
 1 

SOME INVESTIGATIONS ON CROSS LAYER OPTIMIZATION RELIABLE 

END TO END QOS SUPPORT FOR HMAC IN WSN 

1
Dr.S.AnbuKaruppusamy, 

2
S.D.Vijayakumar 

1
Professor, 

2
Research Scholar& Assistant Professor / Department of ECE 

1
Excel Engineering College, Komarapalayam, Namakkal, Tamilnadu 

2
Builders Engineering College, Kangayam, Tirupur 

ABSTRACT  

 

Efficient hybrid medium access control (HMAC) protocol with an embedded cross-layer 

optimization solution to provide routing-layer coarse-grained end to- end quality-of-

service (QoS) support for latency-sensitive traffic flows. A novel channel-reservation 

technique is proposed to significantly reduce the end-to-end delay for delay-sensitive 

traffic flows by allowing packets to go through multiple hops within a single medium-

access control (MAC) frame and by also giving them higher priority channel access to 

reduce possible queuing delay. Our proposed protocol (HMAC) combines energy-

efficient features of the existing contention-based and time-division multiple access 

(TDMA)-based MAC protocols and adopts a short frame structure to expedite packet 

delivery.  

  

1. INTRODUCTION 

 

Large-scale wireless sensor networks have a significant potential in applications such as 

monitoring of natural and man made environmental phenomena and events, but this 

potential may be limited due to the limited battery capacity of sensor nodes. Many 

traditional wireless MAC protocols used in wireless ad hoc networks, such as IEEE 

802.11, requires a wireless device to remain awake to monitor the medium, even when 

the node is not transmitting or receiving a packet. Since a typical sensor network 

application usually generates very light traffic on the network, this idle-listening 

mechanism is very inefficient and wastes significant energy. To mitigate this energy 

consumption of idle listening, duty cycling mechanisms have been introduced in sensor 

network MAC protocols. The listening period, in which the node’s radio is enabled, is 

divided into a SYNC period and a DATA period. During the SYNC period an 

independent synchronization protocol is used to synchronize the clocks of the sensor 

nodes, so that they can be awake simultaneously with their neighbors. During the DATA 

period packets from applications can be sent. Similar to IEEE 802.11,S-MAC uses the 

RTS/CTS mechanism to avoid collisions between multiple transmitting nodes, and when 

a node receives a data packet, it returns an ACK to the sender. Existing medium access 

control (MAC) layer solutions for WSNs generally aim at reducing energy waste due to 

channel idle listening and overhearing. In most of these solutions, per-hop latency is 

compromised in favor of energy efficiency, thus deteriorating end-to-end communication 

delay.  

Without considering the performance requirements at upper layers, an energy-efficient 

MAC solution for WSN may not be optimal from the holistic networking and 

applications perspective where end-to-end latency is sometimes an important 

consideration In this paper, we present a new MAC protocol, which is referred to as 
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hybrid MAC (HMAC), which is suitable for WSNs in terms of energy efficiency, latency, 

and design complexity HMAC combines channel-allocation schemes from existing 

contention-based and time-division multiple-access (TDMA)- based MAC protocols to 

allow the realization of tradeoffs between different performance metrics. It uses a short 

slotted frame structure and a novel wakeup scheme to achieve high energy performance, 

low delivery latency, and improved channel utilization. Compared with existing TDMA-

based MAC protocols, HMAC is simple and scalable since each node does not have to 

maintain neighborhood information 

 

2. PROBLEM DEFINITION 

S-MAC by adapting the channel duty cycle based on the traffic load to the MAC 

performance. T-MAC technique to partially reduce the early sleep-problem in S-MAC. 

RMAC extends the listen period in S-MAC so that multiple Pioneer frame packets can be 

accommodated to reserve the channel and set up the corresponding data transmission 

schedules in the sleep period within a single MAC frame time.A sensor network design is 

influenced by many factors, which include, 

 Energy efficiency/system lifetime 

As sensor nodes are battery-operated, protocols must be energy-efficient to maximize 

system life time. System life time can be measured such as the time until half of the 

nodes die or by application-directed metrics, such as when the network stops providing 

the application with the desired information about the phenomena. 

 Fault Tolerance 

Some sensor nodes may fail or be blocked due to lack of power, have physical damage or 

environmental interference. The failure of sensor nodes should not affect the overall task 

of the sensor network. This is the reliability or fault tolerance issue. Fault tolerance is the 

ability to sustain sensor network functionalities without any interruption due to sensor 

node failures. 

 Scalability 

The number of sensor nodes deployed in studying a phenomenon may be in the order of 

hundreds or thousands. Depending on the application, the number may reach an extreme 

value of millions. The new schemes must be able to work with this number of nodes. 

 

3. THE PRINCIPLE OF HMAC: 

 METHODOLOGY  

3.1 Proposed HMAC mechanism 

Unicast/Broadcast data exchange between nodes can be performed as follows: 
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1) Each node turns on its radio during its own wakeup slot and sleeps during all the other 

wakeup slots. 

2) Each sender randomly picks up a data slot and announces the data slot number along 

with the receiver’s node identifier via a “WAKEUP” message in the receiver’s wakeup 

slot. 

3) Upon reception of a “WAKEUP” message, a node checks the embedded node 

identifier in the “WAKEUP” message. If it is the intended receiver, then the node turns 

on its radio for the incoming data packet in the specified data slot; otherwise, it just 

sleeps. If a broadcast address is included in the “WAKEUP” message, then all nodes 

receiving this message should wake up in the specified data slot simultaneously. 

4) If any collision occurs in a node’s wakeup slot, then the node turns on its radio for 

duration long enough to receive an RTS packet at the beginning of each data slot for a 

possible incoming data packet. If the node learns that it is the intended receiver from the 

received RTS message, then it keeps the radio on to receive the data packet; otherwise, it 

returns to sleep in the remaining period of the data slot. This way, a node can minimize 

the extra energy cost under such a situation. 

5) In each data slot, unicast data transmission must follow the well-known 

RTS/CTS/DATA/ACK scheme in IEEE802.11  to avoid the “hidden terminal problem,” 

since two senders may choose the same data slot to send data to their receivers at the 

same time, and the transmissions happen to be in a common interference range. 

SCHEDULING ALGORITHM 

Require: A Graph of Sensor Network Topology 

1: ENQUEUE (Q, S) 

2: while Q is not empty do 

3:  v           DEQUEUE (Q) 

4: wakeupSlot[v]        currentTimeSlot 

5: channel[v]         1 

6: for all flow of reservation 1-2-hop neighbor n of v do 

7: if sourcenode[n] ==  neighnode[v] or 

#Channel >= available chnls then 
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8: if wakeupSlot[v] = timeSlot[n] then 

9: timeSlot[v]        R_D_Slot[n] + 1 

10: end if 

11: else 

12: if R_D_Slot[v]=timeSlot[n] and REVchannel[v]= Resrvationchannel[n] then 

13: channel[v]            channel[n] + 1 

14: end if 

15: end if 

16: end for 

17: for all unexplored edge e of v do 

18: let w be the other unvisited endpoint of edge  

19: Sourcenode [w]          v 

20: TotREVbit[v]        Revbit[w] + 1 

21: end for 

  22: end while 

CASE: PREVENTIVE SOLUTION BY USING ROBUST ALGORTHIM: 

Noisy routes are tolerable in the sense that channel noise affects only the quality of the 

end-to-end connection, not the connectivity itself. A noisy path should be tolerated until a 

better alternative path is found. If needed, a hop-by-hop retransmission can improve the 

connection quality. 

It is consider the fact that the congestion-driven MAC loss is frequent and persistent 

during the entire course of TCP connection, an immediate reaction of a routing protocol 

to any MAC loss is costly. In the meanwhile, the congestion-driven MAC loss should be 

signaled to end users so that transport protocols can react properly to the network change. 

To account for the link failure tolerability, we introduce a generalized link failure 

sensitivity parameter, β for on demand routing protocols to control connection stability. 

The number of successive link failures L is counted, and a routing protocol takes action 
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for routing maintenance only when L exceeds a certain threshold, β which indicates the 

limit of tolerable successive link failures.  

1. If the transmission fails and L < β, the current packet is dropped, and the transmission 

is resumed for the next packet. The current route is kept intact, and the value of L is 

increased by 1.  

2. If the transmission fails and L = β, the routing agent responds to the link failure and 

sets L =0. The routing agent is free to establish a new route and perform necessary 

routing maintenance operations.  

3. Whenever a transmission is completed successfully, the routing agent resets L= 0. 

Retransmission of the same packet by the routing protocol. The routing agent sends a 

packet only once for any value of β=1. If the packet is lost after retransmission in the 

IEEE 802.11 MAC layer, the routing agent sends out the next packet without saving the 

lost packet. Later, when the end host detects the missing packet, TCP can respond to the 

MAC contention in the same way as it does to the ordinary network congestion. 

4. EXPERIMENTAL SETUP 

 

Our implementation is based on network simulator ns2.34 To evaluate our HMAC 

design, Two Ray Ground radio propagation model and a single Omni-directional antenna 

at each sensor node. The transmission and sensing ranges are set to 250 and 550 m, 

respectively we assume that each data packet is forwarded along the shortest paths 

toward the destination. our simulations and present the corresponding results. 

 

 
Figure shows that throughput based on number packet received to destination on 

time 

 

5. CONCLUSION 

 

The investigation made on QoS-based routing at the MAC layer and TCP layer. It 

presents a cross-layer optimized MAC protocol referred to as HMAC It was shown via 
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computer simulation that TCP performance can be significantly improved without 

modifying the basic TCP window or the wireless MAC mechanism. This is particularly 

suitable for WSNs in terms of energy efficiency, latency, and packet-delivery ratio. 

HMAC combines energy-efficient schemes from existing contention-based and TDMA-

based MAC protocols for WSN to improve network performance. A channel-reservation 

technique is proposed to drastically improve the end-to-end latency 
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