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Abstract 
 
In Cognitive Radio Ad Hoc Networks (CRAHNs), channel assignment and 

routing are dependent on each other and need to be handled combinedly.  

The routing protocols in CRAHN should consider the remaining battery 

energy, traffic load parameters and data delivery rate. This paper proposes 

Energy optimized Joint Channel Assignment and Routing using Cat Swarm 

Optimization (EOJCAR-CSO) algorithm in CRAHN. In the proposed 

algorithm, relay node based routing is performed using the CSO algorithm. 

An objective function is derived in terms of interference to PUs, average 

traffic load, packet reception ratio and residual energy. In channel 

assignment scheme, channels with good channe condition are assigned for 

the nodes along the selected route. Results have shown that JCAR-CSO 

achieves higher PDR and remaining with lesser delay.  

 

Key words: Cognitive Radio Ad Hoc Networks, Channel assignment, 

Remaining Battery Energy, Relay nodes, Routing, Cat Swarm Optimization. 

 

1 Introduction 
 

Cognitive radio (CR) has become a hopeful key to solve the range 

scarcity problem in the following group cellular networks by means of 

likelihoods in time, orderliness, and space arenas [1].It can utilise the  
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spectrum sources efficiently via adaptive variation of factor settings and 

decision-making. CR is able to effortlessly acclimate to its environments for 

communication, centred on the properties and disparities of the wireless 

signal. As CR has the capability to sense the actual milieu perceptively, it 

varies from the predictable radio [2]. In cognitive radio network (CRN), the 

operators are  considered as primary users (PU) and secondary users (SU). 

SUs can sense the unexploited spectrum by means of spectrum hovels. The 

PU is accredited to admit the frequency band deprived of bearing in mind the 

SU communication [3][4]. 

 In CRAHNs, wireless expedients can enthusiastically start networks by 

means of the empty spectrum bands allotted to PUs.  Due to the varying 

spectrum accessibility and vibrant network topology, routing familiarizes a 

noteworthy task in CRAHNs [5]. In this network, each user ought to have CR 

capacities and is in charge of its decisions generated on the intuitive 

observation [6]. 

 

1.1 Problem Identification and Objectives 
 

In channel assignment procedure,every node is allocated one or more 

idle networks. To handle channel assignment appropriately, proper plans are 

established to allot the prevailing channels. An elementary prerequisite for 

channel assignment is to evade interference,as diverse associates or operators 

are not able to utilise the same channel inside their broadcast assortment 

simultaneously[7]. 

Routing becomes challenging with countless result on the complete 

presentation of the system. Establising routes in CRAHN has to familiarize 

to active variations of band because of stochastic performance of PU and SU. 

Furthermore, the routing procedures should handle the heterogeneity of 

sources [8].In energy-constrained CRAHNs, it is obligatory to take 

dynamism effectual routing into strategy deliberation [15]. Likewise, the 

routing procedures must consider the influence of primary user action, path 

ruptures because of node movement and network tenure, problems of 

dispersed multi-hop system construction, and multi-channel transportations 

[9][16]. 

Hence the main objective of this work to design a combined management 

of channel assignment and routing strategies in order to provide efficient 

channel selection and energy efficient routing.   

This paper proposes Joint Channel Assignment and Routing using CSO 

(JCAR-CSO) algorithm for CRAHNs. 

This paper can be organized as follows. Section 2 describes the literature 

review done on this topic. Section 3 explains the detailed methodology 

involved in the proposed solution. Section 4 presents the simulation results. 

Section 5 contains the conclusion. 
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2 Literature Review 
 

The cognitive radio and energy based routing protocol [10] addresses the 

exclusive encounters in CRSNs, comprising active band admittance,solitary 

transceiver, and energy restraint. In specific, their suggested routing 

procedure does united node-channel task by considering energy, is conscious 

of the CR at the system layer, and can grab band chance in other spectrum 

bands. They offered a modest investigative exemplary of the suggested ECR 

in the perspective of network level dynamism. 

The dispersed CR routing procedure [11], types the subsequent offerings:  

(i) obvious guard for PU recipients that arenormally not sensed for the 

duration of band identifying,  

(ii)permitting manifold periods of paths centred on provision variation in 

CRN and  

(iii) ascendable, combined route-spectrumchoice. A vital innovation of 

CRP is the plotting of band choice metrics, and indigenous PU intrusion 

explanations to a package advancing suspension towards the control network. 

This permits the path creation assumed through a control channel to seize the 

ecological and band evidence for all the transitional nodes. 

The combined channel selection and routing etiquette [12] confirms 

route solidity and lessen route dormancy amid intellectual customers. The 

channel accessibility based on historical data and the channel swapping 

interruption are applied to select the channel and the route which owns high 

data transfer possibilities and little postponements.The channel provision 

based on video content [13] necessities the superiority of the accessible 

networks. Their goal is to protect network bandwidth and attain superior 

video supply. In this work, the video data is split into clusters based on 

prospect intricacy and PSNR. To assign channel to the clusters through 

multiple channels, they initially want to recognize the proprietor’s 

commotion and then make the most of the unscrupulous habit consequently.  

 

3 Proposed Methodology 

 

3.1 Overview 
 

This paper proposes Energy Optimized Joint Channel Assignment and 

Routing using CSO (EOJCAR-CSO) algorithm for CRAHNs. In the 

proposed routing protocol,some of the SUs are designated as relay nodes 

along the route towards the destination using the CSO algorithm. An 

objective function is derived in terms of interference to PUs, average traffic 

load, packet reception ratio (PRR) and residual energy. So for bette rroute 

establishment, the objective function value is to be maximized.In channel 

assignment scheme, channels with good channel condition are assigned for 

the nodes along the selected route. 
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3.2 System Model 
 

Figure 1 shows the system model of CRAHN. In the system model, a 

CRAHN with M secondary users (SUs) and n Primary Users (Pus), are 

randomly distributed. 

 
Figure 1: Multi-hop CRAHN 

 

3.3 Estimation of Metrics 
 

3.3.1 Interference to PU 
 

The interference (In) to the PUs along the path P from Ni to Nj is given 

by 





n

i
itx

iIn P
1

)( 
                         (1) 

Where, 

Ptxis the transmit power  

αiis the propagation loss given by 

PUZ ii
,  

Where ziis the distance between Ni and PU 

 

3.3.2 Average Traffic Load 
 

The amount of traffic at Ni should satisfy the following condition:  

Let yi be the traffic generated by Ni inunit of time 
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Where
 ji reveals the directed link from Nito Nj 

Wij represents the capacity of link (i,j) 

 

3.3 Packet Reception Ratio (PRR) 
 

It is the period average of the proportion of amount of packages got to 

those diffused. It is a metric of link quality, which is estimated regarding 

estimated transmission time (ETT).  

The ETT for a single link can be obtained by the following equation 

)/(* BWSETXETT                (4) 

Where S is the average packet size  

BW is the present channel bandwidth 

ETX  denotes the Expected transmission count which is the measure oflink 

and path quality given by,  

)*(

1

PP rxtx

ETX 

              (5) 

Where Prtx is the probability of successful packet delivery. 

Prrx  is the probability of successful ACK reception. 

 

3.4 Average Remaining Energy 
 

Let Ei be the energy assigned to each node at the beginning. The energy 

spent by the node after the period t, (E(t)) is assumed by means of subsequent 

equation [6] 

**)( nn rxtx
tE 

              (6) 

Where ntx and nrx denote the count of packages communicated and obtained 

after t. 

and  are constants.  

The remaining energy (RE) of a node at t is calculated as  

)(tERE Ei


               (7) 

The enduring energy proportion of a route is got by abridging the entire 

nodes’enduring energy and splitting it by the amount of transitional nodes 

along the route. 

 NRE iavg
RE/

              (8) 
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3.5 Objective Function 
 

An objective function (OF) is derived in terms of reward and punish 

metrics. The punish metric (PM) consists of Interference to PUs, Number of 

Hops and Average current traffic load. The rewards metric (RM) consists of 

PRR  and average residual energy. 

}min,{max
00
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                       (9) 

 

3.6 Cat Swarm Optimization (CSO) Algorithm 
 

CSO is engendered by detecting the actions of cats. It is comprised of 

dual sub-models, i.e., locatingmanner and pursuingmanner, which model 

upon the deeds of cats. In CSO, primarily, the amount of cats will be obvious 

which is then used to resolve the issues. Each cat has its individual location 

made of M sizes, velocities for every single size, a suitability value, which 

signifies the room of the cat to the suitability function, and a standard to 

recognize whether the cat is in pursuing manner or locating manner. The end 

result would be the finest location among one of the cats because CSO 

retains the finest resolution till it touches the termination of reiterations. 

 

3.6.1 Pursuing Manner 
 

This is used to model the condition of the cat, which is relaxing, glancing 

through and looking for the following location to transfer to. In pursuing 

manner, seeking memory pool (SMP) is utilised to describe the dimension of 

pursuing retention for every single cat, which specifies the points required by 

the cat. The cat would choose a point from the reminiscence group based on 

the rubrics defined later.  

The seeking mode can be described as follows, 

                                 (10) 

If the goal of the fitness function is to find the minimum 

solution, , otherwise . SRD announces the 

mutative ratio for the nominated sizes. In seeking mode, if a measurement is 

chosen to change, the variance amid the novel value and the time worn one 

will not be out of the coverage, which is demarcated by SRD. CDC reveals 

the number of diversesizes. These features are all leaping important shares in 

the following method.  
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3.6.2 Locating Manner 
 

It is used for demonstrating the circumstance of the cat in finding certain 

marks. Once a cat drives into locating manner, it transfers based on to its’ 

individual paces for eachsize. The locating manner can be defined like so, 

 

isthe location of the cat, which possess the finest suitability value; 

 is the location of cat k.  is a persistent and  is a arbitrary value lies 

in [0,1] 

 

3.6.3 Process of CSO Algorithm 
 

As stated earlier, CSO comprises of pursuing manner and the locating 

manner. To pool the two manners into the procedure, describe a mixture ratio 

(MR) of linking pursuing manner collected with locating manner. By 

monitoring the deeds of cat, it is identified that cat applies most of the time 

when they are conscious on relaxing. In this phase, they transfer their 

location prudently and gradually, at times halt in the actual location. One 

way or another, for using this deed into CSO, we utilise pursuing manner to 

signify it. 

The deed of running after objectives of cat is used inlocating manner. 

Hence, MR should be a small charge so as to assure that the cats occupy 

majority of the time in pursuing manner, just like the actua realm.  

The detailed procedure of CSO is described in the following steps: 

Step1: Create N cats in the process, which is used to update the salp 

position  

Step2: Arbitrarily scatter the cats into the M-dimensional resolution 

space and arbitrarily choose values in the range of the supreme rapidity, to 

the speeds of each cat. Then randomly choose amount of cats and fix them 

into locating manner based on MR, and the remaining fix into pursuing 

manner. 

Step3: Appraise the appropriateness value of every cat by using the their 

locations into the suitability function, which signifies the principles of our 

objective, and retain the finest cat into retention. Be particular that we only 

want to recall the location of the finest cat (xbest) since it signifies the finest 

resolution hitherto. 

Step4: If cat k is in pursuing manner, use the cat to the pursuing manner 

procedure, else use it to the locating manner procedure.  

Step5: Re-choose the amount of cats and fix them into locating manner 

based on MR, then fix the remaining cats into pursuing manner. 

Step6: Criss cross the end circumstance, if gratified, dismiss the 

program, else reprise step 3 to step 5.  
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3.7 Rank Based Channel Assignment 
 

In this phase, the channel state and the channel Quality Indicator (CQI) 

are considered for selecting the optimum channel. 

The rank W of i
th
 channel is updated as 

CQIstwW iii
.

                        (12) 

Here, sti represents the channel state  and  is constant in the range of 

{0,1} 

The channels with greater ranks are allocated to the nodes.  If the channel 

is not available, the subsequent channel is considered. Thus by repeating this 

process, all the nodes are allocated with optimum channels.  

 

3.8 Mathematical Modelling 
 

3.8.1 Derivation of Channel Condition Constraint 
 

The channel assignment decision of a link between the nodes Ni and Nj 

at channel u is represented by a binary variable  X
u

ij  . (ie)  

X
u

ij =1, if the channel 𝑢 is assigned, 

  = 0 , otherwise                                                             (13) 

Suppose that  
g

u

ij  represents the propagation path loss between the 

sender Ni to the receiver N𝑗 and 𝑑𝑖𝑗 is the distance between them. Assume the 

path loss gain 𝜇=3. 

During concurrent transmissions, the transmission from node N𝑘 to node 

Nℎ creates interference to the transmission between nodes Ni and N𝑗 on the 

same channel . 

Hence  SINR can be expressed as follows: 

 










 

 
k L

ik kh

u

kh

u

kj

u

ij

u

iju

ij

qgP

qg
S

WQ
max

/
         (14) 

Where 
q

u

kh  represents the path loss between the interfering node 𝑘 and its 

associated receiving node ℎ on the frequency band 
q

u

ij  represents the power 

level between node i and node 𝑗 on channel 𝑢, and 
g

u

ij  represent the path 

loss gain between node i and node 𝑗 on channel 𝑢.  
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To ensure successful reception, the link is considered active only if SINR 

is greater than a predefined threshold value 𝛾 such as, 

1 XS
u

ij

u

ij


            (15) 

 

3.8.2 Derivation of Traffic Load Constraint 
 

According to flow conservation, the incoming flow to a node should be 

equal to its outgoing flow. This constraint is applied for all the relay nodes 

between sender and receiver.  

Hence, the traffic load constraints can be expressed as follows. 

For intermediate relay node, 
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For the sender, 
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4 Simulation Results 
 

4.1 Simulation Setup 
 

The EOJCAR-CSO protocol is implemented in NS2 and it is compared 

to Interference Aware Routing Game (IARG) [14].  The simulation 

parameters are shown in Table 1. The results are presented in the next 

subsection. 
Table 1: Simulation parameters 

Number of Users 25 to 100 

Size of deployment area 500m X 500m 

MAC Protocol IEEE 802.22 

Traffic type Constant Bit Rate 

Data sending rate 250Kb to 1000Kb 

Propagation Model TwoRayGround 

Antenna Type OmniAntenna 

Assigned Energy 10 Joules 

Transmit and Receive 

power 
0.8 and 0.5 Watts 
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4.2 Results & Analysis  
 

4.2.1 Varying the Nodes 
 

The first simulation experiment is conducted by increasing the nodes 

from 25 to 100. 

 

 
Figure 2: Delay for nodes 

 

Figure 2 shows the delay involved in the two schemes for increased 

nodes. As seen from the figure, .thedelay of EOJCARCSO is 31% lesser than 

IARG. 

 
Figure 3: Packet Delivery Ratio (PDR) for nodes 

 

Figure 3 depicts the PDR obtained in the two schemes for increased 

nodes. It can be seen that the PDR of EOJCARCSO is 19% higher than 

IARG. 
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Figure 4: Throughput for nodes 

 

Figure 4 shows the throughput obtained in the two schemes for increased 

nodes . It can be seen that the throughput of EOJCARCSO is 55% higher 

than IARG. 

 

 
Figure 5: Remaining Energy for nodes 

 

Figure 5 presents the Remaining energy obtained in the two schemes for 

increased nodes. It is observed that the remaining energy of EOJCARCSO is 

11% higher than IARG. 

 

4.2.2 Based on Data Rate 
 

The second simulation experiment is conducted by increasing the data 

rate from 25oKb to 1000Kb. 
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Figure 6: Delay for rate 

 

Figure 6 shows the end-to-end delay involved in the two schemes for 

increased rate. As seen from the figure, .the delay of EOJCARCSO is 31% 

lesser than IARG. 

 

 
Figure 7: Packet Delivery Ratio (PDR) for rate 

 

Figure 7 depicts the PDR obtained in the two schemes for increased rate. 

It can be seen that the PDR of EOJCARCSO is 12% higher than IARG. 
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Figure 8: Throughput for  rate 
 

Figure 8 shows the throughput obtained in the two schemes for increased 

rate. It can be seen that the throughput of EOJCARCSO is 66% higher than 

IARG. 

 

 
Figure 9: Remaining Energy for rate 

 

Figure 9 depicts the remaining energy obtained in the two schemes for 

increased rate. It is observed that the remaining of EOJCARCSO is 14% 

greater than IARG. 

 

5 Conclusion 
 

This paper proposes EOJCAR-CSO algorithm in CRAHN. In the 

proposed algorithm, relay node based routing is performed using the CSO 

algorithm. An objective function is derived in terms of interference to PUs, 

average traffic load, packet reception ratio and residual energy.  
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In channel assignment scheme, channels with good channe condition are 

assigned for the nodes along the selected route.. The proposed EOJCAR-

CSO algorithm is compared with the IARG scheme. Results have shown 

thatEOJCAR-CSO achieves higher PDR and remaining with lesser delay. 
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