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Abstract: The MAC layer plays a major role in the enhancement of the performance of any network. Hence this paper 

proposes a modified virtual backoff algorithm which queues the packets based on the delay that application can tolerate 

and ant colony optimization technique is used to choose the best of all available forwarding nodes. Two counter 

referred as Naccess and Nattempt are maintained for each node which is used to calculate the success rate of each node 

based on which the node is given the channel access of all contending nodes. Sleep scheduling is incorporated in order 

to enhance the energy conservation and hence increase the lifetime of the network. The performance of the proposed 

algorithm is proved to be better when compared to the legacy systems like VBA, S-MAC and EACAODV. The 

parameters used for testing are packet delivery ratio, average energy consumption, delay and number of collisions.  

 

Keywords: Ant colony optimization, VBA, WSN, Channel access, Collision. 

 

 

1. Introduction 

The computing devices which depend on the 

battery power and can perform sensing operations, 

referred as sensors and are used as nodes in the 

Wireless Sensor Networks (WSN). The sensor nodes 

of WSN will join together for a typical application, 

for example, observing environmental conditions. 

The nodes in WSN are anticipated to be inactive state 

when it is not detecting any object and become active 

abruptly when any object is detected and are 

organized in an ad hoc manner. There are many 

features which differentiate the MAC layer of WSN 

from the wireless MAC, IEEE 802.11, the essential 

objectives like self-design and energy management 

and the less critical objectives like fairness of each 

node and delay [1]. 

The processing of data within the network is a 

vital characteristic of WSN. This characteristic of 

WSN is very useful in decreasing the usage of energy 

instead of sending the raw data completely till the end 

node [2-4]. To process the data within the network, 

accumulate and accelerating of messages need to be 

supported.  

Advances in the hardware made to accommodate 

the memory, transceiver and processor in one chip 

and hence reduces the cost of nodes in WSN. The 

battery power of the sensor nodes will be less when 

compared to the other mobile devices which make the 

range of communication to be less in the case of 

sensor nodes. Therefore, if larger area needs to be 

covered then the sensor nodes required are more.  

The lifetime of the network can be enhanced 

when the energy consumption is reduced and this 

plays a major role in WSN as the replacement of 

battery or recharging the power units is not an easy 

task in WSN contrasting to other wireless networks. 

One way of reducing the energy consumption is by 

reducing the communication among sensor nodes 

because the sensor node requires more energy to 

communicate when compared to process the data.  

In our daily life it can be observed that the role of 

sensors is increasing day by day. They are being used 

in most of our regular activities. They became very 

important and needful. The components in a sensor 

node are sensing unit which is used to detect any 

object within its range of signal (e.g. temperature, 

heat, smoke, acoustic) or (chemical sensors), analog 

to digital converter which is used to convert the data 
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sensed by the sensing unit which is in the form of 

analog to digital which facilitates in transmitting to 

the destination node, battery source which provides 

power to the node and a microcontroller (with an 

efficient operating system which helps in conserving 

energy) [7].  

The significant design goal of WSN is to make 

the energy to be used effectively and efficiently. 

There are various ways proposed by the researchers 

to make the efficient usage of energy like 

optimization algorithms based on ant behaviour, 

particle swarm optimization and genetic algorithms 

[8-9].  

The battery which is used in the sensor nodes 

cannot be recharged in most of the cases. Hence they 

cannot be reused and need to be disposed [10]. The 

case where it is possible to recharge the battery it is 

highly challenging as the place where the sensors 

normally are deployed will be secluded and hostile. 

Hence the energy conservation is very important in 

WSN which helps in increasing the lifetime of the 

network.   

Of all the various reasons of power consumption, 

the data transmission and reception operation is 

consuming more power. There are various reasons for 

which energy is more consumed than the required 

energy. It can be said as the energy is wasted for the 

following reasons: Some of them are eavesdropping, 

listening during idle state, collision and discharging 

faster. During eavesdropping, the node receives the 

packets which are not intended to it. The probable 

data traffic is received when the node performs idle 

listening. The packets are to be transmitted again 

when the collision occurs and finally the discharge 

will be more when the packets are transmitted when 

the node to receive the data is not prepared.  

The sensor nodes which are formed as a network 

are used to interpret some data about the environment 

and perform the specified activity (automatic sensor 

doors) or send the interpreted data to the server 

systems where it can be used to know the situation in 

the location where the sensor nodes are deployed (ex: 

border areas) [11] 

One of the ways to conserve energy in WSN is by 

introducing duty cycle. The duty cycle makes the 

node to be in the sleep mode in which the nodes do 

not communicate for some duration and to be in 

active state where the node can sense and get some 

data. In this regard, there is a need of synchronization 

among neighbouring nodes. Some of the protocols 

that induced synchronization into MAC protocols are 

S-MAC, T-MAC, DSMAC, and TEEM [12-16].  

There are two classifications in the MAC 

protocols – based on contention and based on 

scheduling. The protocols which are based on the 

contention allow all the nodes to contend for and 

acquire the channel access where as in the protocols 

which are based on the scheduling provides a 

schedule according to which the nodes can acquire an 

access to the channel [17].  

The protocol is organized into various layers. The 

energy consumption can be optimized at any layer of 

the protocol stack [18-19]. The vital role of the MAC 

layer in the network is to eliminate the conflict among 

the nodes during the channel access and to identify 

the node to obtain the access to the channel. 

Furthermore, constraints like effective utilization of 

bandwidth and minimum delay impose added 

challenges to the MAC protocol design [20].  

This paper proposes a modified virtual backoff 

algorithm which queues the packets based on the 

delay that application can tolerate and ant colony 

optimization technique is used to choose the best of 

all available forwarding nodes. Two counter are 

maintained for each node which is used to calculate 

the success rate of each node based on which the node 

is given the channel access of all contending nodes. 

Sleep scheduling is incorporated in order to enhance 

the energy conservation and hence increase the 

lifetime of the network. 

The rest of this paper is organized as follows: 

section 2 gives brief description of work carried out 

in this field, the proposed algorithm, ACTD-M-VBA 

is discussed in section 3, results and discussions are 

carried out in section 4 and section 5 concluded the 

paper. 

 

2. Related Work 

 
The structural design referred as Piconet is given 

in [5] and this is applicable for low-power ad hoc 

wireless networks. The energy is conserved in 

Piconet by pushing the nodes into sleep mode 

periodically. The nodes coordinate with each other by 

broadcasting the node’s corresponding address when 

it awakes from the sleep mode and becomes active to 

sense the objects. If a node 1 receives the message 

from any other node 2, then only the communication 

can take place otherwise the node 1 assumes that the 

node 2 is in inactive state. But, this approach 

increases the overall completion time of the network 

An adaptive rate control mechanism is proposed 

by Woo and Culler in [6]. They studied Carrier Sense 

Multiple Access (CSMA) for various configurations. 

The authors attempted to accomplish allocation of 

bandwidth in fair manner to all the nodes in the multi-

hop network. The various MAC schemes are 

investigated and quantified using the motes and 

TinyOS platform. In this approach, the packet 
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delivery ratio will be high due to the bandwidth 

distribution. 

S-MAC [18] is a Sensor-MAC protocol which is 

a contention based protocol introduced a sleep mode 

for the nodes where the nodes will go to inactive state 

and will not be able to participate is sensing or 

forwarding in order to conserve energy. The duty 

cycle is static in the case of S-MAC protocol which 

is based on contention. The energy conservation 

procedure of S-MAC is in analogous to IEEE 802.11. 

The communication schedule in S-MAC is dynamic 

in nature and hence an additional control packet is 

required to synchronize the nodes in the network. The 

nodes are active in the listen period where RTS/CTS 

packets communication takes place. The nodes which 

do not receive the RTS packet in the listen period and 

have no data to transmit can go to the sleep period. 

As the nodes in the WSN will not have any 

knowledge regarding the time when data will be 

transmitted, they keep listening to the channel all the 

time. Listening to the channel when there is no data 

transmission is referred as idle listening. Idle 

listening leads to wastage of energy consumption. 

Hence, if idle listening is minimized then energy can 

be conserved. This can be done by scheduling the 

nodes using TDMA method [21-23]. In addition to 

this, energy can be conserved more by making the 

nodes to be in active or inactive states periodically. 

This method is considered to be more efficient 

optimization method. The nodes are allotted a fixed 

time slot in which the node can transmit the packets 

or receive any data. So, the node will be in active state 

during its time slot. The nodes go into inactive/sleep 

state if the time slot is not corresponding to it. The 

TDMA based scheduling helps in reducing the 

number of collisions and hence reduces the 

retransmissions. The switching of the node between 

the active and inactive states is a trade-off as if the 

duration of the state is less; then the time taken to 

switch between the states will be more. Otherwise, if 

the duration of the state is more, then there is a chance 

of decreasing the network performance even though 

the time taken for switching is reduced.  

The data fusion method is proposed by 

Donggook Kim in [24] which helps in enhancing the 

performance and maximizing the power conservation. 

Another approach is proposed Sun Dayang in [25] 

which aims at increasing the life time of the network. 

The load is reduced using the cross layer design in 

WSN by Chen Wei in [26]. 

Jing-hui Zhong tried to increase the lifespan of 

the network by conserving the energy using an 

innovative method named as Local Wakeup 

Scheduling (LWS) in [27]. An ant colony 

optimization technique based mc-ACO is utilized in 

order to achieve the goal. According to LWS, the 

nodes in the network are divided into two groups. 

First group will be in active state and the second 

group will be in sleep mode. When the nodes in the 

active group are becoming energy less nodes, then the 

modes are switched among the groups by making the 

nodes in the first group to be sleep mode and making 

the nodes in the second group to be active. This 

approach will create communication overhead over 

the network.     

SSMTT, Sleep Scheduling algorithm for 

Multiple Target Tracking sensor networks is 

proposed by Bo Jiang et al in [28]. The schedule time 

is dynamic in nature for every node. i.e, the sleep 

pattern is altered based on the network situation at the 

time the node wakes up from the sleep mode. 

Similarly, whenever the node is going to the sleep 

mode, the wake up timer is set. When compared to 

the single target tracking systems, SSMTT is 

potential enough to conserve the energy. But, the 

SSMTT will increase the end to end delay at the time 

of packet delivery. 

Medium Reservation Preamble based MAC 

(MRPM) is proposed in [29]. The authors attempted 

and succeeded in reducing the energy consumption 

and latency in WSN. The nodes contend for the 

channel during the contention period only. When the 

node wants to transmit the data, it wakes up during 

the contention period otherwise it ignores the 

contention period. Hence the authors made the duty 

cycle to be adaptive. The listen period is made short 

by separating the contention from it and combining 

SYNC packet and RTS packet. The advanced 

adaptive listening (AAL) procedure of MRPM is 

used to transmit the data multiple hops away in a 

single duty cycle lead to attain low latency. The 

proposed approach causes premature death of nodes 

in the network. 

 

3. Proposed Algorithm – Ant colony and 

Tolerable Delay based Modified VBA 

(ACTD-M-VBA) 

 
3.1 Mathematical Model for M-VBA 

 

Let, the probability of the node ‘i’ attempting for 

the access of the channel, P(A). If ‘m’ nodes are 

contending for the channel simultaneously, then the 

probability of the node ‘i’ acquiring a channel, P(B). 

Therefore, the probability of the node attempting and 

acquiring the access to the channel, is P(A)P(B|A). 

If the number of attempts is restricted to ‘K’ then the 

probability of the node attempting and acquiring the 

access to the channel is  
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RK ABPAPXP )|()()(  , where KR     (1)

  

      The above equation tells that the ‘R’ attempts out 

of ‘K’ attempts are successful in acquiring a channel. 

      If the number of accesses is restricted to ‘K’, then 

the probability of the node attempting and acquiring 

the access to the channel is  

 
KS ABPAPYP )|()()(  , where KS     (2) 

 

      The above equation tells that the ‘K’ attempts out 

of ‘S’ attempts are successful in acquiring a channel. 

When, both the Eq. 1 and Eq. 2 are compared, then it 

could be observed that P(Y) >= P(X). P(Y) = P(X) is 

possible when K=R=S. Hence, starvation problem 

could be avoided and the restriction helps in reducing 

the collisions.  

      Initially, the probability of all nodes to acquire a 

channel is equal. If there are ‘m’ nodes among ‘n’ 

nodes are contending for the channel and ‘h’ nodes 

among ‘m’ nodes are contending for the first time, 

then the probabilities of ‘m’ nodes is given as 

follows: 
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       Where i is the node which is contending for the 

first time and j is the node which already contended 

for the channel.  
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       When a node acquires a channel, then probability 

of the corresponding node is decreased and 

probability of the remaining contending nodes will be 

increased. The increment and decrement of 

probability is as shown in Eq. 3 and Eq. 4.  

    Assume that ‘m’ nodes are contending for the 

channel at the same time and node ‘i’ acquired a 

channel. Then,  
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     It can be observed that the probability increases as 

the number of attempts increases and decreases with 

the increase in the number of accesses.  

 

3.2 Packets Queuing based on the Delay-Timer 

Value 

 

     The sensor nodes in the network are considered to 

be mobile in nature. Hence the topology of the 

network is dynamic. The proposed algorithm 

considers various applications. The delay that the 

applications can tolerate varies from each other. A 

new field called Delay-Timer is added to the packet 

which is initialized with the delay value that the 

packet can tolerate. The Delay-Timer value is 

excluding the time taken by packet to be transmitted 

from the source to the destination. If the Delay-Timer 

is expired before it is transmitted, then it is considered 

as packet-drop. The goal of the proposed protocol is 

to reduce the number of packet drops and hence a 

queue is maintained where the packets are inserted 

according to the remaining Delay-Timer. For ex: if a 

packet with Delay-Timer 10ms is in the queue and a 

packet with Delay-Timer 5ms is arrived, then the 

later packet is serviced first. Suppose that the 

difference between the Delay-Timer of the two 

packets is less than α msec, the former is serviced first 

and then the later. The value of α is determined based 

on various runs while performing the experiment. 

The difference of α helps in eliminating the 

unnecessary drop of packets that are in the queue for 

the service. The procedure for queuing the packets is 

shown in the Figure.1. In the Figure.1, DNew 

represents the tolerable delay of the new packet. 

DQ[i] represents the delay of the ith packet in the 

queue. PQ[j] represents the packet in the jth index of 

the queue 

 

3.3 Selection of node based on the Success Rate 

 

Two different counters are maintained for each 

node in the network, Naccess and Nattempt. Naccess is 

incremented when the node acquired a channel access 

and Nattempt is incremented when the node tried for a 

channel access irrespective of the success or failure. 

Another parameter called sequence number is 

maintained. The sequence number is the maximum 

number of times the node can access the channel.  

Naccess – the number of times the node acquired the 

access to the channel  

Nattempt – the number of times the node tried to 

acquire the channel access.  

 

Hence,  
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    The success rate at which the node acquired the 

channel = 100
attempt

access

N

N
 

    The node whose Naccess < sequence number and 

the success rate is low will acquire the channel. The 

process is shown in Figure.2 

 

 

 
Figure.1 Flow diagram for packet queuing based on delay timer 

 

 

3.4 Selection of forwarding node based on the 

goodness value 

 

The ant colony optimization algorithm is used 

to enhance the performance of the algorithm. The 

node among many forwarding nodes is determined 

based on the goodness value of the node. The 

goodness value of the node is increased if the node 

is successfully forwarding the packet to the next 

node. The node with highest goodness value is 

chosen as a next forwarding node. As a particular 

node is chosen as forwarding node for more number 

of times then the pheromone value which is referred 

as goodness value increases automatically. The 

process of updating the goodness value of the node 

is shown in Figure.3 

 

Steps in identifying the next forwarding node: 

1.Determine all the possible neighbours of a node – 

{Neighbours} 

2.Determine all the possible neighbours in the 

direction of the destination – {Neigh-dest-

direction} 

a. {Neigh-dest-direction}  {Neighbours} 

3.Obtain the goodness value of the nodes in {Neigh-

dest-direction} 

4.The node with highest goodness value becomes 

the forwarding node. 
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Figure.2 Flow diagram of selecting a node based on the success rate 
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Figure.3 Flow diagram for updating the goodness value of the Node 
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3.5 Sleep Scheduling 

 

 
Figure.4 Wireless Sensor Network with group 1 in active 

state and group 2 in sleep mode 

 

A node can go into the sleep mode for energy 

conservation. The nodes in the network are grouped 

into two such that the nodes in the group1 can 

communicate with all the remaining nodes in the 

group1 with/without the help of the nodes in the 

group2 and vice-versa. The nodes of group1 and 

group2 alternatively go to the sleep mode as shown 

in Fig. 4. When the nodes in the group1 are active, 

still some of the nodes remain idle with acting as a 

source, forwarding and destination nodes. In such a 

case, a node goes to the sleep state for Ω period of 

time after being idle for β time. After Ω period of time, 

the radios are automatically turned on. When a 

particular group of nodes are in sleep mode, all nodes 

in that group are in sleep mode only and all the nodes 

awake from the sleep mode at the same time. The 

nodes can listen, transmit, forward or receive only 

when it is active. When a node wants to transmit 

some packets but if it do not get a chance of 

transmitting, then the packets are buffered and are   

transmitted when it is ready. 

     When more number of nodes are contending for 

the channel access, then a particular node is given the 

channel access according to the proposed algorithm 

as follows: 

     Initially the node is selected based on the delay-

sensitivity of the packets to be transmitted. If more 

such nodes are determined, then the success-rate of 

the node is considered and the node with less success-

rate is given a chance to acquire the channel access. 

If the node is a forwarding node, the selection 

depends both on the success-rate and the goodness 

value. 

4. Experimental Evaluation 

 
Table 1. Simulation Parameters 

Parameter Value 

Number of Contending 

Stations 

 

 

2-200 

Sequence number 50,100,150,200,250,300 

CW min 31 

CW max 1023 

Α 10ns 

DIFS 50 µs 

SIFS 10 µs 

PHY data rate 1Mbps 

PLCP Preamble 144 µs 

PLCP Header 48 µs 

Agent UDP 

Packet size 1200 

Application CBR 

CBR Rate 64kbps 

Channel type Wireless channel 

Radio-propagation model Two ray ground 

Network interface type WirelessPhy 

MAC Type 802_11 DCF 

Interface Queue Type Drop tail/priority queue 

Link layer type LL 

Antenna Model Omni antenna 

Routing protocol AODV 

Topology 650 * 750 

 

The proposed algorithm, CLM-VBA is examined 

using the parameters – packet delivery ratio, end-to-

end delay, number of collisions and energy 

consumption. The enhancement of the packet 

delivery indirectly shows that the transmissions are 

successful and the minimization of collisions. The 

protocol is implemented and examined in ns-2 [26] 

and the results are taken from the average of 20 times 

of execution of the system. Parameters used in ns-2 

simulation are shown in Table 1. 

The DIFS and SIFS parameter values are used in 

order to setup the delay parameter. The performance 

of the ACTD-M-VBA is compared with the legacy 

systems like VBA, S-MAC and EACAODV. It can 

be observed from the graphs shown in Fig. 5 – Fig. 8 

that the proposed algorithm ACTD-M-VBA 

outperforms when compared with the other 

algorithms. The VBA algorithm is developed for 

wireless networks. Sleep scheduling is employed and 

two counters are employed along with the sequence 

number for each node. There is a possibility of 

starvation of a node in the case of VBA. S-MAC is 

designed for MAC layer in wireless sensor networks. 

It introduced sleep scheduling as the energy need to 
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be conserved in WSNs. EACAODV utilized ant 

colony optimization technique to enhance the 

performance of the system. The proposed algorithm 

employed queuing mechanism where packets are 

queued based on the delay that it can tolerate. This 

improves the quality of the packet delivery system. 

Success rate of each node is calculated based on the 

number of times it succeeded in acquiring the channel. 

This enhances the fairness allocation of a channel to 

a node among all the contending nodes and reduces 

collisions. The forwarding node is selected based on 

the goodness value defined for each node and which 

is altered based on the ant colony optimization 

technique. More pheromone implies high goodness 

value. This helps in increasing the packet delivery 

ratio and reducing the packet drops. Finally sleep 

scheduling is utilized in order to conserve the energy. 

As the alternate sets of nodes are being used, the 

lifetime of the network will be increased. The 

proposed algorithm reduces the delay by 44.44%, 

55.24% and 45.1% when compared to VBA, S-MAC 

and EACAODV respectively as shown in the Figure. 

5. It can be observed from the Figure. 6, that 43.91%, 

56.71%, and 20.88% enhancement is made in terms 

of packet delivery ratio by the ACTD-M-VBA in 

comparison with VBA, S-MAC and EACAODV 

respectively. The ACTD-M-VBA improves the 

performance by 32.9%, 29.06% and 9.06% in terms 

of average energy consumption when compared to 

the VBA, S-MAC and EACAODV respectively as 

shown in the Figure. 7. ACTD-M-VBA reduced the 

number of collisions by 28.2%, 45.67%, and 35.98% 

in comparison to VBA, S-MAC and EACAODV 

respectively as it can be observed in Figure. 8. 

 
Figure.5 Delay vs Number of Nodes 

 
Figure.6 Packet Delivery Ratio vs Number of Nodes 

 

 
Figure.7 Average Energy Consumption vs Number of 

Packets Transmitted 

 
Figure.8 Number of Collisions vs Number of Nodes 

 

5. Conclusion 

 
In this paper, the performance of the network is 

enhanced in terms of packet delivery ratio, delay, 

average energy consumption and number of 

collisions. The priority is given to the delay sensitive 
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applications and hence employed a queuing 

mechanism where the packets are queued based on 

the remaining tolerable delay and made the 

mechanism such that the packet is serviced before the 

delay that it can tolerate expires. The starvation 

problem and reduction of collisions are handled by 

computing the success rate of each node using the 

parameter maintained for keeping track of number of 

accesses and number of attempts that each node made 

to acquire the channel access. Energy consumption is 

reduced by sleep scheduling which describes that 

only a group of nodes in the network are used at a 

time. Then finally packet delivery ratio is increased 

by choosing the neighboring nodes among the 

available based on the goodness value which is being 

modified using the ant colony technique. The results 

shown prove that the proposed algorithm, ACTD-M-

VBA performs well when compared to VBA, S-

MAC and EACAODV. In the future, the proposed 

work is integrated with security parameters for 

enhancing the performance of the WSNs. 
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