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Abstract: Smart grid is an emerging technology that helps in proving efficient power management for 
existing power systems. Smart grid is mainly used to control the power load via price signaling. The 
communication between the power supplier and power customers is a key issue in smart grid. Present 
power systems expect to provide quality of service for various demands of consumers. In this paper, 
we propose an effective communication system for smart meter using sensor nodes for efficient power 
management in smart grid environments. We analyze the DCF based framework applicable in Wireless 
Sensor Networks using both basic access method and RTS/CTS access method. We design a new 
approach for the DCF based Medium Access Control Mechanism (MAC), which will synchronize with 
the neighbors at the end of transmission. The performance evaluation of the proposed method is done 
using NS-2 simulations and is compared with the most common WSN protocol Sensor-MAC (S-MAC). 
The simulations results show considerable improvements over S-MAC.  
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INTRODUCTION 

 
In recent years, power grids are experiencing revolutionary changes through technological transformation. 

One important development of smart grid is that electric appliances can receive real-time power price via 
communication networks and optimize its power consumption level according to the current power price. Then, 
the power utilization efficiency is significantly improved and the global energy consumption is reduced to meet 
the demands of global challenges. In smart grid, a key challenge is how to adapt the communication network to 
the context of power price transmission. Obviously, the data flow of power price cannot be elastic since it 
should be real-time; otherwise, it may incur a significant loss if the expired power price is used. Therefore, the 
data transmission of power price must be equipped with quality of service (QoS) guarantee. The basic power 
control protocol uses maximum power level for various data communications over smart grid environments 
(Husheng Li and Weiyi Zhang, Di Wang, Zhifeng Tao, ). In this paper, we propose a power management 
protocol called as Smart Power Adjustment Method (SPAM) which allows smart meters dynamically adjusting 
power level for transmitting DATA/ACK according to the distance between the transmitter and its neighbor 
nodes. In addition, the power level for transmitting RTS/CTS is also adjustable according to the power level for 
DATA/ACK Packets. Our approach is based on an RTS–CTS handshake in the context of IEEE 802.11 (P. 
Venkata Krishna, et al., 2010; P. Venkata Krishna et al., 2008; P.Venkata Krishna et al., 2008; P. Venkata 
Krishna, et al., 2009). Different power levels among different nodes introduce asymmetric links. Therefore, 
RTS and CTS are transmitted using the highest power level and DATA and ACK are transmitted using the 
minimum power level necessary for the nodes to communicate. IEEE 802.11 standard defines two mechanisms 
to access a channel: Distributed Coordinated Function (DCF) and Point Coordinated Function (PCF). The DCF 
is contention-based scheme, which uses CSMA/CA as the access mechanism and is a fully distributed protocol 
(P. Venkata Krishna, et al., 2010; P. Venkata Krishna et al., 2008; P.Venkata Krishna et al., 2008; P. Venkata 
Krishna, et al., 2009). The PCF is a contention-free scheme, which uses an access point (AP) as the coordinator 
and is centralized protocol. In this paper we consider the power saving mechanism of the DCF method.  A 
power control mechanism that can be incorporated into the IEEE 802.11 RTS–CTS handshake is proposed in 
(E.Jung and N.H.Vaidha, 2005). The scheme in (E.Jung and N.H.Vaidha, 2005) allows a node, A, to specify its 
current transmit power level in the transmitted RTS, and allows receiver node B to include a desired transmit 
power level in the CTS sent back to A. On receiving the CTS, node A then transmits DATA using the power 
level specified in the CTS. This scheme allows B to help A choose the appropriate power level, so as to 
maintain a desired signal-to-noise ratio. A similar protocol is utilized in (P. Venkata Krishna, et al., 2009), 
wherein the RTS and CTS packets are sent at the highest power level, and the DATA and ACK may be sent at a 
lower power level. We refer to this scheme as the BASIC power control MAC protocol. We found that the 
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BASIC scheme has a shortcoming that can degrade the throughput. Furthermore, the BASIC scheme may 
potentially increase the energy consumption, instead of decreasing it.  

A power control protocol presented in (E.Jung and N.H.Vaidha, 2005). is also similar to the BASIC scheme. 
It maintains a table for the minimum transmit power necessary to communicate with neighbor nodes. This 
scheme allows each node to increase or decrease its power level dynamically. However, different power levels 
among nodes result in asymmetric links, causing collisions. A power control protocol proposed in (B. Chen,et 
al., 2001) uses one control channel and multiple data channels. A control channel is used to assign data channels 
to nodes. An RTS, CTS, RES and broadcast packets are transmitted through the control channel using the 
highest transmit power. By an RTS–CTS handshake, source and destination nodes decide which channel and 
what power level to use for data transmissions. On the reception of CTS, the source sends an RES to the 
destination to reserve a data channel. Then, DATA and ACK transmissions occur on the reserved data channel 
using the negotiated power level from the RTS–CTS handshake. Transmit power is controlled according to 
packet size in (P. Venkata Krishna et al., 2008; P.Venkata Krishna et al., 2008). The proposed scheme is based 
on the observation that reducing transmission power can result in energy savings, but can also result in more 
errors. A higher bit error rate can lead to increased retransmissions, consuming more energy. Thus, the protocols 
in (E.Jung and N.H.Vaidha, 2005; B. Chen, et al., 2001; J. Gomez, et al., 2001; M.Krunz and A.Muqattash, 
2004; N. Poojary, et al., 2001; S.Narayanaswamy, et al., 2002; R. Ramanathan and R. Rosales-Hain, 2000) 
chooses an appropriate transmission power level based on the packet size. An adaptive scheme is also presented 
in (E.Jung and N.H.Vaidha, 2005; B. Chen, et al., 2001; J. Gomez, et al., 2001; M.Krunz and A.Muqattash, 
2004; N. Poojary, et al., 2001; S.Narayanaswamy, et al., 2002) to choose MAC frame size based on the channel 
conditions. Wireless Sensor Networks (S.Singh and C.S Raghvendra, 1998; Muneeb Ali, et al., 2006; Rajgopala 
Kanan, 2003; Nirupama Bulusu, Kaushik R. Chowdhary, et al., 2008; Giuseppe Anastasi, et al., 2008; Feng 
Zhao and Leonidas J. Guibas; Wei Ye, et al., 2002; Shu Du, et al., 2007; Li Fangmin, Wang Hui, 2006; Jaesub 
Kim, 2007; Mark A. et al., Xiaolei Shi and Guido Stromberg, Canfeng Chen, Jian Ma, 2006; Giuseppe Bianchi, 
2000; Eun-Sun Jung, Nitin H. Vaidya, 2002; Kurtis Kredo and Prasant Mohapatra,) (WSN) plays major role in 
various fields such as environment monitoring, surveillance systems, security, military applications, medical 
systems etc. The growth of WSN is increasing day by day as many applications need the use of WSN including 
smart grids. Providing efficient channel access is an important aspect of WSN. The main focus of WSN is to 
save energy with efficient utilization of available resources.  In this paper, we aim to design an efficient MAC 
protocol for smart grids based on WSN environment with a focus on efficient channel access with energy 
conservation.  

The most popular media access protocol used for WSN is Sensor-MAC (S-MAC) in which periodic listen 
and sleep technique is used. In S-MAC, each node sleeps for some time and the wakes up to listen for any other 
nodes want to communicate or not. The sleep and wake up methods follows duty cycle schedules.  While 
sleeping, the node turns off the radio and sets a timer to wake up later in a fixed time. Radio is the most power 
consuming device in sensor nodes. Before each node starts its periodic listen and sleep, it needs to choose a 
schedule and distribute among the neighbor nodes. A node strats data transmission only after getting the CTS 
(Clear To Send) control packet for its RTS (Request To Send) packet. The sleep and listen schedules should be 
distributed in such a way that no node in the network will suffer from collisions. This is an interesting problem 
of optimization. Collisions may take place when many senders want to use a same receiver at the same time and 
collision avoidance is necessary to improve the performance of WSN. In S-MAC, there is a field in each 
transmitted packet that contains the information that how long the remaining transmission will be continued. So, 
if a node receives a packet destined to another node, it knows how long it should keep in sleep mode. The node 
records this value in a variable called the Network Allocation Vector (NAV) and sets a counter for this NAV. 
According to the time is passing, the node decrements the NAV value until it reaches zero. When a node has 
data to send, it first checks at the NAV. If its value is not zero, the node decides that the medium is busy. This 
phenomenon is called as virtual carrier sense. Physical carrier sense is performed at the physical layer by 
listening to the channel for possible transmissions. The medium is determined as free if both virtual and physical 
carrier sense indicates that it is free. All senders perform this carrier sense before initializing any transmission. If 
any node won’t get the medium, it goes for sleeping and wakes up when the receiver is free and starts listening 
again. S-MAC protocol implements DCF but it has limitations such as latency and network contention.  

In this paper, we propose to implement modified version of S-MAC protocol. Our approach is to use CTS 
packet to carry information about future sleep schedules of the nodes which will reduce sending more number of 
control packets. Thus, modified version of our protocol would be energy efficient with low latency. The packet 
delivery latency of proposed protocol with respect to the hop count will be less than the S-MAC protocol. The 
average power of sensors with respect to number of packets will be measured with the proposed protocol and 
will be compared with S-MAC.  

 
Background: 
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IEEE 802.11 specifies two medium access control protocols, PCF (Point Coordination Function) and DCF 
(Distributed Coordination Function). PCF is a centralized scheme, whereas DCF is a fully distributed scheme. 
We consider DCF in this paper.We now define the terms transmission range, carrier sensing range and carrier 
sensing zone which are used in the rest of the paper. 

• Transmission range. When a node is within transmission range of a sender node, it can receive and 
correctly decode packets from the sender node. In our simulations, the  transmission range is 250 m when using 
the highest transmit power level. 

• Carrier sensing range. Nodes in the carrier sensing range can sense the sender’s transmission. Carrier 
sensing range is typically larger than the transmission range, for instance, two times larger than the transmission 
range. In our simulations, the carrier sensing range is 550 m when using the highest power level. Note that the 
carrier sensing range and transmission range depend on the transmit power level. Since carrier sensing range 
includes the transmission range, we now define carrier sensing zone which excludes the transmission range 
from the carrier sensing range. 

• Carrier sensing zone. When a node is within the carrier sensing zone, it can sense the signal but cannot 
decode it correctly. Note that, as per our definition here, the carrier sensing zone does not include transmission 
range. Nodes in the transmission range can indeed sense the transmission, but they can also decode it correctly. 
Therefore, these nodes will not be in the carrier sensing zone as per our definition. The carrier sensing zone is 
between 250 m and 550 m with the highest power level in our simulation. Figure 1 shows the transmission range, 
carrier sensing range, and carrier sensing zone for node C.1 when node C transmits a packet, B and D can 
receive and decode it correctly since they are in transmission range. However, A and E only sense the signal and 
cannot decode it correctly because they are in the carrier sensing zone.           

 

 
Fig. 1: Describes the three basic maximum packet transferring range. Node in carrier sensing Zone can only  
            sense a transmission 

 
The DCF in IEEE 802.11 is based on CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance). 

Carrier sensing is performed using physical carrier sensing (by air interface) as well as virtual carrier sensing. 
Virtual carrier  sensing uses the duration of the packet transmission, which is included in the header of RTS, 
CTS, and DATA frames. The duration included in each of these frames can be used to infer the time when the 
source node would receive an ACK frame from the destination node. For example, the duration field in RTS 
includes time for CTS, DATA, and ACK transmissions. Similarly, the duration field for CTS includes time for 
DATA and ACK transmissions, and the duration field for DATA only includes time for the ACK transmission. 

Each node in IEEE 802.11 maintains a NAV (Network Allocation Vector) which indicates the remaining 
time of the ongoing transmission sessions. Using the duration  information in RTS, CTS, and DATA packets, 
nodes update their NAVs whenever they receive a packet. The channel is considered to be busy if either 
physical or virtual carrier sensing indicates that the channel is busy. Figure 2 shows how nodes in transmission 
range and the carrier sensing zone adjust their NAVs during RTS–CTS–DATA–ACK transmission. SIFS, DIFS, 
and EIFS are interframe spaces (IFSs) specified in IEEE 802.11. Note that in figure 2 the lengths of RTS, CTS, 
DATA, and ACK do not exactly represent the actual sizes.IFS is the time interval between frames. IEEE 802.11 
de fines four IFSs – SIFS (short interframe space), PIFS (PCF interframe space), DIFS (DCF interframe space), 
and EIFS (extended interframe space). The IFSs provide priority levels for accessing the channel. The SIFS is 
the shortest of the interframe spaces and is used after RTS, CTS, and DATA frames to give the highest priority 
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to CTS, DATA and ACK,respectively. In DCF, when the channel is idle, a node waits for the DIFS duration 
before transmitting any packet. 

In figure 2, nodes in transmission range correctly set their NAVs when receiving RTS or CTS. However, 
since nodes in the carrier sensing zone cannot decode the packet, they do not know the duration of the packet 
transmission. To prevent a collision with the ACK reception at the source node, when nodes detect a 
transmission and cannot decode it, they set their NAVs for the EIFS duration. The main purpose of the EIFS is 
to provide enough time for a source node to receive the ACK frame, so the duration of EIFS is longer than that 
of an ACK transmission. As per IEEE 802.11, the EIFS is obtained using the SIFS, the DIFS, and the length of 
time to transmit an ACK frame at the physical layer’s lowest mandatory rate, as the following equation: EIFS = 
SIFS+ DIFS+(8ACKsize)+PreambleLength+LCPHeaderLength]/BitRate, where ACKsize is the length (in 
bytes) of an ACK frame, and BitRate is the physical layer’s lowest mandatory rate. Preamble Length is 144 bits 
and PLCPHeaderLength is 48 bits (Wei Ye, 2002). Using a 1 Mbps channel bit rate, EIFS is equal to 364 µs.  

 

 
 
Fig. 2: Timing diagram for transmitter and receiver node in IEEE 802.11 MAC Protocol 

 
Shu Du et al. has proposed Routing enhanced MAC (RMAC) protocol. This protocol can deliver a data 

packet multiple hops in a single operational cycle using cross layer information. During the sleep period in 
RMAC, an intermediate node for a data packet goes to sleep first and then automatically wakes up when its 
neighbor node has the data packet ready to transmit to it. After the data packet is received by this intermediate 
node, it also can immediately forward the packet to its next node as that node has also just woke up and is ready 
to receive the data packet. RMAC can thus deliver a data packet much faster without sacrificing the energy 
efficiency achieved by the duty-cycle mechanism in S-MAC. RMAC can efficiently handle traffic contention by 
moving the contention traffic quickly away from the contention area. RMAC is able to make multiple 
transmissions in a single sleep period, when a burst of traffic occurs.Instead of using a pair of RTS and CTS 
frames between two nodes, RMAC uses a series of control frames, called PIONs (Pioneer frames) Shu Du et al, 
across multiple hops. A PION is used to request communication, like an RTS frame, and to confirm a request, 
like a CTS frame. Most importantly, a node transmits a single PION to confirm receipt of a PION from its 
previous node and to simultaneously request communication from a downstream node. This dual function makes 
the multihop to relay of the PIONs very efficient. When a node has to send data, the node initiates its request at 
the start of a DATA period. For example, if a source node S has data to send to some destination, node S first 
picks a random period from the contention window and waits for the medium to be quiet for that period and an 
additional DIFS period before sending a PION to the next-hop node A. This PION includes all fields as in an 
RTS, such as current node’s address, next-hop address, and the duration of the transmission. More importantly, 
the PION also includes some cross-layer information. The data relaying process is very much like a pipeline 
process. The control sequence in RMAC is different than the other wireless MAC protocols, because the PIONs 
transmissions will be there. The NAV in RMAC records segments of time, rather than a single duration when 
the medium is considered busy. All nodes that overhear a PION set a segment in their NAV based on the DATA 
Duration and the hop count i in the PION. But we can avoid the RMAC PION frame relay to the whole networks. It 
will definitely take more time for total DATA Duration. The total time duration for ACK and data transfer will be 
more for RMAC when compred with S-MAC CTS-RTS mechanism because RMAC will take whole hop count 
included for sending the PIONs before the data transfer.  

Krishna, P.V. et al [3-6] proposed one technique called sequencing MAC protocol for wireless networks. 
Actually, RTS/CTS control packet delays in Delivery. As of RTS has been generated due to hidden terminal 
problem, but it introduced exposed node problem and mask node problem. Before any node sends RTS, it 
checks the channel is idle or not. But in a single moment there can be more number of nodes who senses the 
channel idle. So, the collision occurs and the node will go for back off delay. Here they have developed a 
procedure to discard RTS packets. First they have grouped the RTS packets in a equal number in a sequence and 
then from there they has discarded the RTS sequentially. Here RTS overhead will reduce means the 
performance will improve. By dropping RTS packet, it can be refrained from initiating a data transfer from one 
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node to another, which can be created data packet collision. Dropping RTS avoids such situations and the 
concept of sequencing is implemented for the above-mentioned reasons. With increasing the value of sequence 
and number of nodes, lesser number of RTS packets is dropped. So it makes the system coverage a steady state. 

 
System Model: 

 

 
Fig. 3: System Model 

 
The Smart Power Adjustment Method is developed based on the information and its corresponding 

communication in smart grids as shown in Fig. 5. It is very important for smart grids to achive efficient data 
communications between various components of smart grids such as energy providers, power distributors, smart 
meters and consumer devises. With the deployment of SPAM in smart grid, we are in a position to achieve not 
only power saving data transfer mechanism but also we could develop an efficient power management system 
due to the fact that SPAM ensures that timely communication amongst various components of smart grids.The 
proposed MAC protocol is developed based on S-MAC in which a Future-RTS (F-RTS) is used instead of PION 
frame forwarding Shu Du et al., (2007) or LAS-MAC (Jaesub Kim, et al., 2007).  

 

 
 

Fig. 4: M-SMAC Basic Framework. 
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In M-SMAC, the CTS frame is modified by adding some extra information. As like RTS, the CTS will 
contain nodes address, next hop address and the duration of the transmission. The next node will receive the 
CTS or the F-RTS and it will set the NAV counter. But when the NAV value gets 0, it will send CTS to the 
previous node directly, it won’t do synchronization again. It can be observed from Fig. 1 that first all nodes will 
perform synchronization and every node will be awake during this period. Let us assume that A wins the 
contention and A will send the data to D. When A and B wins the contention, then C and D will make the radio 
sleep. But for C and D the transceiver will on at that time. Now A will send the RTS to B after DIFS time period 
to recheck the contention is empty.  B will send the CTS after SIFS time. At that time this CTS or F-RTS will 
reach to the neighbor node C. Now C will set NAV and it will make the transceiver device to sleep. At that time 
again A will wait for SIFS time and then it will send the DATA packet to B. If B receives the DATA packet 
correctly, B will send the ACK to A after SIFS time period. And as C is the intermediate node of A and D, C 
wakes up and sends the CTS to B. This time C will not wait for extra SIFS time. At this time A will set the 
NAV counter because it knows that how many hop count it will travel and it will keep the radio also in sleep 
mode. Again that D will get the F-RTS from C and D that set the NA V counter. Now B will send the DATA 
packet after SIFS time period to C. Then B will wait for SIFS time and it will send the DATA packet to C. If C 
receives the DATA packet correctly, C will send the ACK to after SIFS time period. Here B again makes sleep 
to the radio and the transceiver and set the NAV counter. D will send the CTS and again after finishing the all 
data processing between C and D, All the nodes wake up and synchronize again. 

The protocol M-SMAC follows few functions. Those are mentioned below:  
 At the start up time each node listens for a fixed SYNC period and then tries to send out a SYNC 

packet. It suppresses sending out of sync pkt   if it happens to receive a sync pkt from a neighbor and follows the 
neighbor's schedule. 

 The protocol senses both virtual and physical carrier sensing. 
 It uses RTS/CTS for hidden terminal problem 
 If it fails to win the contention it performs backoff and retry 
 During multicast packets are forwarded directly without using RTS/CTS/ACK in the intermediate node. 
 ACK is used for each intermediate nodes delivery for immediate error recovery. 
 Each node follows a periodic listen/sleep schedule 
 To prevent that two neighbors can not find each other due to following complete different schedules, 

each node periodically listen for a whole period of the SYNC period. 
 
Algorithm:  

Step 1: Set the SYNC Wait Timer for each node; If SYCN Wait timer expires, then goes to Step 2,  Else Go 
to Step 3 

Step 2: Receive SYNC messages and schedule the SYNC schedule table. 
Step 3: Set Contention Window Timer. If the sender is alone in the queue to send data it will win the 

Contention window from Neighbor or it will take the contention window by the priority. If it won’t win the 
contention it will perform back off. Else go to Step 4. 

Step 4: The node that will send data set DIFS Timer. If it will sense any activity within Contention Window 
from Neighbor the sender will lost the contention and performs back off. Or else it will go to step 5. 

Step 5: The sender node will send the RTS to check that the next node can receive the DATA at that 
particular time. The receiver node will check the schedule tables if it can’t receive the DATA it will not respond 
to the RTS or else it go to next step. 

Step 6: It sends the CTS or Future RTS to the sender after a time period of SIFS. The sender of the RTS 
will receive the CTS along with the hidden terminals. For RTS it will go to step 7 for Hidden terminal it will go 
to step 8. 

Step 7: The sender will send the DATA after a time period of SIFS.  
Step 8: The hidden terminal will check the schedule table and sets the NAV schedule and goes to sleep state. 

If the node is the intermediate node it will wake up when NAV is 0 and send CTS directly to the node. 
Step 9: The After receiving the DATA the intermediate node will send the ACK to the sender after SIFS 

time. The sender will sleep and set NAV.  
Step 10: If it this sender is the receiver go to step 1 or else go to step 6. 
 In DCF, each node must maintain a counter to count the number of data frames transmitted continuously 

during any transmission burst. Suppose the counter is called TB. Initially, TB counter is set to 0, and is 
increased with the continuous transmission of data frames. But for TB, there should be a upper limit. The node 
will check the intermediate queue to determine whether there are any other data packets with the same 
destination node before a transmission. If such data packets exist, and the counter did not reach the maximum 
limit of the TB counter’s upper limit, then the source node will set the duration/Id field in the data frame ready 
to be transmitted with the total duration of the next DATA and ACK, i.e. the duration can be calculated as 
follows:      
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         DATA Duration = (3 * TS) + TD + (2 * TACK) -- (1) 
          Where, TS= SIFS time 
                       TD = data time  
                       TACK= ACK time 
Other nodes that can listen to the data frame will reset their NAV with the Duration/id in the data frame. So 

the data frame can act as a RTS to reserve the channel for the next data frame 
.When the destination station receives a data frame successfully; it should respond an ACK frame to the 

source node. According to basic DCF, the Duration/id field in the ACK will be set based on the duration value 
in Duration/ID field of the data frame: 

ACK Duration = (DATA Duration – TACK –TS) -- (2) 
For RTS – CTS Access method also like that DIFS and SIFS time period will be maintain after winning the 

contention. So, here also latency will be less.  
If we consider RTS-CTS access method then, 
ACK Duration = (3 * TS) +Td + TACK  -------------- (3) 
And the DATA Duration = (2*TS) + TACK---------- (4) 

 
The ACK acts as a CTS frame in RTS-CTS access method. Other nodes that can hear the ACK will reset 

their NAV with this duration. Thus when the source node receives the ACK successfully, it shall be allowed to 
transmit the next data frame continuously. When there is no more a data packet with the same destination in the 
interface queue of the source node, or the number of data frames transmitted continuously in the TB has reached 
the relevant transmission limit, the source station set the Duration/ID field of the data frame ready to transmit 
with So the Duration/ID of the ACK frame to be responded by the destination node will be 0. The TB will end, 
and the counter will be reset to 0. New channel contention will start after the source node receives the ACK 
frame successfully. 

According to general method if any data will be undelivered to any intermediate node or the destination 
node, the ACK won’t be sent. So the source or the intermediate node will send the data again. If the data will be 
long then the data will be fragmented in packets and will be sent. For each fragmented packet one ACK should 
be send, because whole message transfer will be more energy conservative.   

If we calculate the ACK Duration and data duration for A to B node, it comes like, 
ACK Duration = (3 * TS) +TD + TACK --------------- (5) 
And the DATA Duration = (2 * TS) +TACK---------- (6) 
So, for multi hop communication in next node it will be added till destination the rest will be added. 
We have used three types of scenarios (Shu Du, et al., 2007) in the simulation. These are chain scenario 

(Shu Du, et al., 2007), cross scenario (Shu Du, et al., 2007), and realistic scenario (Shu Du, et al., 2007). All 
nodes are equally spaced in a straight line, and neighboring nodes are placed 200 m apart. One single CBR 
(constant bit rate) flow sends packets from the node 0 to the node n. The length of the chains varies from 1 hop 
to 24 hops. The chain scenario helps to understand the basic multi-hop delivery. In cross scenario two straight 
chains of nodes crossed each other at a center node. The two chains are of same length, and the single node at 
the crossing point is shared by the two chains. The length of the chains must be of an even number of hops. All 
the neighboring nodes are placed 200 meters apart as well. There are two CBR flows; each one will flow from 
one end to another end of the chain of nodes. The two CBR flows generate packets at the same time and at the 
same rate, and thus their traffic contends with each other at the center. The length of the two chains is varied 
from 2 hops to 24 hops. Cross scenarios are used to study the protocols for basic inter-flow contention. A 
realistic scenario composed of 200 sensor nodes and a sink node. The 200 sensor nodes are uniform randomly 
distributed in a 2000 m by 2000 m square area, and the sink node is located at the top right corner of the square. 
The maximum path length from a sensor to the sink is 15 hops, and most of the sensors are about 7 to 13 hops 
from the sink. All traffic in the network is from a sensor node to the sink, generated as follows: at a periodic 
interval, a random sensor node is selected to send one data packet to the sink node. If a node is selected to send a 
packet, it is taken out from the selection pool. If the selection pool becomes empty, which means each of the 200 
nodes has sent a data packet to the sink, and then the selection pool is reset to contain all 200 nodes. 

To evaluate the proposed design of M-SMAC, We have used NS-2 simulator. Here We have used the 
version of ns2.32.  

 
Table 1: Default values of Key Parameters used in the scenarios 

Key Parameters Default Values 
Routing Protocol DSR 
Radio Propagation Model Two Ray Ground 
Interface Queue Type Drop Tail Pri Queue 
Antenna Model Omni-directional Antenna 
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Table 1 describes the parameters which generally can be changed according to the network scenario. 
Routing protocols here have used Dynamic Source Routing (DSR) Protocol (Eitan Altman and Tania Jimenez, 
2003). This protocol is based on ad hoc networks. The protocol works “on demand”, i.e. without any periodic 
updates. Here we have used Two Ray Ground Radio Propagation Model. And the Interface Queue type is Drop 
Tail Pri Queue. And the antenna model is Omni-directional.   

 
Table 2: Default values of network parameters  

Network Parameters Default Values 
Bandwidth 20 Kbps 
Rx Power 0.5 W 
Tx Range 250 m 
Tx Power  0.5 W 
Idle Power 0.45 W 
Sleep Power 0.05 W 
Contention Window (CW) 64 ms 
DIFS 10 ms 
SIFS 5 ms 

 
In Table 2 the values of the parameters are in build according to NS-2.32. In the simulations, the traffic 

loads are generated by CBR flows, and all data packets are size of 50 bytes each. Intermediate nodes do not 
compress data. The application data processing at any node can be finished within a SIFS period; thus, data 
processing introduces no extra delivery delays. 

The transmission latencies (Shu Du, et al., 2007) has been calculated as in Table 3 are calculated as: 
Frame Duration = ( p + (Frame Size · E) ) / Bandwidth + 1 ms -------- (10) 
Where, the default 5 bytes for the preamble size p and the default encoding ratio E of 2 in the simulations. 

And RTS Duration and CTS Duration are the transmission latencies of the RTS and CTS frames, respectively. The 
duration of the DATA period in SMAC is calculated as equation (4). But previously it did not calculated CW, 
CTS-RTS frame delay and DIFS time. So, if we add these things, the DATA Duration will be, 

DATA Duration = (2*TS) + TACK + TCW + TDIFS + CTS Duration + RTS Duration---------- (11) 
Where,  TCW = Contention Window time, TDIFS = DIFS time.  
In the simulations, we chose hop count n = 4, Then the S-MAC total DATA Duration will be 4* DATA Duration. 

But for the M-SMAC the DATA Duration will be same for the first hop. Total hop the DATA Duration will be DATA 
Duration + (n-1) * ( (2 * Ts) + Td) . Here n is 4. 

 
Table 3: Transmission Duration Parameters 

Frame  Frame Size (Bytes) Tx Latency(ms) 
RTS/CTS 10 11.0 
ACK 10 11.0 
DATA 50 43.0 

 
Finally, the duty cycle (Shu Du, et al., 2007) R can be defined as the proportion of the radio awake time to 

the entire cycle time of a sensor node.  
R =T awake / T cycle = (TSYNC + DATA Duration) / (T SYNC + DATA Duration + TSLEEP) -- (12) 

 
Table 4: Cycle Duration Parameters 

MAC TSYNC (ms) DATA Duration (ms) TSLEEP (ms) TCYCLE (ms) 
S-MAC 55.2 468  3760 4287.2 
M-SMAC 55.2 276 4609 4940.2 

 
The duty cycle related settings are shown in Table 4 for hop count 4.  
In the simulation all the nodes in the network have already been synchronized to use a single wake-up and 

sleep schedule. There is no synchronization traffic during the simulations, but nodes still wake up at the 
beginning of the SYNC period and listen to the medium. Also, we do not include any routing traffic in the 
simulations, as we assume the existence of a routing protocol deployed to provide the shortest path between any 
two nodes. 

The total architecture of my proposed system consists of 3 network scenarios, M-SMAC protocol 
generation. And adding these features in NS-2.32 bundle and simulate and evaluate the performance. Figure 12 
is the overall architecture scenario. 

   
RESULTS AND DISCUSSIONS 

 
The proposed system is simulated using NS-2. The simulation parameters are shown in Table.1. For 

performance evaluation I have chosen two parameters. Those are latency evaluation and energy evaluation.  



Aust. J. Basic & Appl. Sci., 6(8): 215-227, 2012 

223 

Latency Evaluation: 
In this section, we have evaluated the performance of end-to-end delivery latency. A light traffic load has 

been implemented for sensor networks. For the chain and cross scenarios, each CBR flow generates a traffic 
load of 100 packets at the rate of 1 packet every 50 seconds. The entire simulation runs for 5500 seconds of 
emulation time.  

For the chain and cross scenarios, how the average packet delivery latency varies with the path length. For 
the chain scenarios, delivery latency in S-MAC increases as the hop count of the path increases. But for M-
SMAC delivery latency will be less according to S-MAC. This shows the benefit of M-SMAC capability of 
multi-hop delivery within a single cycle. This capability has been presented in Table 5. Using the cases of the 
24-hop chain and cross scenarios, the last two columns in the table show the total number of operational cycles 
needed for a packet to finish the 24-hop delivery and the average number of hops over which a packet can be 
forwarded in a single cycle. Because for the first hop (from node_ (0) to node_ (1)), S-MAC does not need a full 
cycle to deliver the packet. Depending upon when the data packet is generated at node_ (0), node_ (0) may be 
able to send the packet to 1 immediately, if a data packet is generated during a DATA period. Otherwise, node_ 
(0) must wait for the start of the next DATA period. 

 
Table 5: Result of network scenario 
MAC Scenario Latency (Seconds) T Cycle 

(Seconds) 
Latency/(TCycle) 

(Cycles) 
(PathLength-TCycle)/Latency 

(hops/cycle) 
SMAC Chain 90.02 4.2872 22.99 1.14 
SMAC Cross 112.63 4.2872 26.24 0.91 
M-

SMAC 
Chain 45.87 4.9402 9.27 2.56 

M-
SMAC 

Cross 53.25 4.9402 10.76 2.22 

 
Energy Evaluation: 

Here we evaluated the energy efficiency of SMAC and M-SMAC. Like the previous scenario, we have used 
the typical light traffic load in a 24-hop chain, 24-hop cross, and the realistic scenarios. I have varied the traffic 
load up to 100 packets in each topology, and from that we can observe the average sensor power consumption 
during the entire simulated time. If the simulation has multiple packets to send, then for the chain and cross 
scenarios, each CBR flow generates traffic load at the rate of 1 packet every 50 seconds. For the realistic 
scenario, the periodicity of data generation is also 50 seconds. Each simulation runs for 5500 seconds of 
simulated time.  

The outputs are the graphs compared with both the protocol SMAC and M-SMAC. The chain scenarios 
between S-MAC and M-SMAC in Fig. 6 is the shape of their curves. In S-MAC, as the path length increases, 
the end-to-end delivery latency increases linearly, with very little fluctuation, since S-MAC forwards the data 
packet with a fixed rate of 1 hop per cycle. However, in M-SMAC, the number of hops over which data can be 
forwarded in each cycle depends on the random back off selected by the source node. Therefore, the curve for 
end-to-end latency for M-SMAC has more fluctuations and larger error bars. For the chains shorter than 5 hops, 
the fluctuations in M-SMAC’s latency are much smaller than those for longer chains, because for shorter chains 
all the packets can reach their final destinations within a single cycle.  

Fig. 6 also shows the latency results of S-MAC and M-SMAC in the cross scenario. Traffic contention has 
much less impact on M-SMAC than on S-MAC; the gap between the chain curve and the cross curve is much 
wider in S-MAC.  Since the carrier sensing range is 550 meters in our simulations, a data packet in our cross 
scenario must be more than 3 hops away from the crossing point in order to avoid any potential interference 
from the other flow. M-SMAC is efficient in helping packets get through the contention area quickly, and 
further away, thus avoiding the contention.  

In a cross scenario, when two packets from the two flows arrive simultaneously at the contention area in the 
center, one of them wins and go further first. This winning packet immediately goes several hops away so that in 
the next operational cycle, the contention is already removed from the crossing area, and the two packets can be 
delivered along their respective paths.  
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Fig. 6: Delivery Latency in chain and cross scenario 

 

 
Fig. 7: Delivery Latency in realistic scenario 

 
Fig. 7 shows the results of our latency evaluation for realistic scenarios. Because the data generation 

interval of 50 seconds is long enough for an earlier generated packet to be delivered to the sink before the next 
packet is generated, there are no competing flows in the network. Comparing the results in Figure 24 with the 
chain scenario results in Fig. 6 (for chains shorter than 16 hops), they are almost of the same shape, except that 
in the realistic scenarios, the curves of both S-MAC and M-SMAC have greater fluctuations than in the chain 
scenarios due to the small sample size in the realistic scenario. 

Fig. 8 shows the average power over all the sensors in the chain and the cross scenario. Average power 
consumed is calculated by dividing the total energy consumed by the sensors by the total simulated time. When 
there is no traffic in the network, nodes in M-SMAC consume the same energy as like in S-MAC. This is 
because both use the same duty cycle ratio R, thus having the same power efficiency. As the traffic load 
increases, both M-SMAC and S-MAC increase their energy consumption, but M-SMAC has a smaller rate of 
increase than does S-MAC. This is because M-SMAC has better concise control frame sequence than does S-
MAC. For a multihop delivery of a packet, sensors in M-SMAC transmit only about half as many total control 
frames. Less transmitting also implies less receiving or overhearing, which further increases the energy 
efficiency of the entire network with M-SMAC. In S-MAC, however, since the data frame is transmitted right 
after the CTS is received, part of the data frame transmission may happen in the DATA period, and so all the 
neighboring sensor nodes spend energy to overhear the transmission.  
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Fig. 8: Average Power of sensors in the 24 hop chain and cross scenario. 

 
Fig. 8 also shows the impact that traffic contention has on energy efficiency. Both M-SMAC and S-MAC 

consume more energy in cross scenarios than in chain scenarios, although the gap between the chain curve and 
the cross curve in S-MAC is much wider than in M-SMAC. In a cross scenario, it is always a node in the 
crossing area that consumes the most energy, which is shown in the figure as the upper limit of the error bars. 
For the maximum average power value, S-MAC has a large increase in cross scenarios over the chain scenarios 
of the same path length. A sensor network’s lifetime is actually decided by lifetime of the bottleneck links, in 
this scenario, the nodes that are in the crossing area. Therefore, M-SMAC’s efficient contention handling, 
together with its energy efficient control sequences, can help to prolong the lifetime of the network.  

 

 
 
Fig. 9: Average Power of sensors in the 24 hop realistic scenario 

 
Fig. 9 shows the average power of sensors in the realistic scenario. M-SMAC is more energy efficient than 

S-MAC in the realistic scenario. Many nodes do not participate in packet forwarding as much as the nodes in the 
chain or cross scenarios. Nodes in the bottleneck link, such as the one-hop neighbors of the sink, still consume 
similar amounts of energy as the ones in the cross scenario, and are shown as the upper limits of the higher error 
bars 
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Conclusions: 
The focus of this paper is on the design of power control sensor based MAC protocol for smart grids. A 

system model for smart grid is presented and the same is evaluated for power management. The efficient use of 
dynamic MAC helps the smart grids in conserving energy and for better management of power resources. The 
SPAM approach has been evaluated by simulations under NS-2 and compared with other MAC protocols. It has 
been shown from the simulation results that SPAM offers a very good energy efficiency and throughput when 
compared to other methods. The future scope of this work would be how to minimize the energy using SPAM 
for various scenarios of smart grid as the paper limits the study on improving the communications of smart grid 
systems.  
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