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ABSTRACT 
A Sensor network is a technique where many distributed sensor devices with a sensing system collect information. These nodes 
are normally deployed in an adhoc manner, operate in distributed way. Generally the sensors nodes are battery powered, and it 
is often not feasible recharge them. This makes the problem of conserving energy at individual sensor nodes challenging. This 
paper introduces S-MAC protocol used for WSNs and proposes SEE-MAC, a Medium-Access Control protocol designed for 
Wireless Sensor Networks. SEE-MAC uses a little advanced technique to reduce energy consumption. A new protocol is 
proposed to improve the energy efficiency, latency and throughput for WSNs. A modification of the protocol is proposed to 
reduce the need for some nodes to live awake longer than the other nodes which improves the energy efficiency, latency and 
throughput and therefore increase the life period of a wireless sensor network. 
 
Keywords:-Medium Access Control, Wireless Sensor Network, Energy Efficiency, Latency, Throughput. 
 
1.  INTRODUCTION 
Wireless sensor networks (WSN) have become increasing popular due to their wide range of applications in both 
military and civilian environments, ranging from battlefield surveillance to natural habitat monitoring. A typical WSN 
consists of a large number of autonomous sensor nodes that self-organize to form a multi-hop network [1]. Sensors 
nodes are battery operated, Equipped with integrated sensors, and have embedded processing and short-range radio 
communication ability. Unlike standard wireless/ad-hoc networks, WSNs are severely resource constrained and energy 
conservation/efficiency is of paramount importance. The wireless radio-communication interface consumes a 
significant fraction of node energy. 
 
In this work we focus on the design of energy-efficient link layer protocols for sensor networks. Traditional MAC 
protocols focus on improving fairness, latency, bandwidth utilization and throughput (which are secondary for WSNs) 
and lack energy conserving mechanisms. Studies reveal that energy wastage in existing MAC protocols occurs mainly 
from collision, overhearing, control packet overhead and idle listening [4]. MAC protocols for sensor networks should 
try to avoid the above energy wastage while allocating shared wireless channels among sensor nodes as fairly as 
possible and prevent nodes from transmitting at the same time. 
 
Medium Access Control (MAC) [4] is an important technique that permits the successful operation of the network. 
Medium Access Control for wireless sensor networks has been a very active research area in recent years. The old- style 
wireless medium access control protocol such as 802.11 is not suitable for the sensor network application because these 
are battery powered. The recharging of these sensors nodes is expensive and also not normally possible. 
The rest of the paper is organized as follows. In Section II describes S-MAC Protocol. The proposed SEE-MAC 
Protocol is described in Section III. Performance Evaluations and Results are shown in Section IV and section V 
concludes the paper. 

2. S-MAC PROTOCOL 
The Sensor MAC (S-MAC) protocol was introduced in [3] to solve the energy consumption related problems of idle 
listening, collisions, and overhearing in WSNs using only one transceiver. S-MAC considers that nodes do not need to 
be awake all the time given the low sensing event and transmission rate. S-MAC [7] reduces the idle listening problem 
by turning the radio OFF and ON periodically [Figure 1]. 
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Nodes are synchronized to go to sleep and wake up at the same time. In order to address the issue of synchronization 
over multi hop networks, nodes broadcast their schedules to all its neighbors. This is performed sending a small SYNC 
frame with the node schedule periodically. S-MAC divides time in two parts: the active (listening) part and the inactive 
(sleeping) part. The active part is divided at the same time in two time slots. During the first time slot, nodes are 
expected to send their SYNC frames to synchronize their schedules. 
 
The second time slot is for data transmission in which the SMAC protocol transmits all frames that were queued up    
during the inactive part. In order to send SYNC frames over the first time slot or RTS–CTS–DATA–ACK frames over 
the second time slot, nodes obtain access to the media utilizing the same contention mechanism included in IEEE 
802.11, which avoids the hidden terminal problem and does a very good job avoiding collisions too. However, nodes 
using the IEEE 802.11 protocol waste a considerable amount of energy listening and decoding frames not intended for 
them [9]. In order to address this problem, S-MAC allows nodes to go to sleep after they hear RTS or CTS frames. 
During the sleeping time, a node turns off its radio to preserve energy. 
 
Advantages: The energy wastage caused by idle listening is reduced by sleep schedules. In addition to its   
implementation simplicity, time synchronization overhead may be prevented    with sleep schedule announcements [5]. 
 
 
 
 
 
 
 
 

TIME 

Figure 1 Periodic Listen and Sleep 

3. SEE- MAC PROTOCOL 
SEE-MAC, the Sensitive Energy Efficient MAC protocol is based on TDMA and hence possesses the natural ability of  
avoiding extra energy wastage.  
 
3.1 Sensor Node Criticality:  Certain nodes may have more active participation in the sensing events or may be part of 
many routes in the event propagation trees. Hence, some nodes will deplete their energies faster than other nodes. 
 Let Ei be the remaining energy level of a sensor node. We label the flow rate of node as Fi which is obtained by 
counting the number of packets originating at the sensor node and routed through the node periodically. We define the 
criticality Ci of a node to be 

  Ci           =       E i + Fi                     (1) 
Max {Ej}         Max {Fj}  

for all sensor nodes j in the TDMA-group(s) containing i. We assume that sensor nodes in a TDMA-group exchange 
their energy levels and flow rates periodically 
The main advantages of a TDMA-protocol present in SEE-MAC are the following. 
Packet loss due to collisions is absent because two nodes do not transmit in the same slot.Although packet loss may 
occur due to other reasons like interference, loss of signal strength etc. 
No contention mechanism is required for a node to start sensing its packets since the slots are pre-assigned to each 
node. No extra control overhead packets for contention are required. 
SEE-MAC uses the concept of periodic listen and sleep. A sensor node switches off its radio and goes into a sleep mode 
only when it is in its own time slot and does not have anything to transmit. It has to keep the radio awake in the slots 
assigned to its neighbors in order to receive packets from them even if the node with current slot has nothing to 
transmit. We describe the protocol in details in the next two subsections. 
 
3.2 Protocol Packets and Data Structures at Each Node 
The protocol has two types of packets, data packets and control packets. 
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3.2.1 Data packets: These are normal data packets received from higher layer protocols, which are routed to the base 
station. 
3.2.2 Control packets: The normal packet contains two fields. The first field specifies the type of the packet and the 
second field specifies the value attributed to the type of the packet. There are two types of control packets. 
 
Vote packet: This contains the decision of a node, which can be either positive vote or a negative vote. This packet is 
sent to nodes, which sent their energy values to this node. 
 
3.2.3   Radio-power-mode packet: This packet contains the radio-power-mode of the sender, to indicate whether the 
sender is using one slot or two slots for transmitting its data packets. 
Initially each sensor node is assigned two TDMA slots on which it can transmit packets. It also has a receiver table, a 
two-tuple <source, slot>, which tells the sensor when to turn on its receiver to listen for a packet coming from its 
neighbors. It also has extra state variable Radio Power-mode, which tells the MAC to use two slots for transmission if it 
is set. It also maintains a local state variable Radio-mode[i] for each of its neighbour indicating the Radio-power-mode 
of the neighbor i. This information about the neighbor is used to set its receiver to listen for packets from its neighbors. 
 
3.2.4 Protocol Description 
Initially each node is assigned two TDMA slots for transmission. The algorithm for assigning these slots is not within 
the scope of this paper. Each node knows the transmission slots of its neighbors. Nodes periodically exchange 
information about their energy levels and criticality and determine whether to use one or two slots for transmission. 
Initially the Radio-power-mode of all nodes is set to TRUE to allow nodes to transmit in two slots. Each sensor node 
can be in any of the following two phases. 

 Normal operation phase: The nodes operate normally, routing data packets to the sink/base-station. 
 Selection phase: Critical nodes enter the selection phase to do a local election and readjust their slots. 

 

The selection phase is triggered by criticality of a node. A node becomes critical if its energy falls below a threshold 
factor of the previous winner’s (then) energy value. The critical node then triggers a local selection phase. A node in 
the selection phase is a success if criticality values of all its neighbors are greater than its own. Otherwise it declares 
itself a loser. The selection phase is integrated with the normal TDMA phase and control packets are sent along with 
normal data packets when necessary.  

The sequence of steps followed by sensor node i triggering the selection phase is as follows: 
 Node i broadcasts its current energy and flow rate to all its neighbours. 

At the end of one TDMA cycle, node i calculates criticality values of all nodes based on obtained energy and traffic 
information. 
If Ci < Cj for all j, where j is the set of neighbours of i, then it sets Radio-power-mode to TRUE and becomes the 
winner. Otherwise it sets Radio-power mode to FALSE and declares itself a loser. 

 At the end of the selection phase node i send its current value of Radio-Power-Mode to all its neighbors. 
The sequences of steps followed by each receiver node j in the selection phase are as follows: 
Node j broadcasts its current energy and flow rates during its transmission slot. 
If the Radio-power-mode value received from i is TRUE then it adjusts its TDMA frame to accommodate slots 

for i. 
Note that multiple nodes can become critical and initiate the selection phase at the same time, i.e., during the same  

 
TDMA cycle. At the end of one TDMA cycle, starting from the slot of the first node initiating the selection phase (node 
i), all critical nodes have complete neighbor energy and flow information and can determine the success. To save slots, 
node i declare the identity of the success during its transmission slot. 

In normal operation mode, the activity of each node in a time slot is the following: 
If it owns the current slot then it sends any available data. If it has nothing to transmit, the radio is put to 

sleep. 
If it does not own the current slot, it checks its slot table to see whether this is the second slot of the current 

winner. If so, the slot is idle and it puts its listening radio to sleep. 
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A critical (low energy/high rate) node sleeps longer, thus balancing energy consumption among the nodes and 
increasing the lifetime of the network. The performance of the SEE-MAC protocol and the performance comparison 
with S-MAC is presented in the next section. 

4. PERFORMANCE EVALUATION AND   RESULT 
4.1 Simulation Environment: 
Simulations are created using ns-2 simulator and the comparative results are generated.  TCP/IP Agent is used to create 
packets. Packet size is assign as two.  In the graph X position contain number of nodes from 20 to 100.  In Y position 
contains the values of throughput, Energy consumptions, Average end to end delay, Routing Over Head Simulation 
time is starts from 0 to 20 seconds.  Speed is set as 2.0. 
 
4.2 Performance Evaluation: 
The following metrics are used to evaluate the performance of S-MAC and SEE-MAC for different time variations.   
 
4.3 Throughput: 
The throughput is defined as the total amount of data a receiver actually receives from the sender divided by the time it                   
takes to get the last packet. 
  
 Throughput=∑ Receiving packets/End time  
 

Figure 2 shows SEE-MAC throughput is higher than S-MAC 

 

 
 

Figure 2 Throughput 

4.4 Latency: 
It is the average time taken for each data packet to be received by the destination node from the source node.  The data 
packets which were lost in simulation were not recorded for consideration. 

 Record the time the source node sends  
      a   datapacket:  
            start_time[packet_id] = time; 

 Record the time of destination receives the data packet:  
        end_time[packet_id] = time;  

 The end-to-end latency for each data packet:  
               packet_duration = end - start;  

 Average end-to-end latency:  
              Delay = duration_total / packet_number; 
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Fig 3 shows S-MAC end to latency is higher than SEE- MAC end to end Latency. 
 

 
                       

Figure 3. Latency 

 
 
4.1 Energy Consumption: 
The sensor nodes are battery powered Energy efficiency can be increased by minimizing the energy wastage. 
Fig 4 shows SEE-MAC protocol energy consumption is less compare than S-MAC protocol 
 

 
 

            Figure 4 Energy Consumption 

4.1 Packet Delivery Ratio: 
The division of packets are sent by the application that is received by the receivers. 

 
PDR= ∑ sending packets/ ∑ Receiving packets 

 
Fig 5 shows SEE-MAC packet delivery ratio is higher than S-MAC 

 
 

Figure 5. Packet Delivery Ratio 
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V. DISCUSSION AND CONCLUSION 
We have proposed a novel approach for energy management at the MAC layer in a wireless sensor network. The 
protocol uses TDMA along with periodic listen and sleep to avoid energy wastage. Here the simulation results show 
that SEE-MAC achieves a significant gain in energy savings compared to S-MAC layer protocols. We have only 
experimented with a static, non-mobile network. We expect more detailed results in the future. 
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