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 Wireless sensor networks is one of the challenging research oriented field that deals 

with communication of data between virtual and physical world. Delay, reliable 

communication and effective utilization of the resources such as spectrum allocation of 
the sensor nodes plays a major role in the case of a random network. This paper is 

proposed to reduce the end-to-end delay in a random network that ideally increases the 

network efficiency. A joint algorithm of cross layer routing and resource allocation is 
proposed. The raised non linier problems are optimized independently to provide best 

optimal solution using this algorithm. Cognitive radio nodes are employed to share the 

spectrum between the primary and secondary user which eventually reduces the delay 
and enhances the throughput in a random network. Initially nodes check for the 

availability of spectrum before every transmission. Later depending upon the traffic, the 

available spectrum resources provides a guaranteed timely delivery. Channel 
availability and data transmission is based on the queuing theory perspective. Linear 

problems in routing and resource allocation are solved using non-linear integer 

programming. All the sensor nodes deployed are used effectively using hidden terminal 
communication that reaches even the ideal source and destination in a random. On 

comparing it with mesh network it is found to accommodate double the traffic load, 

producing half of the delay compared to that of disjoint methods. This paper is 
segregated into five major sections; the introduction that clearly explains about the 

significance of the cognitive network in this paper, the system architecture that 

elaborates the network model and architecture. The joint routing and resource allocation 

section briefs about the channel, queuing theory, end to end delay and the hidden 

terminal communication method. The latter half of the paper portrays the result that 

compares a mesh network and a typical random network under various parameters. 
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INTRODUCTION 

 

 Cognitive radio aims for the better utilization of 

channel resources by dually providing licensed or 

primary and unlicensed or secondary radio nodes on 

the same bandwidth as stated by Haykin (2005). 

Dynamic spectrum allocation algorithm plays a 

major role in designing of (CR) cognitive radio 

network. The DSA algorithm is designed with a 

significant attention such that it utilizes the available 

spectrum without interrupting the primary nodes. The 

concept of using a cognitive transmitter is to use the 

same bandwidth and time that is used by a licensed/ 

primary link. Devroye et al. (2006) proposed that 

interference is investigated through complex 

assumption techniques for a given primary signal that 

is perfectly given priority before each transmission. 

Akyildiz, and Kasimoglu (2004) mentioned that the 

protocols related to the time spectrum is portrayed 

such that it takes the secondary user into account. 

The channel thus obtains an optimal and suboptimal 

distribution uniquely for every channel that senses 

and accesses the spectrum in a Partially Observable 

Markov Decision Process (POMDP) framework. 

Heavy traffic can be effectively handled in a mesh 

network by using cognitive radio network that 

efficiently employs the spectrum resource utilization 

thus improving the network capacity significantly. 

Since the nodes are designed in a mobile dynamic 

network the resource and spectrum allocation 

algorithms are to be proposed. On demand spectrum 

allocation is based on the location of the sensor 

nodes hence multi-hop path for every node differs at 

different time. Routing and Spectrum management 

plays an important role for delay minimization. 

Depending on the cognitive nodes and devices cross-

layer optimization of data occurs in the spectrum 

while converting mesh network to a random network. 
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Wang and Zheng (2006) states that the Dynamic 

Source Routing (DSR) protocol can be used for end-

to-end data communication. Every nodes path and 

link is estimated and the best throughput with 

minimum delay is usually opted for better 

communication. A feasible and a free channel is 

routed. Shih et al. (2011), took the path estimated on 

the basis of the robustness that intimates the primary 

users channel usage. In the paper of Lee and Choi 

(2008), a path that supports the secondary users is 

given priority which holds its major disadvantage. 

An amazing advantage of using the cross-layer 

optimization is to reduce the amount of spectrum 

resources utilized to handle traffic was reported by 

Bhardwaj et al. (2012). The problem of traffic can be 

solved effectively by considering it as a non linear 

function. Each variable of the non linear function is 

solved and a result is formulated into a sequentially 

fixing algorithm. Thus an optimal solution is 

provided that is almost near to the problem faced by 

the network. 

  

 
 

Fig. 1: An Ideal 6 Node Mesh Network. 

 

 In the paper of Zhao and Yang (2012), AODV 

routing protocol is used to enhance the delay 

minimization in a cognitive network that is arranged 

in a queuing fashion. Li and Hou (2006), portrayed 

that the throughput may be maximized using the 

cross layer spectrum usage and power control. This 

paper focuses on the robustness of the network routes 

that the data packets are usually delivered. This paper 

studies the concept of cognitive radio that supports 

the routing and resource allocation along with the 

cross-layer design in both mesh network and a 

random network. On solving the traffic problems 

with the help of non linear functions, that use the 

sequential algorithms a effective data delivery is 

obtained. In Fig. 1, the 6 nodes mesh network if N1 

is the source and N4 is the destination, there are a lot 

of path that the source node can take to communicate 

with its destination. Direct and indirect paths may be 

taken into account to deliver the packets with good 

quality. A probability to communicate with idle 

nodes may be calculated for each node. These 

probabilities are stored in the routing metric table 

which helps in communication. Suitably an indirect 

route may be not considered in for a reliable 

communication. In a half duplex network, the nodes 

can either transmit or receive data. Hence on 

estimating the probability for direct and indirect 

routes the network maintains high reliability for 

direct link where it maintains high packet delivery 

and throughput. In this paper we try to reduce the 

end-to-end delay by proposing a joint algorithm for 

routing and resource allocation. In order to study the 

delay characteristics queuing method is employed. 

Queuing theory helps us to analyse the amount of 

data a node can tolerate under different data streams. 

The delay may be characterized with the help of 

arrival and service rates of the data sent or received 

in a queue by a node. Cognitive network is employed 

in-order to maintain infinite queue length.  

 Queuing mechanism is responsible for both the 

routing and resource allocation of a particular node. 

Independent optimization gives us a proper sub-

optimal solution whose solution may be saved for 

future joint venture problems. The combined 

problem of data routing and resource allocation may 

be solved using integer valued decision variables. If 

it is a non linear integer problem then assumptions of 

the variables is made to avoid the system from 

complex problems. Thus decision variables impose a 

relaxation integer constrain. With this relaxation 

integer an efficient solution may be found out to 

easily. Finally using the Lagrangian function optimal 

solutions are easily evaluated to have distributed 

solution. In disjoint protocol the routing problem is 

independently solved first, secondly the resource 

allocation routes that eventually reduce the end-to-

end delay. The evaluation is compared with a disjoint 

protocol whose performance is found higher. The 
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network maintains a table that specifies the registered 

or frequently used path or with reference to the 

highest metric value. This table is used as a reference 

for the hops in the network that specifies a dedicated 

delivery with reduced delay within the system. Since 

the primary idle resources are given first preference.  

 

System Architecture: 

Network and Architecture Model: 

 A random network model based on cognitive 

radio is depicted in Fig. 2. The cognitive radio nodes 

are structured to maintain a mesh network system 

that communicates even if the mesh network changes 

into a random network. This is made possible with 

the help of the coverage area of the cognitive primary 

and secondary nodes. The mesh network is modelled 

to have equal bandwidth for every non overlapping 

primary links. The transmission is generally a time 

slotted one. Now each cognitive node that has set of 

random nodes within its coverage area is set for 

transmission. The major aim of employing a 

cognitive network node is to transmit packets using 

ideal channels. Spectrum availability may be found 

out using local techniques such as TDMA or FDMA 

for channel access opportunistically. Every 

transmission has an equal amount of energy loss. 

 

 
 

Fig. 2: Network Model. 

 

 
 

Fig. 3: System Architecture Diagram. 

 

 Hence each transmission is divided into fixed 

time slots of equal duration, which is then grouped as 

frames with respect to that of the time slots. For 

every equal time slot, the node checks for the 

available channel to transmit the data acquired. The 

primary network nodes have transmissions that are 
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slotted, therefore when the cognitive network 

customizes the time slots to match the primary 

network as agreed by Perrig et al. (2000). Resource 

allocation may be done by pairing the time slot for a 

particular channel. Initially the cognitive node senses 

a time slot for each channel transmission. The 

channel can readily transmit the data if it is idle. The 

packet is sent along its destination route using the 

header queue information. On the other hand if the 

channel is busy then the node waits for the time slot 

allotment and keeps sensing for an idle channel.  

 After every successful transmission the 

cognitive node (transmitter) will receive an 

acknowledgement form the destination regarding the 

delivery of packets. Since the power consumption is 

the same for any cognitive node the transmission 

range will also remain the same. There is always a 

change only in the time slot due to the primary 

node‟s time allotment and the channel acquisition. 

Thus the network becomes time dependent or time 

variant that boosts up the challenge for the joint 

routing and resource allocation in a random network.  

 The protocol is also designed to minimize the 

packet loss by considering the following cases 

a) Interference between two nodes and  

b) Simultaneous transmission.  

 The architecture diagram in Figure.3 helps the 

source node to expand its communication range by 

transmitting it to the cognitive radio which gives 

preference for the communication of data to both 

primary and secondary users. This helps our random 

network to enlarge its communication range thus 

covering all the sensor nodes in a de-centralized 

network. 

 

Joint routing and resource allocation: 

Channel: 

 On modelling a wireless communication channel 

the source and destination must consider the 

following issues  

a) Rayleigh flat fading of the channel  

b) Additive white Gaussian noise of the channel.  

 Success and failure of packet reception is purely 

based on the above considerations. Fading occurs as 

the distance of transmission increases which 

eventually increases the probability of noise within 

the data packets. Channel probability calculation is 

explained in Trullols-Cruces et al. (2011). The 

cognitive radio employed in this paper has the 

storage capability that has a fixed size. Since our 

network is a random network we cannot 

accommodate with fixed buffers. It is best suitable 

for a unicast network having single packet.  

 Problem occurs even if an acknowledgement is 

to be sent to the source. Our network being random 

should support multiple data, thus the arrival of 

packets should be handled in an independent fashion 

for different data streams such that it can support the 

traffic flow within the network. 

 

 
 

Fig. 4: Markov‟s Chain Model. 

 

Queuing: 

 We use Markovian chain model for the primary 

nodes, to model it into two different states such as  

a) Ideal state   

b) Busy state 

 In Figure 3 ideal state is represented as the „t‟ 

and busy time as „1-t‟. Identification of the model 

depends upon the following conditions: 

a) Every node in the network (primary or 

cognitive) has to follow a time slotted transmission 

structure. 

b) Spectral availability and sensing is perfectly 

done by the cognitive nodes. 

c) All the assigned cognitive nodes use the same 

fixed power for transmission 

d) Only one channel can be used by the cognitive 

node for packet transmission. 

 The major importance of employing this project 

is to reduce the end-to-end delay using the joint 

routing and resource allocation protocol. In order to 

employ a best protocol the selected routed path 

should have the resource allocated along the path 

towards the destination. Thus QoS may be obtained. 

An independent resolving of both routing and 

resource allocation mechanism may be analysed to 

give best delivery rate with QoS. Depending on the 

arrival and service rate the end-to-end delay may be 

framed out for each node and an independent 

problem formation for resource and routing is carried 

out to provide linear suboptimal solution. Cross layer 
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optimization may be employed for the mesh network 

to easily convert into a random network.  

 

End-To-End Delay: 

 Delay may be found out for node in the network 

using the arrival and service rate having discrete time 

model queue. Packets may be transmitted with 

certain amount of delay that may be incurred by the 

use of spectrum allocation. The result calculation 

based on the analytical system is about 10% - 15% 

 

Hidden Terminal Communication: 

 The hidden terminal communication is a 

regressive algorithm that deals with the initialization 

of a sensor node by finding out once priority using 

a) Space and  

b) Partial Buffer Sharing.  

 The space finds out the location of the sensor 

node by accessing the data of the neighbouring 

sensor nodes within its accessing range. The partial 

buffering in this context measures the distance of the 

neighbouring node and calculates the distance 

between them for a reliable packet transmission. The 

node selection for transmission depends on the 

distance of the neighbouring node. Thus the 

communication between the source and destination 

may be made with the number of hops that are either 

mentioned in the metric table or not.

 

 
 

Fig. 5: Hidden Terminal Communication. 

 

 
 

Fig. 6: Comparison of Delay between Mesh Network and Random Network. 

 

RESULTS AND DISCUSSIONS 

 

 On considering a random network of about 40 

nodes we have estimated the delay, packet loss, 

throughput, channel measurement, and packet 

delivery under different traffic streams. The outputs 

are compared with the mesh networks estimated 

output. Thus under multiple traffic stream with 3 

different sources and destinations the protocol was 

estimated for both the mesh and random network. 

Since our challenge is to execute this protocol in a 

random network that solves the routing and resource 

allocation problems that was faced by both the 

networks with reduced delay using cognitive radio 

nodes, cross layer optimization technique and DORP 

the end-to-end delay was successfully acquired to 
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have much less comparatively. DORP protocol 

manages the average delay yet it does not consider 

the queuing methods output. The advantage of this 

paper is that it supports all the 3 types of data streams 

that a disjoint or mesh network could not tolerate. 

 

 
 

Fig. 7: Comparison of Delay Packet Loss between Existing and Proposed Network 

 

 
 

Fig. 8: Throughput in Mesh Network Vs Random Network. 

 

 
 

Fig. 9: Output of Channel Measurement for a Heavily Traffic Loaded Network. 
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Fig. 10: Comparison of Packet Delivery. 

 

 
 

Fig. 11: Communication Protocol Throughput. 

 

Conclusions: 

 This paper uses the cognitive radio schemes to 

reduce the delay in a joint routing and resource 

allocation for a random network. A cross-layer 

design is employed for the conversion of mesh 

network to a random network without any 

transportation or network problem. In figure 6 delay 

comparison is made between the DORP protocol and 

the normal mesh network, while using this DORP 

protocol in a random manner gives reduced delay, in 

figure 7 while considering the data packet loss which 

is high in mesh network and is minimized in DORP, 

then in figure 7 and 8 it gives maximum amount of 

throughput and channel measurement. Hence finally 

minimum end to end delay is been reduced. 

Therefore results have been concluded by the 

efficiency of the proposed decentralization scheme 

and its ability to withstand to varying network loads. 

Idle probabilities of users on the admissible number 

of traffic streams as well as the maximum admissible 

arrival rates So, the performance gain of the cross-

layer design are compared with disjoint designs 

which clearly shows that the proposed method can 

accommodate higher traffic load, and can achieve 

lower delay. In figure 10, 11 and 12 states the 

comparison of protocol throughput, source frequency 

and packet delivery for efficient delay minimization 

of the network.  
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Fig. 12: Source Frequency for Various Nodes. 
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