WWAP e — & g o o)leds — piin Jloo — (50 Cnto )0 diedign ledy,

2L o 30 w2 (6998 AL (29900 b 3l eolaswl gy
PERC TRVE QI A SV | J4)

) (&:. = e M. 71 T M ..
OS5 59uils dgamo s — E gl wgl — (g Sne <y )
Ul)J‘ s.blj;ﬂ?u 5@)@‘ .bl)" oKl séL";ﬂ?u d}lj ‘d)" ‘S»JW caSlisls - .\...u)‘ wL‘.w)LT (\)
Ol bliazs o oDl ol3T ol&iils wblazs axly (5 p (qwdige saSiils - JLobewl (V)

YWAOIVIE G pds )6 YWATIAIYD el o o)l

Sl )0 (Srae amol) @l e S9ee Sz Byl S5 Jelse 5 iFmair ol e Slapi sl (b a4 @llie cul o asds
ses o o Jol Jlade jmalS 5 dsnais Co o e o b Lol slaws palSogd o aisle s locus lacil 4 jeme pawis $)9
=l JS slaws o b s 020,581 30 a0 (SEFuAed e (6 S5 A b il cpl o el 950 dlie o Lol Blaal dlex 5l pleis
9, 85 2legly 5 ez Glapuil 4 bee,S (05 sz b 55 poo Ban 4y (aliws ly 2550 00ls (1alS itz o0 e 0 b
b aS ol aalgs ols las diwly opl jo b oo 205 g BB Gl 4 b je GES 50 (po S35 cilons oulass 1ize slo JUIS
Slr 398 Gloiby, Giloand b eized 0900 05 565 iz CS )0 e I Ol oz ol e sl 005 o8
Soigz loil gl ol Cuws 4 gl dunlio ey walgs LS & g, ol Gallae o) il glopm sl b Jlocys slacyl
Sy b Jls [l locia oyl 4 oo )T 0,5 jeome a5 conl b cpl LoS aigzans ol gl cdel cans 4 i L

el 458 (20,305 Bl g (2g0]) qlie 5l e 4z e eslitul s 0 5 SIS palS

s (55 ded Cuye o> ol (it Wiz b e (ol wiz AU Wiz pen o 695 SlaaSid tgaulS Slals

Radio Band Utilization Improvement in Wireless Mesh Networks
for Multicast Routing

ZeinabAskari” — Avid Avokh® — Mahmood DaneshvarFarzanegan(Z)
(1) MSc. - Department of Electrical Engineering,NajafabadBranch, Islamic Azad University,Najafabad, Iran
zeinabaskari92 @sel.iaun.ac.ir
(2) Assistant Professor - Department of Electrical Engineering, Najafabad Branch, Islamic Azad University, Najafabad,
Iran
aavokh@pel.iaun.ac.ir
M_daneshvar@pel.ac.ir

This paper addresses the cross-layer design for multicast routing in Multi-Radio Multi-Channel Wireless Mesh
Networks (MRMC-WMNs) with directional antennas. WMNs have a limited capacity because of existence of
interference between the wireless links. This issue becomes more crucial in the multicast communications. Directional
antennas can focus the transmission power to the limited sector. Thus, equipping the wireless nodes with these antennas
leads to degrade interference. This paper proposes two cross-layer algorithms named “Directional Multicast Tree
Construction (DMTC)” and “Directional Interference-aware Multicast Tree Construction (DIMTC)” to solve the
aforementioned problems. In the first algorithm, we jointly consider the channel diversity; the wireless broadcast
advantage and the directional antenna technology to reduce number of transmissions in the routing trees. In the second
one, in addition to above factors we use interference aware path selection factor to eliminate the interference among the
multicast sessions. This scheme is aiming at improving the utilization of radio resources reducing both number of
transmissions and interference, at the same time. Simulation results demonstrate that our schemes are more efficient
than other existing schemes as well.

Index Terms: Multi-Radio Multi-channel Wireless Mesh Networks, Multicast Routing, Directional Antennas, Wireless
Broadcast Advantage.
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Fig. (2): Directional antenna model, (a): realistic model and (b):
ideal model
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Fig. (5): Comparing the effect of WBA in directional versus
omni-directional antennas (a): directional antenna and (b):
omni-directional antenna.
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antenna and (b): omni-directional antenna.
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Fig. (9):Changes of the number of transmissions versus the
number of receivers
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Table (1): Increment of the tree cost in DMTC and DIMTC
versus WCTB
Number of terminals t=10 t=15 t=20 t=25 t=30
WCTB Tree cost 9 10.9 12.2 13.2 14.1
Tree cost 9.2 11.1 12.8 14.2 15.5
DMTC | Cost 22% 1.8% 4.9% 7.5% 8.5%
increment
Tree cost 9.8 11.8 13.5 14.7 16
DIMTC . Cost 8.8% 8.2% 10.6% 11.3% 12.7%
increment
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Fig. (10): Effect of beam-width on the number of transmissions
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Table (2): Numerical results of increment of the tree cost at the
different s versus 6 = 300.

Beam-width =240 | 6=180 0 =120 0=60
t=10 94 9.4 9.8 10.9
. . oL . . t=15 11 114 11.9 137
@ S o3leiay lap ;o8 5o S5 Ghals (goue poliae () Jooxr Tree cost =20 12.8 13 13.8 15.8
WCTB .= oSl 1=25 14 14.5 154 172
) ‘w”ﬂ o t=30 15 15.5 16.5 18.9
Table (3): Numerical results of the interference reduction in =10 4% 4% 3.8% 111%
DMTC and DIMTC versus WCTB Cost t=15 2.80% 6.54% 11.21% 28.03%
Number of terminals (=10 | t=15 ] 1=20 | t=25 | 1=30 incr:;em t=20 6.66% 3.33% 15% 31.66%
WCTB Interference 2000 | 4200 | 7600 | 12000 | 17100 t=25 6.87% 10.68% 17.55% 31.29%
DMTC Interference 1400 | 3000 | 5600 | 8900 | 12700 t=30 6% 9.03% 14.54% 34.04%
Interference 30% | 2857 | 2631 | 2583 | 25.73
reduction % % % %
DIMTC Interference 1000 | 2500 | 4400 | 7000 | 10000 e e . o . L
Tnterference 50% | 4047 | 421 | 4166 | 4152 5 S ke Ol anlie @ gl (nl )3 pgw 925
reduction % % % %
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Fig. (13): Changes of the number of transmissions versus the
number of channels
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Fig. (12): Effect of beam-width on the amount of interference
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Table (4): Numerical results of the interference reductionat the
different fs versus 0 = 300.

Beam-width 0=240 | 6=180 | 0=120 0=60
(=10 1100 1000 900 300
t=15 2950 2400 2200 2100
Interference (=20 5100 4400 4000 3850
t=25 7950 7000 6200 5950
(=30 11500 10000 9100 3700
t=10 8.33% | 16.66% 25% 33.33%
t=15 183% | 16.13% | 29.03% 32.25%
I‘:LZTZ?:;" =20 721% 20% 27.21% 30%
t=25 7.55% 18.6% 27.9% 30.81%
t=30 3% 20% 272% 30.4%
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1. Shortest Path Multicast Tree

2. Minimum Cost Multicast Tree

3. Wireless Broadcast Advantage

4. Switched beam pattern

5. Steerable beam pattern

6. Directional Multicast Tree Construction

7. Directional Interference Aware Multicast
Construction

8. Wireless Closest Terminal Branching

9. Wireless Closest Terminal Branching with Minimum
Interference Multicast Tree

10. Multi-Rate Multi-Radio Multi-channel Wireless Mesh
Networks

11. Interference- and Rate-aware Multicast Tree

12. Interference- and Rate-aware Broadcast Tree

13. Flow Load Multicast Metric

Tree

gl s
14. Reliable Flow Load Multicast Metric
15. Minimum Steiner Tree
16. Efficient Multicast Routing Algorithm for WMN
17. Expected Multicast Transmission Count
18. Virtual Link Reduction
19. Interference and Power Constrained Broadcast/
Multicast
20. Delay-bounded Interference and Power Constrained
Broadcast/Multicast
21. Half duplex
22. Interfering Links
23. Node Co-Channel Interference
24. Tree Co-Channel Interference
25. Channel Selection Metric
26. Minimum Interference Multicast Tree
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