
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 04, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1054 

 High Energy Efficiency and Spectral Efficiency Analysis in CRN Based 

Spectrum Aggregation 

A.Devi1 K.Jayarajan2 
1P.G. Scholar 2Associate Professor 

1,2Department of Computer Science Engineering 
1,2Selvam College of Technology, Namakkal

Abstract— Scheduling different types of packets, such as real 

time and non-real-time data packets, at sensor nodes with 

resource constraints in Cognitive radio sensor networks 

(CRN) is of vital importance to reduce sensors’ energy 

consumptions and end-to-end data transmission delays. Most 

of the existing packet-scheduling mechanisms of CRN use 

First Come First Served (FCFS), non-preemptive priority and 

preemptive priority scheduling algorithms. Propose a 

Dynamic Multilevel Priority (DMP) packet scheduling 

scheme. In the proposed scheme, each node, except those at 

the last level of the virtual hierarchy in the zone based 

topology of CRN, has three levels of priority queues. Real-

time packets are placed into the highest-priority queue and 

can preempt data packets in other queues. Non-real-time 

packets are placed into two other queues based on a certain 

threshold of their estimated processing time. Leaf nodes have 

two queues for real-time and non-real-time data packets since 

they do not receive data from other nodes and thus, reduce 

end to end delay. We evaluate the performance of the 

proposed DMP packet scheduling scheme through 

simulations for real-time and non-real-time data. Simulation 

results illustrate that the DMP packet planning theme 

outperforms standard schemes in terms of average 

information waiting time and end-to-end delay.  

Key words: Data Transmission Delay, Priority Queue, End to 

End Delay, Multilevel Priority 

I. INTRODUCTION 

Spectrum shortage is one of the essential bottlenecks for the 

advancement of future remote correspondence frameworks. 

Under current range distribution arrangements, the range 

usage effectiveness in authorized range at a specific time and 

area is low. The Federal Communications Commission 

(FCC) gauges the use of relegated range to be somewhere 

around 15% and 85%. To address such wastefulness given 

constrained range accessibility, the FCC has endorsed 

arrangements, for example, deft utilization of authorized 

range, for example, TV white spaces. Such arrangements will 

be in the long run acknowledged through the appropriation of 

Cognitive Radio (CR), innovation, which is imagined to build 

range use through element range access (DSA) method, 

wherein unlicensed (CR) clients shrewdly utilize authorized 

bands when not possessed. Hence, the usage of range can be 

extraordinarily upgraded by sharp correspondence on 

authorized range. 

A. Cognitive Radio Ad-Hoc Networks: 

Cognitive Radio Ad-Hoc Networks (CRAHNs) have pulled 

in much consideration in the exploration group lately. 

Dissimilar to either customary CR systems or impromptu 

systems, CRAHNs give a non-base backing and range 

heterogeneity based remote system which raises one of a kind 

issues and difficulties. Two particular sorts of steering 

conventions have been examined: helpful directing and non-

agreeable directing conventions. An appropriated CR 

steering convention is to indicate the issues of PU collector 

insurance, administration separation in CR courses, and joint 

range course choice.  

 
Fig. 1: 

A helpful steering  convention has been considered 

for accomplishing higher channel limit pick up. Because of 

range heterogeneity attributes, the channel which gives most 

extreme limit is chosen to transmission in each immediate 

connection, and the hub that can give the greatest limit 

increase is chosen as the hand-off hub for helpful steering. 

B. SACRP (Spectrum Aggregation based Cooperative 

Routing Protocol): 

The Existing system is termed as SACRP (Spectrum 

Aggregation based Cooperative Routing Protocol) for 

CRAHNs. The primary commitments is given in three layers. 

We start our exchange with the range collection system for 

CRAHNs. This incorporates the outline of PHY and MAC 

layer expected to total distinctive range groups/channels. 

After this, we propose three diverse range conglomeration 

calculations. The primary calculation minimizes the transmit 

power for CR clients in view of a rate request. The second 

calculation amplifies the total channel limit for a CR client. 

At long last, the third calculation minimizes the end - to-end 

idleness for the CR system. Based on the range total 

calculations, we plan a helpful directing convention, termed 

as SACRP.  

In addition to this system gamming theory has been 

implemented in order to enhance the performance and 

spectral efficiency of the system. Stackle berg gamming 

theory is introduced in order to obtain the effective node with 
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high strength and high data transferring capability. In this 

cooperative routing protocol is implemented to obtain the 

shortest path. This system basically deals with the SU in 

various channels those who get access to the spectrum are 

evaluated among them and the winner node is let to 

communicate with the destination. This system can overcome 

the drawbacks faced by the Priority based system.  

II. SYSTEM ANALYSIS  

A. Stackelberg Gaming Theory: 

The Stackelberg leadership model is a strategic game 

in economics in which the head firm moves first and then the 

follower firms move sequentially. In game theory terms, the 

troupe of this game are a leader and a follower and they 

compete on quantity. The Stackelberg leader is occasionally 

referred to as the Market Leader.There are some further 

constraints upon the sustaining of a Stackelberg equilibrium. 

The leader must recognize ex ante that the follower observes 

its action. The follower must have no means of committing to 

a upcoming non-Stackelberg follower action and the leader 

must know this. Indeed, if the 'follower' could commit to a 

Stackelberg leader battle and the 'leader' knew this, the 

leader's best response would be to play a Stackelberg follower 

action. 

Firms may connect in Stackelberg competition if 

one has some sort of advantage enabling it to move first. 

More usually, the leader must have  commitment power. 

Moving observably first is the most obvious means of 

commitment: once the leader has made its progress, it cannot 

undo it - it is committed to that action. Moving first may be 

possible if the leader was the present monopoly of the 

industry and the follower is a new entrant. Holding excess 

capacity is another means of commitment. 

B. Routing Protocol:  

For the sake of energy efficiency and balance in energy 

consumption among sensor nodes, we envision using a zone-

based routing protocol. In a zone based routing protocol, each 

zone is identified by a zone head (ZH) and nodes follow a 

hierarchical structure, based on the number of hops they are 

distant from the base station (BS). 

For instance, nodes in zones that are one hop and 

two hops away from the BS are considered to be at level 1 

and level 2, respectively. Each zone is also divided into a 

number of small squares in such a way that if a sensor node 

exists in square S1, it covers all neighboring squares. Thus, 

this protocol reduces the probability of having any sensing 

hole in the network even if the neighboring squares of a node 

do not have any sensor node. 

C. TDMA Scheme:  

Task or packet scheduling at each nodal level is performed 

using a TDMA scheme with variable-length timeslots. Data 

are transmitted from the lowest level nodes to BS through the 

nodes of intermediate levels. Thus, nodes at the intermediate 

and upper levels have more tasks and processing 

requirements compared to lower-level nodes. Considering 

this observation, the length of timeslots at the upper-level 

nodes is set to a higher value compared with the timeslot 

length of lower-level nodes. On the other hand, real-time and 

time critical emergency applications should stop intermediate 

nodes from aggregating data since they should be delivered 

to end users with a minimum possible delay. Hence, for real-

time data, the duration of timeslots at different levels is 

almost equal and short. 

This metric ensures that tasks of different priorities 

get carried out with a minimum waiting time at the ready 

queue based on the priority of tasks. For instance, if any lower 

priority task waits for a long period of time for the continuous 

arrival of higher-priority tasks, fairness defines a constraint 

that allows the lower-priority tasks to get processed after a 

certain waiting time. 

D. Priority:  

As discussed earlier, real-time and emergency data should 

have the highest priority. The priority of non-real-time data 

packets is assigned based on the sensed location (i.e., remote 

or local) and the size of the data. The data packets that are 

received by node x from the lower level nodes are given 

higher priority than the data packets sensed at the node x 

itself. However, if it is observed that the lower priority non-

real time local data cannot be transmitted due to the 

continuous arrival of higher priority non-real-time remote 

data, they are preempted to allow low-priority data packets to 

be processed after a certain waiting period. Nevertheless, 

these tasks can be preempted by real-time emergency tasks. 

In case of two same priority data packets the smaller sized 

data packets are given the higher priority. 

III. SYSTEM MODEL 

A. DMP Packet Scheduling Scheme: 

In non-preemptive packet scheduling schemes real-time data 

packets have to wait for completing the transmissions of other 

non-real-time data packets. On the other hand, in preemptive 

priority scheduling, lower-priority data packets can be placed 

into starvation for continuous arrival of higher-priority data. 

In the multilevel queue scheduling algorithm, each node at 

the lowest level has a single task queue considering that it has 

only local data to process. 

However, local data can also be real-time or non-

real time and should be thus processed according to their 

priorities. Otherwise, emergency real-time data traffic may 

experience long queuing delays till they could be processed.  

B. Working Principle:  

Scheduling data packets among several queues of a sensor 

node is presented in Figure 2. Data packets that are sensed at 

a node are scheduled among a number of levels in the ready 

queue. Then, a number of data packets in each level of the 

ready queue are scheduled. For instance, Figure 2 

demonstrates that the data packet, Data1 is scheduled to be 

placed in the first level, Queue1. Then, Data1 and Data3 of 

Queue1 are scheduled to be transmitted based of different 

criteria. The general working principle of the proposed DMP 

scheduling scheme is illustrated in Figure 3. The proposed 

scheduling scheme assumes that nodes are virtually 

organized following a hierarchical structure. Nodes that are 

at the same hop distance from the base station (BS) are 

considered to be located at the same level. Data packets of 

nodes at different levels are processed using the Time-

Division Multiplexing Access (TDMA) scheme. 

https://en.wikipedia.org/wiki/Economics
https://en.wikipedia.org/wiki/Game_theory
https://en.wikipedia.org/wiki/Ex_ante
https://en.wikipedia.org/wiki/Promise
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Fig. 2: Scheduling Data among Multiple Queues. 

For instance, nodes that are located at the lowest 

level and the second lowest level can be allocated timeslots 1 

and 2, respectively. To consider three-level of queues, that is, 

the maximum number of levels in the ready queue of a node 

is three: priority 1 (pr1), priority 2 (pr2), and priority 3 (pr3) 

queues. Real-time data packets go to pr1, the highest priority 

queue, and Proposed dynamic multi-level priority (DMP) 

packet scheduling scheme processed using FCFS. Non-real-

time data packets that arrive from sensor nodes at lower levels 

go to pr2, the second highest priority queue. Finally, non-real 

time data packets that are sensed at a local node go to pr3, the 

lowest priority queue. In the proposed scheme, queue sizes 

differ based on the application requirements. Since 

preemptive priority scheduling incurs overhead due to the 

context storage and switching in resource constraint sensor 

networks, the size of the ready queue for preemptive priority 

schedulers is expected to be smaller than that of the pre-

emptible priority schedulers. The idea behind this is that the 

highest-priority real-time/emergency tasks rarely occur. They 

are thus placed in the preemptive priority task queue (pr1 

queue) and can preempt the currently running tasks. Since 

these processes are small in number, the number of 

preemptions will be a few. On the other hand, non-real-time 

packets that arrive from the sensor nodes at lower level are 

placed in the pre-emptible priority queue (pr2 queue). 

 
Fig. 3: Proposed Dynamic Multi-Level Priority 

 The processing of these data packets can be 

preempted by the highest priority real-time tasks and also 

after a certain time period if tasks at the lower priority pr3 

queue do not get processed due to the continuous arrival of 

higher priority data packets. Real-time packets are usually 

processed in FCFS fashion. Each packet has an ID, which 

consists of two parts, namely level ID and node ID. When 

two equal priority packets arrive at the ready queue at the 

same time, the data packet which is generated at the lower 

level will have higher priority. This phenomenon reduces the 

end-to-end delay of the lower level tasks to reach the BS. For 

two tasks of the same level, the smaller task (i.e., in terms of 

data size) will have higher priority. Moreover, it is expected 

that when a node x senses and receives data from lower-level 

nodes, it is able to process and forward most data within its 

allocated timeslot; hence, the probability that the ready queue 

at a node becomes full and drops packets is low. However, if 

any data remains in the ready queue of node x during its 

allocated timeslot, that data will be transmitted in the next 

allocated timeslot. Timeslots at each level are not fixed. They 

are rather calculated based on the data sensing period, data 

transmission rate, and CPU speed. They are increased as the 

levels progress through BS. However, if there is any real-time 

or emergency response data at a particular level, the time 

required to transmit that data will be short and will not 

increase at the upper levels since there is no data aggregation. 

The remaining time of a timeslot of nodes at a particular level 

will be used to process data packets at other queues. Since the 

probability of having real-time emergency data is low, it is 

expected that this scenario would not degrade the system 

performance. Instead, it may improve the perceived Quality 

of Service (QoS) by delivering real-time data fast. Moreover, 

if any node x at a particular level completes its task before the 

expiration of its allocated timeslot, node x goes to sleep by 

turning its radio off for the sake of energy efficiency.  

C. Pseudo-Code: 

In our proposed DMP packet scheduling scheme, nodes at the 

lowest level,lk, sense, process and transmit data during their 

allocated timeslots, whereas nodes at level lk−1 and upper 

levels receive data in addition to sensing, processing and 

transmitting data. Now, present the pseudo-code of our 

proposed DMP packet scheduling scheme. To consider only 

two levels in the ready queue of sensor nodes that are located 

at the lowest level since these nodes do not receive packets 

from any lower level nodes. Other nodes have three levels in 

the ready queue and place non real time local tasks into pr3 

queue. We also consider that each node requires time to sense 

data packets and also process local and/or remote data 

packets. 
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For instance, t1(k) in the pseudo-code represents the 

real-time data sensing time at a nodei. 

If the processing time of real-time data at nodei is 

less than t1(k) then nodei will have time remaining to process 

non-real-time pr2 data packets. Similarly, if nodei still has 

some remaining time, it can process non-real-time pr3 data 

packets. The pseudo-code also shows that if the pr1 queue is 

empty and pr2 packets are processed α consecutive timeslots, 

the processing of pr2 data packets will be preempted for j 

timeslots. 

IV. EXPERIMENTAL RESULT 

In this section the analysis is performed for the obtained 

Experimental result. As mentioned earlier, in non-preemptive 

packet programming schemes period of time knowledge 

packets have to be compelled to await finishing the 

transmissions of different non-real-time knowledge packets. 

On the opposite hand, in preventative priority programming, 

lower-priority knowledge packets are often placed into 

starvation for continuous arrival of higher-priority 

knowledge. Within the structure queue programming 

algorithmic program, every node at the bottom level contains 

a single task queue considering that it's solely native 

knowledge to method. 

However, native knowledge also can be period of 

time or non-real time and will be so processed in step with 

their priorities. Otherwise, emergency period of time 

knowledge traffic might expertise long queuing delays until 

they might be processed. Thus, propose a Dynamic structure 

Priority (DMP) packet programming theme that ensures a 

trade-off between priority and fairness. During this section, 

gift the regulation of DMP packet programming theme with 

its pseudo-code. 

 
Fig. 2: 

 
Fig. 3: 
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V. CONCLUSION 

Dynamic Multilevel Priority (DMP) packet scheduling 

scheme for Cognitive radio sensor networks(CRNs). The 

scheme uses three-level of priority queues to schedule data 

packets based on their types and priorities. It ensures 

minimum end-to-end data transmission for the highest 

priority data while exhibiting acceptable fairness towards 

lowest-priority data. Experimental results show that the 

proposed DMP packet scheduling scheme has better 

performance than the existing FCFS and Multilevel Queue 

Scheduler in terms of the average task waiting time and end 

to end delay. As enhancements to the proposed DMP scheme, 

we envision assigning task priority based on task deadline 

instead of the shortest task processing time. To reduce 

processing overhead and save bandwidth, we could also 

consider removing tasks with expired deadlines from the 

medium. Furthermore, if a real-time task holds the resources 

for a longer period of time, other tasks need to wait for an 

undefined period time, causing the occurrence of a deadlock. 

This deadlock situation degrades the performance of task 

scheduling schemes in terms of end to end delay. Hence, we 

would deal with the circular wait and preemptive conditions 

to prevent deadlock from occurring. 
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