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Abstract

In this thesis, we propose tri—-channel MAC protocol with the separated RTS
, CTS, and data channels. In the proposed MAC protocol, the separated RTS
and CTS channels reduce packet collisions on control channel in the
dual-channel MAC protocol. In the dual- and tri-channel MAC protocols, the
channel speed allocation for the separated channels is an important design
parameter to obtain a good throughput performance of ad hoc networks. In this
thesis, we divide the data rate of Z2Mbps to the RTS channel speed of
0.6Mbps, the CTS channel speed of 0.4Mbps, and the data channel speed of
1Mbps by using simulation results.

In the proposed MAC protocol, the negative CTS mechanism solves the
exposed terminal problem as that in the dual-channel MAC protocol. We also
propose the tri-channel MAC protocol with directional antennas to improve
spatial reuse. In the directional tri-channel MAC protocol, we apply an
out-of-band tone to reduce the packet collision probability on the RTS and
CTS channels. In this thesis, average throughputs of the proposed MAC
protocols are confirmed by simulations using QualNet Ver. 3.8 simulator.

Simulation results show that the proposed MAC protocol improves average
throughput by 150% and 32% relative to IEEE 802.11 MAC protocol and
DUCHA MAC at the traffic load of 1Mbps in a single hop random topology,
respectively. In a 5-hop random topology, the proposed MAC protocol improves
average throughput by 84% and 21% relative to IEEE 802.11 MAC protocol
and DUCHA MAC at the traffic load of 0.5Mbps. In directional transmissions,
the proposed MAC protocol improves 20% in location unaware ad hoc
networks and 18% in location aware ad hoc networks relative to DUDMAC at

the traffic load of 1Mbps in a single hop random topology, respectively. The



proposed MAC protocol improves 149 in location unaware ad hoc networks
and 9% in location aware ad hoc networks relative to DUDMAC at the traffic
load of 0.5Mbps in a 5-hop random topology. The proposed DMAC with an
out-of-band tone improves throughput by 13% in location unaware ad hoc
networks and 15% in location aware ad hoc networks relative to
ToneDUDMAC at the traffic load of 1Mbps in a single hop random topology,
respectively. The proposed DMAC with an out-of-band tone improves
throughput by 2% in location unaware ad hoc networks and 25% in location
aware ad hoc networks relative to ToneDUDMAC at the traffic load of
0.5Mbps in a 5-hop random topology.

In this thesis, we propose a tri—-channel MAC protocol with the separated
RTS, CTS, and data channels. We discuss effects of channel speed allocation
on throughput performance of ad hoc networks relative to node density.
Simulation results show that the proposed MAC protocol has a good
throughput performance relative to the single channel and dual-channel MAC

protocols at high node density ad hoc networks.
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S7HA1 7171 Y3 A 2 DVCS(Directional Virtual Carrier Sensing) WA U E S
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Fig. 1. Hidden and exposed terminal problems.
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Fig. 2. The problem of deafness: Node A retransmits RTS to node B in deafness

and retransmissions exponentially increases node A’s backoff period.
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Fig. 3. The operation of IEEE 802.11 MAC protocol.
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Fig. 6. The operation of the DUCHA MAC protocol with separated control and
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Al AlEH OIS FastF o AYE| el =9 =T Alo]o] A WY EE
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EAS AL, ojuf A]x®l £A2 147dBo]l1 Al threshold® -89dBmo©|

B2 A% WS 250mz D37 99 $4 4=€S 79dBmo R AAEA L, A9

Table 1. Defult values used in the computer simulations.

Random topology Mesh topology
CBR traffic 0.2 ~ 1.0Mbps 0.1 ~ 0.5Mbps
Distance between nodes| 0 ~ 240m(random) 240m(fixed)
RTS DATA
Data Rate : 2Mbps channel CTS channel channel
0.6Mbps 0.4Mbps 1.0Mbps
Transmission range 250m
DATA packet size 1000byte
Simulation time 120sec
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$5 gyatdA mjxate] AlEgoldow AL Tri-xAd MAC, o]F-3d MAC,
IEEE 802.11 MAC ZeEZ°] H Agds ekl Aoty oA Bto] =
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Fig. 22. Average throughput of the proposed MAC protocol relative the number

of nodes randomly arranged in the square area of 1000 x 1000m2.

Table. 2. Average throughput of the dual-channel MAC protocol relative to

the control and data channel speed.

node<= Control | DATA | Control | DATA | Control | DATA | Control | DATA
0.3Mbps | 1.7Mbps | 0.4Mbps | 1.6Mbps | 0.5Mbps | 1.5Mbps | 0.6Mbps | 1.4Mbps
36 328.1Kbps 339.8Kbps 328.2Kbps 312.9Kbps
72 189.3Kbps 200.3Kbps 189.4Kbps 187.9Kbps
108 121.8Kbps 128.8Kbps 134.8Kbps 131.1Kbps
144 93.9Kbps 97.7Kbps 100.5Kbps 102.5Kbps
180 77.1Kbps 79.9Kbps 84.8Kbps 85.9Kbps
node<= Control | DATA | Control | DATA | Control | DATA | Control | DATA
0.7Mbps | 1.3Mbps | 0.8Mbps | 1.2Mbps | 0.9Mbps | 1.1Mbps | 1.0Mbps | 1.0Mbps
36 311.1Kbps 299.4Kbps 284.0Kbps 270.3Kbps
72 182.2Kbps 176.0Kbps 166.7Kbps 160.8Kbps
108 133.3Kbps 124.1Kbps 119.5Kbps 113.6Kbps
144 102.2Kbps 99.7Kbps 94.3Kbps 89.0Kbps
180 85.7Kbps 83.6Kbps 79.5Kbps 76.8Kbps
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Table 3. Average throughput at the CTS channel speed of 0.3Mbps.

node RTS|CTS|DATA|RTS|CTS|DATA|RTS|CTS|DATA|RTS|CTS|DATA

T 03 | 03 14 04 | 03 1.3 05 | 03 1.2 06 | 03 1.1
Mbps |[Mbps| Mbps |Mbps|Mbps| Mbps |Mbps|Mbps| Mbps [Mbps|Mbps| Mbps

36 365.5Kbps 375.2Kbps 354.8Kbps 351.5Kbps
72 216.3Kbps 231.1Kbps 228.4Kbps 239.2Kbps
108 128.9Kbps 142.2Kbps 154.4Kbps 162.0Kbps
144 102.3Kbps 114.21Kbps 117.2Kbps 130.0Kbps
180 82.2Kbps 92.2Kbps 96.8Kbps 105.4Kbps

Table 4. Average throughput at the DATA channel speed of 1.0Mbps.

node RTS|CTS|DATAIRTS|CTS|DATA|RTS|CTS|DATA|RTS|CTS|DATA
Y 0.5 05 1.0 0.6 0.4 1.0 0.7 0.3 1.0 0.8 0.2 1.0
B Mbps |Mbps| Mbps |Mbps|Mbps| Mbps |Mbps|Mbps| Mbps [Mbps|Mbps| Mbps
36 347.7Kbps 340.6Kbps 341.7Kbps 333.7Kbps
72 224.6Kbps 234.2Kbps 237.6Kbps 234.4Kbps
108 144.6Kbps 154.3Kbps 154.5Kbps 150.4Kbps
144 109.3Kbps 121.8Kbps 124.8Kbps 123.1Kbps
180 92.4Kbps 109.7Kbps 106.0Kbps 105.0Kbps
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Table 5. Comparison between characteristics of protocols in simulation.

Protocol Antenna | Carrier Virtual With Backoff
Name Type Sensing | Sensing ACK |Algorithm

802. 11 OMNI YES YES/NO YES BEB
DUCHA OMNI NO YES NO BEB
DMAC DIR NO YES YES BEB
ToneDMAC DIR NO YES YES BEB
DUDMAC DIR NO YES YES BEB
ToneDUDMAC DIR NO YES YES BEB

Proposed

DIR/OMNI NO YES YES BEB
Protocol
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Fig. 29. Average throughput of the TriDMAC protocol in the single-hop

random topology for location unaware ad hoc networks.
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Fig. 33. Average throughput of the TriDMAC protocol in the 5-hop mesh

topology for location aware ad hoc networks.
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