 
gain. In a game with n  participants, N  represents the 
participants set S  is asubset in N  , called an alliance. 

{ | , }N S i i N i S     .In S  and N S  game, ( )V S  

is the maximum utility of S , and it was called as the 
characteristic function of the alliance S , which needs meet 

1 2 1 2( ) ( ) ( )V S S V S V S    and 1 2S S   . Each 
cooperative game offers a unique benefit. 

1 2( ) ( ( ), ( ),..., ( ))NV V V V     represents a set of 

income that is available for distribution. The ( )V  
calculation formula is as follows. 

( ) (| |)[ ( { }) ( )]V W S V S i V S               (2) 

In which ( )B p  represents the minimum bandwidth of all 

links on path p ; ( )D p  represents the sum of the delay of all 

links on path p ; ( )PL p  represents the packet loss rate on 

path p ; ( )E p  shows the energy value that is the remaining 

energy minimum among all nodes. 
T

B , 
T

D , 
T

PL , and 
T

E  
are the setting thresholds with these QoS parameters, 
respectively. 

In Eq. (2), it can be found that in a cooperative game, 
each participant's earnings and its contribution to the alliance 
should be proportional. The dedicate of alliance S  is 

( )V S ;if participant i  joins S , the new alliance cooperation 
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revenue is ( { })V S i , so the revenue value of participant i  
to alliance S  is ( { }) ( )V S i V S  . | |S  represents the 

number of elements in collection S . (| |)W S  represents the 
weight factor of participating in the cooperation contribution. 
Eq. (3) presents the specific calculation process. 

(| | 1)!( | |)!
(| |)

!

S N S
W S

N

 
                            (3) 

III. AMQC ROUTING ALGORITHM 

The AMQC routing algorithm proposed in this paper, 
evaluated the QoS according to the current link quality, then 
calculated the revenue by Cooperative Game theory, which 
rationally selected the highest revenue node as the next-hop 
node, achieving the optimal QoS routing. The algorithm 
consists of four parts: initialization neighbor discovery, 
routing discovery, routing failures, and route deletion. 

A. Initialization Neighbor Discovery 

In the routing initialization phase, each network node 
does not know the neighbor nodes within its communication 
range, so it must establish a neighbor node list. Due to the 
dynamic nature of the network, the corresponding network 
topology is formed, among which the nodes need to discover 
the neighbor periodically. 
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Figure 2. Initialization Neighbor Node Discovery. 

As shown in Fig. 2, in the network initialization phase, 
the nodes broadcast the Hello message to all nodes in its 
communication range. The message mainly contains the 
node ID, node performance goals, and time stamp. When the 
effective neighbor node receives the Hello message, it sends 
a corresponding ReplyHello message, which contains the 
neighbor node ID, response time, energy value, distance, 
time stamp, etc. The second node adds the correlate neighbor 
node information into its own neighbor list, ensuring that 
each node determines neighbor node information in its own 
communication scope at all times. The corresponding 
algorithm is as follows: 

 
Algorithm 1. Initialize the neighbor discovery algorithm 
//All nodes collect neighbor node information 
1. All nodes broadcast the Hello message and set up the initial time and node initial revenue value; 
2. While in period T, receive the replied ReplyHello message by the neighbor nodes; 
3. Extract the effective information in the messages: the position of the neighbor nodes, energy value, and response time, etc. 
4. Obtain the corresponding neighbor node routing table information. Update the local routing table information of the nodes, and 

maintenance locality topology; 
5. End while: if the time reaches the cycle time T, the neighbor node information collection finishes.

 

B. Route Discovery 

1) Initializethe Information 

When the source node and destination node in the IOT 
need to establish a route to meet QoS demands, the source 
node must encapsulate the minimum QoS requirement in 
RREQ; the intermediate nodes must search the neighbor 
node that meets the QoS minimum requirement for 
forwarding during the forwarding RREQ. If messages could 
arrive at a destination node, it denotes a path satisfying the 
QoS demands. When the destination node receives the 
RREQ from the source node, it will register and send routing 
reply messages RREP along the reverse order of the nodes 
comparing to RREQ. After the source node receives the 
RREP, it could calculate the revenue of each path that 
satisfies the QoS demand by cooperative game theory, and 
choose the largest revenue path as the data transmission 
channel. 

When a route meeting QoS requirements is needed to be 
established between the source and destination node in 
MANETs, the source node needs to search available routing 
in the routing cache. If there is no route arriving at 
destination node, the routing discovery is enabled, in which 

source node needs to encapsulate the minimum QoS 
requirement in RREQ. Fig. 3 shows the specific format. 

 

Figure 3. Initialization Neighbor Node Discovery. 

In which the SID represents the source node ID, DID 
represents the destination node ID, RR represents the routing 
record that could record the node serial number from the 
source node to the destination node, RID represents the set of 
routing request serial set by the source node, QoS TH is the 
QoS minimum requirement, and QoS Value is the QoS 
performance evaluation value of the current path. 

Before forwarding the routing request packet, the source 
node must evaluate the QoS performance of the link among 
its effective neighbor nodes. QoS performance is evaluated 
according to Eq. (4). 

( ) ( ) ( ) ( ) ( )QoS p B p D p PL p E p           (4) 
In which  ,  ,  , and   respectively represent the 

weights of the four QoS parameters in the QoS evaluation 
path, and 1       . The function for the QoS 
evaluation of the path is also the characteristic function to 
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calculate revenue of the next-hop node. The problem of 
selecting the QoS routing next-hop could be converted into 
the problem of the next-hop node to join the path calculation 
revenue; namely the higher the revenue, the greater the 
possibility it will be selected as the next hop node. By using 
the Shapley value of the cooperative game theory calculation 
method, selecting all satisfies the QoS requirements of the 
next-hop node as members of the alliance to form a path for 
the union by calculating the alliance members to join the 
alliance's revenue as the basis of choosing the next-hop node. 

( , )n p  represents the revenue of node n  to join path p ; 
the specific formula is as follows: 

( )!( 1)!
( , ) ( ( ) ( ))

!

n p p
n p QoS p n QoS p

n
  

      (5) 

When new high-yield nodes join the path, the former 
nodes forward the route request packet. The node calculates 
and modifies the current path of the QoS assessment value, 
and repeats the former evaluation methods to process the 
next round of routing discoveries. If the route request packets 
can successfully reach the destination node, the destination 
node makes the corresponding processes. And according to 
the records of the routing request packet and routing reply 
messages, after the source node receives the messages, a 
routing that meets the QoS demand is formed, beginning to 
send data. 

2) Route Discovery Process Sample 

We offer a concrete example to illustrate the specific 
routing discovery process: 

Step 1. The program determines the effective neighbor 
node, as shown in Fig. 4. While the source node A searches 
neighbor nodes, it needs to calculate its QoS performance 
function with its next-hop path to judge whether it is valid 
neighbor node, such as  ( , ) 1QoS A B  , 

 ( , ) 2QoS A C  . It doesn’t denote effective neighbor 

node if the node performance does not meet the minimum 
QoS requirements; 

 

Figure 4. Judge effective neighbor nodes. 

Step 2. To conserve energy, calculating to the revenue of 
effective neighbor nodes is added to the path while 
forwarding RREQ, as shown in Fig. 5. In which, 

 ( , , ) 0.4D A B  ,  ( , , ) 0.6E A B  ,  ( , , ) 1.2E A C  , 

 ( , , ) 0.8F A C  . After the calculation, effective neighbor 

nodes are joined to the path with maximum revenue. And the 
path with less hops is preferentially formed while the 
revenue is same. 

 

Figure 5. Effective neighbor node with path revenue calculation. 

Step 3. After the new node joins the path, the former hop 
will send RREQ to it. The node calculates and modifies the 
current QoS performance value path, and repeats the former 
steps to forward the next round of RREQ; 

Step 4. After the RREQ message arrives at the 
destination node, the destination node makes the 
corresponding processing, and reverses sending the RREP 
according to the message records. The source node receives 
the RREP, then creates a QoS route to forward data. 

C. Routing Failure 

MANETs nodes have limited energy [20] because the 
existing energy of intermediate nodes are not able to 
complete a data forwarding task; therefore, the former 
effective path cannot meet the requirements of the minimum 
QoS path because of the changing network topology. That is 
to say, the current route fails, which requires implementing 
route failure processing, which is more complex because of 
the dynamic network. For new round path QoS assessment 
and node earnings calculation, according to information 
periodically obtaining from neighbor nodes, the source node 
will send RREQ to obtain a new QoS route. The 
corresponding algorithm is as follows: 
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Algorithm 2. Route break processing algorithm 
//Route break processing from node i  to node j  

1.While no route can arrive at the destination node, do;  
2. Call the neighbor node information of node i ; 
3. Evaluate the new link according to Eq. (4); 
4. Calculate the revenue of each effective neighbor nodes to join the 

existing path according to Eq. (5); 
5. Choose the next hop node by revenue size; 
6. While the path QoS evaluation is below the threshold, do; 
7. Node re-determines the effective neighbor nodes again; 
8. End while: if the node information is obtained, the node discovery 

process stops;  
9. Nodes update node parameters according to energy consumption; 

10. End while:The neighbor node routing table is updated 

D. Routing Delete 

A node is considered to be a death node while the energy 
exhausts in MANETs. An excess of death nodes will affect 
network connectivity. Routing to delete prevents other nodes 
from using the routing information of death nodes. 
Forwarding data after performing will cause unnecessary 
forwarding, affecting the choice of the optimal path and 
causing unnecessary energy consumption. 

 

Figure 6. The route deletion process. 

As shown in Fig. 6, when the node is about to run out of 
energy, the node sends a tip packet to the source node 
notifying that its energy is exhausted. After the source node 
receives the tip packet, it deletes the route by broadcasting 
the RD; it also deletes routing caches that contain this node 
so that it does not send data to it during the next route 
discovery step, thus conserving energy. 

E. Algorithm Flow 

Fig. 7 shows the detailed work process of the AMQC 
algorithm. 

IV. THE SIMULATION EXPERIMENTS AND ANALYSIS 

A. Computational experiments 

Most domestic and foreign research institutions have 
adopted NS2 to simulate network routing protocol models. 
The AMQC algorithm proposed in this paper is transplanted 
at NS2 framework, in which,50 mobile nodes using Random 
Waypoint sports model and built-in node NS2 energy model  

 

Figure 7. AMQC algorithm flow chart. 
are constructed. In simulation, adopting fixed reception 
power and transmission power, the energy consumption of 
the node is reduced by receiving and transmitting packets 
(including sending RREQ, RREP and packets) or idle 
monitoring. The initial energy sets 40J, the threshold of QoS 
constraints to TB =20bit/s, TD =100ms, TPL =15%, TE =5J, 
and the simulation experiment mainly focus on reducing 
energy consumption. So the weights of the QoS parameters 
are set to  =0.2,  =0.1,  =0.3,  =0.4, the initialization 
revenue value of all nodes are 0. Comparing with AODV 
protocol and the DSR protocol in MANETs, comparison and 
analysis specifically in throughput, normalized routing 
overhead and node residual energy aspects are carried out. 
Specific parameter setting is shown in Table I. 

TABLE I.  SIMULATION PARAMETER SETTINGS 

Simulation parameter 
Settings 

250m 

nodes number 50 
the interval of  
data contract 

1s-5s 

transmit power 0.66w 
received power 0.395w 

idle monitor power 0w 
neighbor nodes confirm 

cycle 
30s 

packet-size 512bit 
simulation time 300s 
simulation count 50 

B. Discussion 

In terms of throughput, we divided this experiment into 
two stages that clearly reflect the experiment result. The two 
stages are 0-150s and 150s-300s. 
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(a) 0-150sSimulation time 
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(b) 150s-300sSimulation time 

Figure 8. Throughput contrast 

We can see from Fig.(8(a)) that during the first 20 
seconds in the experiment, the AMQC algorithm was not as 
good as the other two protocols. This is because it needs to 
choose the optimal QoS route for nodes in the early stage of 
the algorithm, so it spends more time establishing that route. 
From Fig.(8(b)), we can see that throughput obviously 
improved after the QoS route was established. The AMQC 
routing algorithm showed 2% and 8% improved throughput 
compared to AODV and DSR, respectively. Table II 
compares the throughput results. 

TABLE II.  SIMULATION PARAMETER SETTINGS 

Algorithm Mini value Max value Average 
Standard 

deviation 

AMQC 872.9 8803 6092.3 2946.1 

AODV 867.8 8644 5953.0 2905.3 

DSR 776.3 8461 5846.6 2832.3 

 
Normalized routing overhead refers to the ratio between 

the number of sending and forwarding routes, and the 
number of receiving data packets. It reflects the degree of 

network congestion and node power efficiency. The larger 
the normalized routing overhead, the greater the probability 
of network congestion, which could delay the sending of 
data packets. 
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Figure 9. Normalized routing overhead contrast. 

We can see from Fig. 9 that the three routing algorithms 
are basically the same in terms of normalized routing 
overhead, and its changing-curve is relatively uniform. The 
more dynamic the nodes are, the greater the route overhead 
becomes. The simulation experiment has a certain extent of 
contingency because the adoption of node is random and 
subtle change in the cost is negligible. Overall, the costs of 
the three algorithms are not high, so they do not cause 
network congestion. Table III compares the routing cost 
results. 

TABLE III.  ROUTING COST 

Algorithm Mini value Max value Average 
Standard 

deviation 

AMQC 0.3825 1.537 0.8446 0.5029 

AODV 0.2982 1.823 0.9321 0.5548 

DSR 0.3264 1.592 0.9312 0.4890 

 
Keeping the total simulation time a constant, we tested 

the average packet loss rate by using different contract 
intervals to reflect the results more objectively. We randomly 
selected4 of the 10 experimental results to compare. As we 
can see from Fig. 10, the packet loss rate of the AMQC 
algorithm was better than other two algorithms in sending 
packets at 1s; however, as interval contracting increased, the 
packet loss rate of the three algorithms became closer. The 
experiment showed that the AMQC algorithm exhibited 
better performance than the AODV and DSR algorithms 
during a high volume of business. Its packet loss rate was 
significantly lower than the other two algorithms at 48.2% -
54.7%. These numbers demonstrate that the proposed 
algorithm is more effective when dealing with frequent data 
interactions.
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Figure 10. The contrast of packet loss rates with different send packet interval. 

Table IV compares the packet loss rates. 

TABLE IV.  PACKET LOSS RATE 

Algorithm Mini value Max value Average 
Standard 

deviation 

AMQC 0.0038 0.0372 0.0323 0.0022 

AODV 0.0295 0.0368 0.0461 0.0614 

DSR 0.0327 0.0428 0.0365 0.0029 

 
Energy is the key consideration of QoS parameters in this 

experiment. As we can see from Fig. 11, in the experimental 
area of about 1000*300, the residual energy of DSR was 
obviously lower than those of the other two route algorithms. 
The node energy distribution in AODV was slightly uniform, 
so AMQC had more remaining energy. 

 
(a) Node energy distribution diagram of AMQC. 

 

(b) Node energy distribution diagram of AODV. 

 

(b) Node energy distribution diagram of DSR. 

Figure 11. Node residual energy contrast 

Table V compares the residual energy results. 
As shown in the experiment, in mobile ad hoc networks, 

QoS constraints are important for the route algorithm; 
additionally, using cooperative game theory can improve the 
rationality of selecting QoS routing in the next-hop node. 
This experiment demonstrated only part of the experimental 
diagrams; however, the simulation results were basically the 
same as the above results across many trials. 
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TABLE V.  RESIDUAL ENERGY 

Algorithm Mini value Max value Average 
Standard 

deviation 

AMQC 3.6 22.8 19.6 6.7350 

AODV 5.5 23.2 18.2 6.6212 

DSR 0 8.6 5.2 2.6533 

 

V. CONCLUSIONS 

By using cooperative game theory, this paper proposes a 
Multi-QoS constrained Ad Hoc routing algorithm based on 
cooperative game theory. This algorithm creates constraints 
when choosing a path with multiple QoS parameters. By 
using QoS path assessment and cooperative game theory, it 
calculates the revenue that the node will receive if it joins a 
path; it rationally chooses the maximum yield nodes as the 
next-hop node, and deletes failed routes to reduce 
unnecessary energy consumption. Simulation experimental 
results showed that the AMQC routing algorithm can better 
choose an optimal path that will conform to the QoS 
requirements, has good performance (especially in the node 
energy consumption0, which was reduced by nearly half 
compared to DSR. In next step of the research work, the 
algorithm must be further improved, and reduces the effects 
of the node mobility. 
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