
Australian Journal of Basic and Applied Sciences, 7(12) Oct 2013, Pages: 138-150 

 

AENSI Journals 

Australian Journal of Basic and Applied Sciences  

 

Journal home page: www.ajbasweb.com 

 

 

Corresponding Author: J.A. Abolarinwa, UTM-MIMOS Center of Excellence  Lab., Faculty of Electrical  Engineering, 

Universiti Teknologi Malaysia , Johor, 81310 Malaysia 

  E-mail: abolarinwajoshua@yahoo.co.ukf  

Energy Constrained Packet Size Optimization for Cluster-based Cognitive Radio-based 

Wireless Sensor Networks 
 

J.A. Abolarinwa, N.M. Abdul latiff, S.K. Syed Yusof 

 
UTM-MIMOS Center of Excellence  Lab., Faculty of Electrical  Engineering, Universiti Teknologi Malaysia, Johor, 81310 Malaysia 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  23 September 2013 

Received in revised form 19 

November 2013 

Accepted 24 November 2013 

Available online 4 December2013 

 

Key words: 

Cognitive, Radio, Sensor, Packet-

size, Energy-Efficiency, Cluster 

 The increased deployment of WSN using the unlicensed spectrum band-Industrial 

Scientific and Medical (ISM) has led to the increasing demand for communication 

channel within the ISM band due to over-crowding. This resulted in the cognitive 

radio (CR) paradigm. Critical issue in cognitive radio-based wireless sensor 

networks is the need to minimize energy consumption without undermining the 

quality of service (QoS) provisioning of the network in terms of data reliability. In 

this paper, we investigate packet size in an energy constrained cognitive radio-based 

wireless sensor network. From the network model characteristics and analysis, we 

found among other things that, packet size affects not only the energy efficiency of a 

CR sensor network, it also affect bit error rate, packet acceptance rate, energy-

throughput. We have also found that varying network parameters such as data rate, 

and distance between communicating node can significantly affect the energy 

efficiency of the network. From simulation results, we also noticed that there is an 

optimum packet size needed to maintain the energy efficiency at the maximum 

level.  
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INTRODUCTION 

 

 Radio frequency spectrum is considered the most expensive and scarce resource among all wireless network 

resources, and it is closely followed by power or energy especially in low energy, battery powered wireless 

network devices. However, it has been observed that the scarcity of the frequency spectrum is mainly due to the 

present static spectrum assignment policy.  

 Research in the area of wireless sensor network (WSN) has been on for quite some time, motivated by 

different applications. WSN consists of sensor nodes, which primarily perform the function of monitoring 

physical quantities in a given environment within which they are deployed. It is a self-organising ad hoc 

network, which comprises of several number of sensor nodes uniformly or randomly distributed within a given 

area (Yau, Komisarczuk et al. 2009). WSN operates within the unlicensed band of the radio frequency 

spectrum. One of such available band is the 2.4GHz band. Other wireless applications sharing this band include, 

Wi-Fi, bluetooth, cordless microphone, microwave oven etc. With the increasing deployment of other wireless 

applications in the unlicensed band, it is evident that the band has become crowded, and this is impacting 

negatively on the general performance of WSN in this band, especially in a densely populated area where 

communication traffic density is high. 

 However, there is a new paradigm in spectrum utilization both in the licensed and unlicensed spectrum 

bands brought about by the advent of Cognitive Radio (CR) technology first coined by J. Mitolla (Mitola and 

Maguire 1999). Haykin, in (Haykin 2005), defined CR as a radio capable of being aware of its surrounding, 

learns and adaptively changing its operating parameters in real time with the objective of providing reliable, 

ubiquitous spectrally and energy efficient communication. There are four key features of CR; awareness, 

reconfigurability, intelligence and adaptive behaviour. With these four features, static spectrum allocation and 

utilization will give way to dynamic spectrum access (DSA) and efficient spectrum utilization (Wyglinski, 

Nekovee et al. 2010). With dynamic spectrum access, an unlicensed user (regarded as secondary user (SU)) can 

opportunistically use the licensed band of another user (regarded as primary user (PU)) while the PU is not 

currently using the channel (Senhua, Xin et al. 2008).  

 A cognitive radio-based wireless sensor network (CRWSN) is a multichannel wireless network in which the 

secondary user sensor nodes dynamically adapt itself to the available communication channel based on the 
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aware-context of its radio environment (Akan, Karli et al. 2009). In a multichannel network of this nature, SUs 

equipped with CR transceiver have to sense the channels sequentially  or in parallels to determine which channel 

is free for them to access (Cavalcanti, Das et al. 2008). Therefore, it is imperative to have effective channel 

exploration and exploitation in order to enhance resources utilization and quality of service in the network.  

 Channel exploration refers to the act of secondary user scanning or sensing for channel unoccupied by 

primary user, while channel exploitation on the other hand refers to how efficient a secondary user can access 

and utilize a free channel(Lifeng, El-Gamal et al. 2011).  

 There are several on going research works in the area of effective dynamic spectrum sensing techniques that 

can be used in CRWSN such as (Jeong Ae, Wha Sook et al. 2011), (M. T. Masonta 2009), and (Wang, Yue et 

al. 2012). However, less attention is given to the importance of packet size optimization in energy constrained 

cluster-based cognitive radio wireless sensor networks. Spectrum exploration  and channel switching (i.e, 

spectrum handoff) from one occupied channel to another is energy demanding, hence it leads to quick depletion 

of battery life of the CRWSN nodes, which in turn reduce the entire network lifetime and network performance 

in terms of network availability, data reliability and throughput. Power consumption due to sensing and decision 

processes in cognitive radio tend to be the bane of this new spectrum utilization paradigm especially in a CR 

network(Kamruzzaman, Hamid et al. 2010).  

 (Jian-guang, Zun-wen et al. 2010) and (Yi, Hua et al. 2010) focused on the cognitive radio sensor network 

technology analysis in terms of architecture and technology. Issues of spectrum sensing in terms of energy 

efficiency and sensing time were studied in (You, Yunzhou et al. 2009) and (Won-Yeol and Akyildiz 2008). In 

(Sankarasubramaniam, Akyildiz et al. 2003) packet size was first studied in relation to energy efficiency in 

traditional sensor network. However, (Oto and Akan 2012) extended part of the work in (Sankarasubramaniam, 

Akyildiz et al. 2003) to include CR sensor network. Energy efficiency in traditional sensor network was of 

importance to (Shih, Cho et al. 2001) without any consideration for packet size. In (Chee-Yee and Kumar 2003), 

evolution of sensor network was studied. However, in this paper, we look at the effect of packet size on different 

performance metrics such as energy consumption, BER, throughput, and packet acceptance rate or data 

reliability. We propose energy efficient optimal packet size for a cluster-based cognitive radio wireless sensor 

network. We investigate packet size under energy constrained hierarchical cluster-based cognitive radio wireless 

sensor networks. We propose optimal packet size that is energy efficient in a cluster-based cognitive radio 

wireless sensor network. Energy consumption, efficient packet transmission, interference mitigation to primary 

user, and reliable event detection are considered in relation to packet size in the network. 

 From this point forward, CR or SU are used inter-changeably and they refer to the sensor nodes 

communicating in a cluster of a cognitive radio based wireless sensor network. The rest of this paper is 

organized under the following subheadings, network model and structure, PU activity model, energy 

consumption analysis, cluster-based channel state activity, analysis of the probability of the channel state, packet 

size optimization based on energy efficiency, performance analysis and conclusion of the paper. 

 

Crwsn Model and Node Structure: 

 A cluster-based, multi-channel CRWSN is considered in this paper. In each cluster, there is a cluster head 

(CH), several cluster member nodes (MN) which are assumed static or with negligible mobility within their 

cluster range. This is illustrated in Figure 1. 
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MN CH DC PU1TX PU2AP PU1RX PU2RX

SU NETWORK PU NETWORK

MN = Member Node
CH = Cluster Head
DC = Data Center
PU1TX = Primary User1 Transmitter
PU1RX = Primary User1 Receiver
PU2AP = Primary User2 Access Point
PU2RX = Primary User2 Receiver
SU = Secondary User
PU = Primary User

 
Fig. 1: Cluster-based Cognitive Radio-based Wireless Sensor Network Model. 

 The CH is endowed with cognitive radio capabilities of spectrum sensing and channel allocation among 

member nodes within its cluster. In order to control information exchange for channel  allocation and 

connectivity within the network, local common control channel (LCCC) is introduced. In each cluster, there are 

C number of channels and only one LCCC. Channel access in the network is based on channel availability. 

Based on the sensing outcome and decision of the CH, a particular MN can transmit its data packet to the CH in 

a given channel, which in turn send to the sink or data center. 

 The primary user network, which could be static or mobile exists within the same communication space of 

the secondary user cognitive radio-based wireless sensor network. The CH of the CRWSN tracks the activity of 

the PU in each channel in a periodic manner. By this, the CH can keep record of the channel occupancy status 

(COS) within a given time slot. 

 We considered channel access for communication within a cluster, that is, between the cluster head and the 

member nodes, and energy consumption during packet transmission from the MN to the CH in a cluster.  

 Figure 2 shows a CRWSN that operates on per frame basis, that is, time-slotted system. Each frame is 

divided into two time slots which are, sensing and transmission slots. The sensing slot involves spectrum 

exploration and decision making by the cognitive radio secondary user CH and the transmission slot deals with 

exploitation or packet transmission by the CR secondary users. 

 

 
 

Fig. 2: CRWSN frame structure. 

 

 Figure 3 depicts the transmission of a packet of data by the SU network within a particular cluster. In 

accordance with the frame structure in Figure 2, within the sensing slot, the CH senses the entire channel to 

obtain channel availability status in a sequential sensing manner. The LCCC is meant for control signals within 

the cluster. Depending on the outcome of the sensing state by the CH, the CH of the CRWSN at the decision 

state proceed to one of the following states, transmit/receive state or handoff state. 
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 As a result of radio frequency (RF) front-end hardware limitation and energy constrain nature of sensor 

networks, energy detection spectrum sensing is considered. With energy detection spectrum sensing technique, 

prior knowledge of the primary user activity is not required. Hence, the CH does not have to keep statistical 

record of the primary user activity which is random in nature. 

 

Modeling of Primary User Activity: 

 The primary user (PU) activities is modeled as a two-state, time-homogenous discrete Markov process 

(Wang, Yue et al. 2012). This model was chosen in order to investigate the dependence of the present state on 

the previous state. The two-state Markov process is shown in Figure 4. We considered a spectrum band 

consisting of C number of channels each having different bandwidth BWc (c =1,2,3........C). The PU activity in 

each of the channel can either be occupied state (that is, 0 or busy, or ON state) or available state (that is, 1 or 

idle or OFF state) at any given time. When the PU occupies a channel, the channel is not available for the CR 

user to transmit. Otherwise, the CR user transmit within the available channel assuming that other channel 

conditions such as fading and noise are favourable for packet transmission. 

 If the channel occupancy of  PU at a given time slot in a given channel c is given as; 

 

Sc(t)  ∈ {0 (Occupied), 1(Available)}                              (1) 

 

The channel occupancy state COS is; 

 

S(t) :⇔ [c1(t),.........cc(t)]                     (2) 

 

The state space of the Markov chain is given as; 

 

S :⇔ {0, 1}C                       (3) 

 

The transition probabilities is given as; 

 

PS(sl | s) :⇔ Pr {S(t) = sl | S(t-1) = s},    s, sl ∈ s                  (4)    

 

 Where S represents channel state. Equation (4) describes the conditional probability of the two possible 

states of a channel or the event of channel being in one state provided the previous state has occurred. This is 

depicted clearly in Figure 4.  
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Fig. 3: General Packet Transmission in CRWSN including Sensing, Access, and Channel Switching. 

 

For a given channel i, the transition probabilities of the PU activity can be written as;  

pi = the probability that the channel will be occupied by the PU in the next slot provided the channel is available 

in the present slot. This is a conditional probability stated in (4). 

qi = probability that the channel will be available in the next slot provided it is occupied by PU in the current 

slot. 

 The CH estimates the transition probabilities and makes a decision of the channel access based on the 

available channel for each MN to transmit its packet. 

 We assume the maximum a-posteriori (MAP)-based energy detection spectrum sensing proposed by 

(Senhua, Xin et al. 2008) which were adopted in (Oto and Akan 2012) based on the PU activity. Without loss of 

generality, the PU traffic is assumed to be exponentially distributed, random inter-arrival and it follows Poisson 

arrival process since each user arrival is independent. The PU occupancy of the channel is an exponential 

random duration p. This corresponds to an ON state when the channel is busy. Let the OFF state be the random 

duration of q for which the PU is not occupying the channel. The probabilities of PU channel occupancy and PU 

absence means Probabilities of ON and OFF respectively. These probabilities are derived as; 
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Fig. 4: Two-state Markov Model for PU Activities. 

 

𝑃𝑂𝑁 =
𝑝

𝑝+𝑞
                      (5) 

 

𝑃𝑂𝐹𝐹 =
𝑞

𝑝+𝑞
                                                                                                                (6) 

  

 According to energy detection spectrum sensing, the probability of detection PD, and probability of false 

alarm PFA, as in terms of Q-function are expressed as in [17] and [18]; 

 

𝑃𝐷 𝐵𝑊, 𝑡𝐼 ,𝑃𝑂𝑁 = 𝑃𝑂𝑁𝑄 
𝜆−2𝑡𝐼𝐵𝑊 𝜎𝑠

2+𝜎𝑛
2 

 4𝑡𝐼𝐵𝑊 𝜎𝑠
4+𝜎𝑛

4 

                                                  (7) 

          

𝑃𝐹𝐴 𝐵𝑊, 𝑡𝐼 ,𝑃𝑂𝐹𝐹 = 𝑃𝑂𝐹𝐹𝑄 
𝜆−2𝑡𝐼𝐵𝑊𝜎𝑛

2

 4𝑡𝐼𝐵𝑊𝜎𝑛
4
                                                                          (8) 

 

 Where λ is the threshold decision value of energy detection, 𝜎𝑛
2 and 𝜎𝑠

2 are noise and primary signal 

variances, BW is the channel bandwidth, and t1 is the sensing time of the SU. It could be seen that probability of 

detection and probability of false alarm are function of probability of ON channel state and probability of OFF 

channel state respectively. Both PD and PFA also depend on the sensing time and channel bandwidth. 

  

Energy Consumption Analysis: 

 The energy consumption requirements of CRWSN are categorized into two;  

i. Energy consumption prior to cognitive radio activity. 

ii. Energy consumption due to cognitive radio activity.  

 Prior to cognitive activity, CRWSN can be in one of the following modes, total sleep mode, observing 

mode, monitor mode, and ready mode. In each of this mode, there is associated energy consumed. During the 

cognitive radio operation period, energy consumption comprises of energy consumed during spectrum sensing, 

channel decision, channel switching (or handoff), transmit, and receive modes. Figure 5 shows the energy 

consumption tree of CRWSN. Table 1 also shows various modes during non-cognitive operation of the node 

depending on the status of the various processing and memory components of the node. The energy 

consumption prior to cognitive radio activity is given as;  

 

𝐸𝑁𝑜𝑛𝐶𝑜𝑔 =  𝐸𝑅𝑒 + 𝐸𝑀 + 𝐸𝑂𝑏 + 𝐸𝑇𝑆                                                                                             (9) 

 

 Where 𝐸𝑅𝑒  is the energy consumed when the node is in ready to receive packet from a neighbor node, the 

energy consumption attributed to the sensor node in the monitoring state is denoted as𝐸𝑀 . Nodes could also be 

in the observe 𝐸𝑂𝑏  state, which is a state at which event signal can be detected, but without packet transmission 

or reception. Total sleep state denoted as 𝐸𝑇𝑆  is a state at which the sensor network is completely off. Hence, we 

assume 𝐸𝑇𝑆   to be negligible with zero value. During the cognitive radio activity cycle, the energy consumption 

can be determined as follows; 

 

𝐸𝐶𝑜𝑔 =  𝐸𝑆𝑆 + 𝐸𝑆𝐷 + 𝐸𝐶𝑆                                                                                                             (10) 

 Where, 𝐸𝑆𝑆  is the energy due to spectrum sensing, 𝐸𝑆𝐷  is energy due to spectrum decision, 𝐸𝐶𝑆  is energy 

due to channel switching or what is also known as spectrum handoff. 𝐸𝑇𝑟  denote energy consumption in the 

transmit state when transmission occur, and 𝐸𝑅𝑣  is the energy consumption due to reception of transmitted 

packet. For each of the state in both the non-cognitive and cognitive operation, time interval can be defined 
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corresponding to the duration of each state operation. Also, transition times between operations and power 

consumption have been theoretically analyzed according to (Oto and Akan 2012).  

 

 
 

Fig. 5: CRWSN Energy Consumption Tree. 

 
Table 1: Non-cognitive and Cognitive Cycle Energy Description for the CR Sensor Node. 

Mode/Mode  Energy Processor Sensor, A/D Transceiver Operation 

Cognitive ETr/ERV Active Active Tx/Rx 

Ready           (𝐸𝑅𝑒) idle sense Rx 

Monitor        (𝐸𝑀) sleep sense Rx 

Observe       (𝐸𝑂𝑏 ) sleep sense Off 

Total Sleep   (𝐸𝑇𝑆) sleep off Off 

 

 The energy required to transfer a packet from a CRWSN node to another is the summation of transmitting 

and receiving energy. This is also regarded as packet communication energy, which is denoted as 𝐸𝐶𝑜𝑚 .  

 

𝐸𝐶𝑜𝑚 = 𝐸𝑇𝑥 + 𝐸𝑅𝑥                                                                                                                         (11) 

 

 𝐸𝑇𝑥  𝑎𝑛𝑑 𝐸𝑅𝑥  are energy consumption for transmission and reception of a packet respectively. Considering 

the receiving part, node which is at the ready mode directly switch to the receive mode to accept transmitted 

data. At the transmitting part, the node observing a physical event moves from ready state to sensing state of the 

cognition period. The process of spectrum sensing, decision and channel switching follows one after another. 

The behavior of PU affects energy consumption in CRWSN. This is a major difference between the traditional 

wireless sensor networks and cognitive radio based sensor networks. 

 The energy consumption during transmission includes 𝐸𝑆𝑆 , 𝐸𝑆𝐷 , 𝐸𝐶𝑆  𝑎𝑛𝑑 𝐸𝑇𝑟  while that of reception is 

𝐸𝑅𝑣 . Therefore,  

 

𝐸𝐶𝑜𝑚 = 𝐸𝑆𝑆 + 𝐸𝑆𝐷 + 𝐸𝐶𝑆 + 𝐸𝑇𝑟 + 𝐸𝑅𝑣                                                                                     (12) 

 

 𝐸𝑆𝑆 , 𝐸𝑆𝐷 , 𝐸𝐶𝑆 ,  𝐸𝑇𝑟  𝑎𝑛𝑑 𝐸𝑅𝑣  represents the energy consumption during spectrum sensing operation, energy 

consumption during spectrum or channel decision, energy consumption during channel switching or spectrum 

handoff, energy consumption during transmit and energy consumption during receive mode respectively. All 

these operations take place during the cognitive radio activity of the CH of the SU. 

 

Cluster-Based Channel States under Opportunistic Channel Access: 

 In order to avoid collision among SU nodes, no two MN nodes communicate using the same available 

channel. The CH manages and controls the network such that collision between two CR nodes does not occur. 

As illustrated in Figure 6, there are five possible channels states. The states are detection, misdetection, false 

alarm, collision and success state. This is quite different from what was proposed in (Senhua, Xin et al. 2008) 

where six states were proposed. The sixth state introduced is coexistence state between two CR nodes. But, we 

opined in this paper that including a channel state with coexistence of SU nodes  will waste energy as a result of 

collision which result in packet loss, packet error and packet retransmission. All of these effects are energy 

inefficient. Hence, coexistence state is not considered in this paper. We describe each state as shown in Figure 6. 
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Fig. 6: Channel States for CRWSN under Dynamic Spectrum Access. 

 

 Detection Channel State: PU activities are detected in this state as the SU senses the channels for white 

space or spectrum hole. Upon detecting the presence of a PU, the CR SU heads for another channel during the 

next sensing slot. 

 Misdetection Channel State: This is a tricky channel state in which the CR SU misses the presence of the 

PU in the channel and starts to transmit. The CR SU erroneously concludes that the channel is free of PU 

activity, whereas, the PU is adequately present and transmitting. Under this condition, there is bound to be 

collision between the two different transmissions. This has adverse effect on the BER and in turn leads to loss of 

packet as the BER of the SU increases. 

 Collision Channel State: This is another tricky channel state in which after the CR SU had sensed a channel 

to be available, it then decided to transmit in the channel within its transmission period. But, as the CR SU 

begins transmission, the PU also begins to transmit. Since during transmission slot of SU, it does not carry out 

sensing any more, it is not possible for the CR SU to detect sudden appearance of the PU until collision begins 

between both networks. 

 False Alarm Channel State: The CR CH erroneously broadcast to MN that the channel is busy with primary 

user activity whereas the channel is free. This is like the opposite of what happens in the case of misdetection 

state. 

 Success Channel State: This is the state in which the CRWSN achieves reliable communication and packet 

transmission that is error limited. This is the state in which the PU is completely absent throughout the 

transmission period of the CR SU. It could be said that the other four states impact on what becomes of the 

success state. Alteration of factors affecting these other states will definitely affect the success channel state 

directly as well. 

 

Probabilities of Channel State and BER Analysis: 

 There are two possible outcome of sensing by the SU when the PU is actually occupying the channel. It is 

either the PU is detected or is misdetected. It therefore implies that, the probability that the PU is ON, which 

means, the probability that the channel is busy with primary user activity is the summation of the probability of 

detection and of misdetection. The PU must actually be occupying the channel in the event of these two states. 

As shown in Figure 6, let 𝑃1,𝑃2,𝑃3 ,𝑃4 ,𝑎𝑛𝑑 𝑃5 represent the probability of each channel state accordingly.  

Therefore, the probability of ON state can be written as; 

 

𝑃𝑂𝑁 = 𝑃1 + 𝑃2                                                                                                                                 (13) 

 

 Putting (13) in (7) and solving for 𝑃2, where 𝑃2 is the same as the probability of misdetection state, which is 

denoted as𝑃𝑀𝐷 , 
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𝑃𝑀𝐷 𝐵𝑊, 𝑡𝐼 ,𝑃𝑂𝑁 = 𝑃𝑂𝑁𝑄 
2𝑡𝐼𝐵𝑊 𝜎𝑠

2+𝜎𝑛
2 −𝜆

 4𝑡𝐼𝐵𝑊 𝜎𝑠
4+𝜎𝑛

4 

                                                            (14) 

 

 A particular channel can only be in OFF state when the PU is not occupying the channel as at the time of 

sensing by the SU. From figure 6, this only occurs in states 3 to 5. Therefore, probability of OFF channel state is 

the summation of the probabilities of states 3, 4 and 5, which are denoted as, 𝑃3 ,𝑃4 ,𝑎𝑛𝑑 𝑃5.  

 

𝑃𝑂𝐹𝐹 = 𝑃3 + 𝑃4 + 𝑃5                                                                                                                    (15) 

 

 𝑃3 is the same as the probability of false detection. This has been determined in (8) as 𝑃𝐹𝐴 . 𝑃4𝑎𝑛𝑑 𝑃5 are 

dependent on the packet size, L. At every decision time, the number of available channels is calculated as 𝐶𝑃𝑂𝐹𝐹  

by the SU, where 𝐶 is the number of channels. Based on (Cavalcanti, Das et al. 2008), the transmit/receive time 

which is denoted as 𝑡2 as shown in figure 2 is given as 𝑡2 = 𝐿
𝑅 . Where L is the fixed packet size and R is data 

rate. If the probability of failure is given as 𝑃𝑓𝑎𝑖𝑙𝑢𝑟𝑒 = 1 − 𝑒
−
𝐿
𝑅𝑝  and the probability of success is given as 

𝑃𝑠𝑢𝑐𝑐𝑒𝑠𝑠 = 𝑒
−
𝐿
𝑅𝑞 , the probability of 𝑃4𝑎𝑛𝑑 𝑃5 can be determined as follows; 

 

𝑃4 𝐿 = 1− 𝑒
−
𝐿
𝑅𝑝   𝑃𝑂𝐹𝐹 − 𝑃3                                                                                                      (16) 

 

𝑃5 𝐿 = 𝑒
−
𝐿
𝑅𝑞   𝑃𝑂𝐹𝐹 − 𝑃3                                                                                                              (17) 

 

Energy Efficient Packet Size Optimization: 

 Longer packets experience higher loss rates, while short packets suffer from more overhead. This is the 

reason for packet size optimization in wireless networks (Haykin 2005). However, the energy consumption of 

start-up transients can be of importance in the context of energy constrained sensor nodes. This must be taken into 

account while calculating the optimal packet size for data communication in CRWSN. In order to determine 

suitable energy efficiency metric, two radio parameters need be defined. From Figure 7, the two radio parameters 

are 𝑘𝑎  and 𝑘𝑏 . 𝑘𝑎  is said to be the useful energy in the communication of an information bit and 𝑘𝑏  is the startup 

energy consumption or the energy consumption before the actual transmission. 

 

 
Fig. 7: Energy Channel Idea to Illustrate Energy Efficiency Metric. 

 

The energy efficiency as a function of packet size is formulated as; 

 

𝐸𝐸𝐹𝐹 𝐿 = 𝐸𝑒𝑓𝑓 𝑟                                                                                                                           (18) 

 

 Where, 𝐸𝑒𝑓𝑓 (𝐿) =
𝑘𝑎 (𝐿)

𝑘𝑎  𝐿 +𝑘𝑏𝑅
 is the energy-throughput measurement, and 𝑟 = 1− 𝑃𝐸𝑅 is the packet 

acceptance rate or data reliability as applied in (Sankarasubramaniam, Akyildiz et al. 2003). PER is the packet 

error rate. It is worth noting that the energy efficiency applies to communication between a MN and the CH. 

 We have chosen this efficiency metric based on the energy channel in Figure 7. The energy input in the 

communication of a single data packet is 𝑘𝑎(𝐿)+𝑘𝑏 . Depending on the channel conditions and built-in error 

correcting capability, we either detect all the L information bits correctly (useful energy) or the entire 

information is deemed to be corrupted (energy lost). Hence, the energy efficiency 𝐸𝐸𝐹𝐹 𝐿  represents the useful 

fraction of the total energy utilized in transmitting/receiving between MN and CH in a given cluster of the 

CRWSN. Therefore, by maximizing the energy efficiency equation formulated in (18), the optimal packet size 

can be determined. 
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 In this paper, we assume that packets are in error. That is, packets are considered to be in the presence of one 

or more bit errors and no error control is applied. Assuming independent bit errors, the probability that the packet 

will be correctly received is given by (1-BER) L, which is the same as the reliability of data earlier defined. BER is 

the raw channel bit error rate. Putting all the afore mentioned variables, (18) can be rewritten as;  

 

𝐸𝐸𝐹𝐹 𝐿 =
𝑘𝑎 (𝐿)

𝑘𝑎  𝐿 +𝑘𝑏𝑅
(1− 𝐵𝐸𝑅)𝐿                                                                                         (19) 

 

Performance Analysis of Crwsn with Varying Packet Size: 

 Energy efficient packet size of CRWSN is affected by a number of parameters such as data rate, sensing 

time, signal bandwidth, primary user behavior, number of channel, etc. Table 2 gives the list of parameters used 

for the simulation. These parameters are selected based on similar previous works in (Sankarasubramaniam, 

Akyildiz et al. 2003) and (Oto and Akan 2012), but with some modifications. Also, these parameters are 

application and constraint dependent, and could vary depending on which band you are operating. Therefore, the 

results we obtained reveal the general effect of parameters on the packet size in a CRWSN mostly as it affect 

energy efficiency of the network. 

 
Table 2: Simulation Parameters. 

Parameter Description Value 

BW Channel Bandwidth 1000KHz 

ISM-Band Operating frequency Band 2.4GHz 

𝑡1 Sensing Time 0.000001s 

𝑑𝑆𝑈−𝑃𝑈  Distance between PU and SU 50m 

q Average Channel Free time 0.16s 

δ Path loss component 2.5 

𝑃𝑂𝑁  Probability of Channel busy 0.33 

NC-FSK Modulation Scheme  

No Noise Power 1.38x10-22 

Λ Energy Detection Threshold 3dB 

PUp PU Transmission Power 10dB 

Im Maximum Interference Ratio 0.1 

 

 From Figure 8, it could be seen that the energy throughput  varies as the packet size changes. As the packet 

size increases, the energy throughput increases until an optimal packet size is reached. At the optimal packet 

size, the energy-throughput metric assumes a constant value even though the packet size continues to increase. It 

could also be seen that the variation of packet size with energy-throughput is a function of the CR SU data rate. 

For different data rate, the value of packet size and energy-throughput metric differs correspondingly. This 

justifies the relationship found in (19).  

 As the packet size increases, the packet reliability decreases proportionately. this scenario is illustrated in 

Figure 9. This is logical because, due to PU activity in the channel, collision is inevitable, which will reduce the 

packet acceptance rate between the sending and the receiving node of the CR-SU. This variation is shown to 

differ with different data rate. At a lesser data rate the variation becomes significant. 

 The BER of the channel plays a significant role in detemining the enegy efficiency in relation to the packet 

size. BER depends largely on the channel model and the modulation scheme. We have assumed a binary 

orthogonal non-coherent frequency shift keying (BONCFSK) modulated data on a frequency non-selective, 

Rayleigh fading channel following related previous works (Yau, Komisarczuk et al. 2009) and 

(Sankarasubramaniam, Akyildiz et al. 2003). From Figure 10, it could be seen that there is a direct relationship 

between the packet size and the BER. As the packet size increases, the BER steadily increase. However, this 

increase becomes significantly noticeable as the distance between two communicating CR-SU increases. 

 From Figure 11, it can be seen that varying the packet size also varies the energy efficient of the CRWSN at 

different distances between communicating SU nodes. As the distance between communicating node reduces, 

energy efficiency rises sharply. This is expected because the lesser the distance between communicating nodes, 

the lesser the energy consumption during transmission all other factors held constant. There is an optimal value 

of packet size at which the energy efficiency begins to fall. Hence, it is important to keep the packet size within 

this optimum value in order to retain highest energy efficiency. 
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Fig. 8: Variation of Energy-Throughput with CRWSN Node Packet Size with Varying Data Rate. 

 

 
 

Fig. 9: Variation of Packet Acceptance Rate with Packet Size with varying Data Rate. 
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Fig. 10: Variation of Channel BER With Packet Size Under Different CR-SUs Communicating Distances. 

 

 
Fig. 11: Variation of Energy Efficiency with Packet Size at Different Distance Between Communicating SUs. 
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noticed that there is an optimum packet size needed to maintain the energy efficiency at the maximum level.  
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it is recommended for better performance in terms of energy efficiency that the packet size of the transmitted 

data is kept at the optimal value. For future work, we shall focus on the effect of sensing time and energy 

efficient decision strategy for cognitive radio wireless sensor networks with optimal packet size. 
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