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ABSTRACT

Cross-Layer Based MAC Protocol Design and

Implementation in Wireless Sensor Network

Choi, Ho—Jin

Advisor : Prof. Pyun, Jae-Young, Ph. D
Department of Information and
Communication Engineering

Graduate School of Chosun University

Wireless sensor network shows variety of applications in different real world
scenarios because of their self organizing capabilities and their abilities to respond
over varying environmental conditions. With the advance of efficient sensor nodes,
the application areas have been increased considerably during the recent time. A
wireless sensor network mostly uses SMAC as medium access control. The main
features of SMAC protocol are periodic listen and sleep, collision avoidance,
overhearing avoidance, and message passing. The S-MAC can reduce the energy
consumption considerably by using these energy-saving features. In this thesis,
proposed cross—layer based sensor MAC protocol (CL-SMAC) for delay-sensitive
applications. The basic idea of CL-SMAC remains same as SMAC with the
modification in periodic listen and sleep. CL-SMAC has more opportunities to
transfer data by adjusting the transmission duty cycle. Simulation results show that
the average latency for CL-SMAC can be reduced according to the sensed data at
the delay-sensitive application. This thesis focused on faster data transfer over
wireless sensor networks by using application—aware duty cycle adjustment. For
faster data transfer, the sensor nodes must remain in the listen state for more time
or it must listen to the environment periodically. Because of this, more energy is
dissipated which lowers the energy efficiency of the sensor network. However, data
transmission occurs at a faster rate in the case of emergency situation. Therefore,
the proposed MAC protocol can be used for the delay—sensitive applications such as

subway station, train station, army, and monitoring systems

- vii -
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Fig. 2.6 Multiple connecting protocol
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Fig. 3.1 Normal situation
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Fig. 3.3 CL-SMAC protocol stack
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Fig. 3.4 CL-SMAC protocol changed duty cycle
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Fig. 3.5 CL-SMAC flow chart
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¥ 3.1 CL-SMAC dAZkdl W& duty cyclee] W3}

Table. 3.1 Duty cycle of CL-SMAC
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Table. 4.1 Simulation experiment for NS-2
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Fig. 4.3 Duty cycle factor of scenario I
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Fig. 4.4 Data latency of scenario I
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Fig. 45 Consumed energy at node 0 in scenario I
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Energy [J]
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Fig. 46 Consumed energy at node 1 in scenario I
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Fig. 4.7 Consumed energy at node 2 in scenario I
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Fig. 4.8 Consumed energy at node 3 in scenario I
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Fig. 4.9 CL-SMAC latency of scenario I
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Fig. 4.10 S-MAC latency of scenario I
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483} o] HolE e AAMES whEatA Hrh w3k Table 4.20]14 HiEnkel o] A

2
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Fa 3
JLo o gx
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SMAC 4.1603 505 504 474 476 566
CL—-SMAC 4.4704 483 484 480 488 482

¥ 42 Ay e TeA 9] S-MAC ¥ CL-SMAC®] 4]
Table 4.2 Scenario I compared of S-MAC and CL-SMAC
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Fig. 4.11 Duty cycle factor of scenario II
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Fig. 4.12 Data latency of scenario II
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Fig. 4.14 Consumed energy at node 0 in scenario II
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Fig. 4.14 Consumed energy at node 1 in scenario II
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Fig. 4.15 Consumed energy at node 2 in scenario II
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g 10 14 20 26 30 34 40 45 a0
MNumber of Packet

a9 417 AyEl 2 119 CL-SMAC latency
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Fig. 4.24 Consumed energy at node 3 in scenario III
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Fig. 5.13 Subway emergency system using USN test bed
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