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Wireless Mesh Networks (WMNs) was developed from Wireless Local Area
Networks in order to tackle the problem of using cable. As a result, the cost of
wireless network implementation is low. Also, flexibility in term of system expansion
can be achieved. So far, routers in WMNs employ omni-directional antenna. This can
cause interference signals to neighbor routers when they need to communicate to each
other simultaneously, so called co-channel interference. According to this phenomenon,
the performance of WMNs is degraded. Therefore, this thesis proposes the idea of
employing smart antennas at routers. In general, the smart antennas consist of array
antennas and signal processing unit. These systems can point the main beam to
desired router, so called beamforming process. This leads to an increase in signal

quality and also eases of co-channel interference.
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, 7=0.1
T tEnd=300
aiuvan =50
Step=0.001
SNR=20
T:step:tend

)

Function Queuing System

v

Function SCR Protocol

v

Function Packet

guUsa luT1/sunsy

m=1

»

Tin=tin(m)
W=Td(m)

<4*k && Tin <tEnd

Function Check Time

v , v

. . . Function Smart antenna Function Smart antenna
Function Omnidirectional
(center node) (all node)
m=m-+1

v

Sum collision time of Omnidirectional
Sum collision time Smart antenna (center node)
Sum collision time Smart antenna (all node)

4

— Calculate SINR of Omnidirectional
Calculate SINR of Smart antenna (center node)
SINR(dB
Calculate SINR of Smart antenna (all node)

Save SINR for
2=0.1-0.9

End
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guUsa luT1/sunsy
, v Function Queuing
AUV TUIZ UL System
u=0.5
?=7%y

Arrival mean=1/?
Service mean 1/u

4

Random interval time of
nl, n2, n3, n4
(desired node)

A

Td=
Random interval time of
nl, n2, n3, n4
(desired node)

Random interval time of
n5, n6, n7, n8
(interference node)

A
wil, w2, wl3, wl4=
Random interval time of
nS, n6, n7, n8
(interference node)

4

Timenl=sort(nl)
Timen2=sort(n2)
Timen3=sort(n3)
Timen4=sort(n4)
Timen5=sort(n5)
Timen6=sort(n6)
Timen7=sort(n7)
Timen8=sort(n8)

4

Total=[Timel; Timel; Timel]

Time1Sort=sort(total)
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Function SCR
Protocol

guUsa luT1/sunsy

4
Slot=service mean
TimeNow(1)=0
TimeNext(1)= TimeNow+

[ o o
AUV NNn T

113 Inneaea®ers

n=1

>
) 4

n<=1000

Yes

TimeNow(n+1)= TimeNex(n)
TimeNext(n+1)= TimeNow(n+1)+slot

SlotTime=[TimeNow
TimeNext]

C=Timesort
N=1

‘\ No
000

n<=1

Yes
y
Yes No

v

Cin=TimeNow(n) Yes C(1)>TimeNow(n) &
ld=n C(1)<TimeNow(n)

A
Cin=TimeNow(n+1)
Id=n
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Yes

i

D(m+1)<=D(m)+Td(m)

gusau luT/sunsy
i o o
UV NNy
D(1)=Cin o,
m=1 115 Iapoawa®eis
" (519)
) 4 NO
m<=4*k
Yes
A 4
No
C(m+1)<=D(m)+Td(m)
v
Yes No

C(m+1)<=D(m)+Td(m)

D(m+1)<=D(m+)

v

Yes

D(m+1)=TimeNow(n)

No

v

D(m+1)=TimeNow(n)

No

v
Yes /f)(m+1)>TimeNow(n) &
l D(m+1)>TimeNow(n)

D(m+1)=TimeNow(n+1

n++

m++
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No
i<4*K

Yes
A 4

Data=rectpuls(t-(Tin(i)+Td(i)/2)),Td(i)

n++

.

Data=sum(Data)

i=1

i<k

Yes
\ 4

1=rectpuls(t-(T1 Q)+wl1(i)/2)),wll(i)
12=rectpuls(t-(T12()+w12(1)/2)),wI2(i)
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!

Pll=sum(1l)
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PI3=sum(13)
Pl4=sum(14)
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TotalPi=P11+P12+P13+P14
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a=1
b=Tin
Tcll(1,1)=0
Tcl2(1,1)=0
Tcl3(1,1)=0
Tcl4(1,1)=0

i=Tin

Tel1(1,a)=P11(1,b)
Tel2(1,a)=P12(1,b)
Tel3(1,a)=P13(1,b)
Tcl4(1,a)=P14(1,b)

Z1=find(Tcl==1)
S1=length(Z1)

! No
Yes
Zal=((Z1(1)-1*step)+Tin
Zb1=((Z1(S1)-1*step)+Tin|
«— |
Z2=find(Tcl2==1)
S2=length(Z2)
No

S0

Yes

Za2=((Z2(1)-1*step)+Tin
Zb2=((Z2(S2)-1*step)+Tin




127

<

guUsa luT1/sunsy
. <o Z3=find(Tcl3= =1)
FIUYOINATUN IS S3olenath(Z3)
A50AOUTINIULAL No
FNIDNYUAUVDN @
Yes
Y T
LRI ((&78) Za3=((Z3(1)-1)*step+Tin
Zb3=((Z3(S3)-1)*step+Tin
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ZA=find(Tcl4= =1)
S4=length(Z4)

No

:

Yes
Zad=((Z4(1)-1)*step+Tin
Zb4=((ZA(S4)-1)*step+Tin

1

Numl=Totall
Size=length(numl)
Al=numl(1,1)
B(1,1)=Al
B(2,1)=Tin
i=2

I=1

(4]
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A2=numl(1,))

B(1,i)=A2
B(2,i)=i+Tin
=it
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__Yes
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<

Bz(1,1)=(Bc(1)*1000)+(Bc(2)*100)+(Bc(3)*10)
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sizeB=Iength(B
SINRomni0=0
SINRomnil=0 A v dq v
SINRomni2=0 !ﬂi@?l?&l!ll‘b’?iﬁ’?ﬂ‘l’l 1%
SINRomni3=0 -
SINRomnid=0 qyeIN1aIaUNANIN

T o o
Uy N FUTSUY

n=1

V\ No

n<=sizeB

Yes
A 4
Rank(1,n)=B(1,n)
Rank(2,n)=B(2,n+1)-B(2,n)

Yes No
——<Rank(1,n)=
v
) Yes No

‘SINRomnil=SINRomnil+rank(2,n) <R ank(1.n)
\/

v

SINRomni2=SINRomni2-+rank(2,n)

SINRomni3=SINRomni3+rank(2,n) ﬂank( 1 ,n)=4H
\/

A 4

SINRomni4=SINRomni4-+rank(2,n)

TimeCol=rank
NCol=Timecol=(1,:)

TimeSINR 1(m)=SINRomnil
TimeSINR2(m)=SINRomniJ
TimeSINR3(m)=SINRomni3
TimeSINR4(m)=SINRomni4
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sizeTCol=size(Tcol(1,2)
Gceenl=0, G0=1
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11=Angel135*GO
12=Angel225*G0
13=Angel315*G0
14=Angel45*G0

A

11=Angel135*G0
12=Angel225*G0
13=Angel315*G0

14=Angel45*GO0

Angel45
Angel135

Angel225
Ange315

11=Angel135*G0
12=Angel225*G0
13=Angel315*G0

14=Angel45*GO

Position= =4

11=Angell135*G0
12=Angel225*G0
13=Angel315*G0
14=Angel45*G0O

r

TotalGecenSA(1,1)=Gel

Sinr=10*log10((1/10"(x/10))+(sqrt(2)()-r)*Total GeenSA(1 ,i)
)))sinrSAcen(l,;)=((round(sinr*1000))/1000)

% i=it]

A 4

sinrSAcen
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n=1
v No
< n<=sizeTCHI=
T Yes N
GiSAcen(n)= =ValSINR(1) 0
i Yes
$AcenSlNRl=SAcenSlNR]+TCQ](2_,nP
No
GiSAcen(n)==ValSINR(2)
i Yes
$AcenSlN R2=SAcenSlNR2+Tcol(2,n$
No

GiSAcen(n)==ValSINR(3)

i Yes

#AcenSINR3=SAcenSINR3+Tcol(2,nb

y No
GiSAcen(n)==ValSINR(4)

i Yes

S*AcenSINRM:SAcenSINRl4+Tcol(2 n)

SAcenSINR1(m)= SAcenSINR1
SAcenSINR2(m)= SAcenSINR2

SAcenSINRl4(m)’: SAcenSINRyl4

1
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Yes

Gel=l1

Sector A

<Tcol(1,)==1>

Yes
No

2(i)==10

Gel=12

Yes - 2000
\/
Yes — pyi)- 30— N0
YOS B
D
Teol(1,i)==2> No
Yes
Yes No

Gel=11+12

l

Z@O

Yes.

— z(i)==103

z)7 =40
Gel=11+13 Yes

Gcel=11+14

No

z(i)= =100
W

Yes

Gel=12+13

No
Ai)==230=NO
2(i)= =23

Yes 4 =20

\/

¢

Sector A
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sizeTCol=size(Tcol(1,2))
Gal=0, G0=1
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Function GainSAcen |«

Anglel35

osition= =

Function Gainll
Function Gainl2
Function Gainl3
Function Gainl4

Function Gainll
Function Gainl2
Function Gainl3
Function Gainl4

Sector B

Angle225
ngle31

Y
11=Angle135*Gj

12=Angle225*Gj Sector B

Function Gainll
Function Gainl2
Function Gainl3
Function Gainl4

13=Angle315*Gj
14=Angled5*Gj

[T=Angle135*Gj
12=Angle225*Gj
13=Angle315*Gj

Sector B

Function Gainll
Function Gainl2
Function Gainl3
Function Gainl4

Sector C !
14=Ang|ed5*Gj
[T=Angle135*Gj
Y 12=Angle225*Gj Sector B
3= .
Sector C ‘13 Angle315*Gj
14=Angled45*Gj
[T=Angle135*Gj
Y 12=Angle225*Gj
Sector C 13=Angle315*Gj
14=Angle45*Gj
Sector C
%, : , I

TotalGallSA(1,i)=Gal
Sinr=10*log10((1/10"(x/10))+(sqrt(2)"(-r)*TotalGallSA
sinrSAall(l,:)=((round(sinr*1000))/1000)
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A39NN Jua (s10)

No
<=sizeTC
Yes N
0
GiSAcen(n)==ValSINR(1)
Yes

#AcenSlNRl=SAcenSlNR] +Tc0](2,nb

GiSAcen(n)==ValSINR(2)

i Yes

#AcenSlNR2=SAcenSlNR2+Tcol(2,rJ)

No

GiSAcen(n)==ValSINR(3)

.

Yes

%AcenSINR3=SAcenSINR3+Tc01(2,4)

Y No
GiSAcen(n)==ValSINR(4)

Yes
SA\cenSINR 14=SAcenSINR1 4+Tc01(2ln)

SAcenSINR1(m)= SAcenSINR1
SAcenSINR2(m)= SAcenSINR2

SAcenSINR 14(m)= SAcenSINR14
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< v
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A 4
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Gj=l4Angle315 Yes @
Gi=l4Angle315 Yes @ N

Gj=14Angle3 15
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Abstract— The use of switched-beam antennas for Wireless
Mesh Networks (WMNs) has gained a lot of attention recently.
However, it has not been concluded yet which protocol is
suitable for this approach. One interesting protocol named as
Synchronous Collision Resolution (SCR) has been proposed to
manage the packet schedule between mesh routers. The SCR
concept is of advantage over other protocols such as
CSMA/CA and TDMA. Nevertheless, the evaluation of SCR
protocol has never been performed in literatures so far.
Therefore, in this paper, the study of switched-beam antennas
in cooperating with SCR protocol is proposed by concerning
both desired and interference mesh routers. The simulation
results confirm the success of using switched-beam antennas
for WMN using SCR protocol.

Keywords-Beamforming, Switched-beam antennas, Smart
Antennas, Wireless Mesh Networks(WMNs)

1. INTRODUCTION

In WLANS, access points communicate to each other
using cables. This causes an expense and somehow
introduces difficulty in accessibility for some areas. To
tackle these impairments, the idea of exploiting radio signal
instead of cables has been recently proposed, so called
Wireless Mesh Networks (WMNSs) [1]. These networks are
constituted by radio nodes organized in a mesh topology.
Apart from benefits in environment that lack communication
infrastructures, they also offer redundancy. Once one node
can no longer operate, the rest can communicate to each
other directly or through one or more intermediate nodes. To
this end, a draft extension of the IEEE 802.11 standard for
WMN:ss is under development [2].

Switched-beam antennas, considered as one technique of
smart antenna technology, are the practically promising
techniques to enhance the capability of wireless
communication systems. For WMNs, both mesh routers and
gateway totally communicate to each other through air
interface. Hence, performance improvements in WMNs can
be expected by using switched-beam antennas. In literatures,
there are many studies of applying smart antennas to WMNs
[3]-[5]. In [3], a better routing scheme is achieved when
smart antennas are operated. Also the study in [4] confirms
the benefits of smart antennas in WMNSs by increasing
available throughputs. In [5], the coverage area can be
improved when using smart antenna technique. However, it
has not been concluded yet which protocol is suitable for
applying smart antenna to WMNSs. In [6], IEEE organization
plans to use a new Medium Access Control (MAC) protocol

978-1-4244-8598-7 /10/$26.00 © 2010 IEEE

as a standard for WMNs. The new protocol named as
Synchronous Collision Resolution (SCR) is a contention
based access protocol to schedule a packet flows between
mesh routers in WMNSs. It is especially well-suited for the
use with smart antennas. It has been shown in [6] that its
conceptual study provides more benefits than CSMA/CA and
TDMA protocols. Also SCR protocol can be matched with
the infrastructure of conventional WLANSs. Unfortunately,
there has never been the illustration of its performances so
far presented in literatures.

In this paper, the performance evaluation of using
switched-beam antennas in cooperating with SCR protocols
is presented. Moreover, the interference signals from
neighboring mesh routers are also included in the
investigations. Although many works neglect to include
these interference but one of the true benefits of using smart
antennas is to reduce an interference problem.

The remainder of paper is organized as follows. Section
Il describes the details of related concepts such as SCR
protocol, switched-beam antennas and queuing theory. Then
the problem of interference conditions is explained in
Section I1I. Section IV provides an aspect of simulation
scenarios. In Section V, simulation results and discussion are
given. In this paper, the results in term of Signal to
Interference Ratio (SIR) are of interest to justify the system
merits under interference conditions. Finally, Section VI
presents the conclusions of this paper.

Il.  RELATED CONCEPTS

The constituent of scenario exploring the impact of using
switched-beam antennas in cooperating with SCR protocol
for WMN:s has three main concepts including SCR protocol,
switched-beam antennas and queuing theory.

A.  Synchronous Collision Resolution (SCR) MAC Protocol
Synchronous Collision Resolution (SCR) [6]-[7] is a

broad MAC definition and viewed as an access framework in
which there are many possible designs. The benefits of SCR
protocol are far reaching and several sequel stories, which
have been published in literatures. The SCR protocol has the
significant four characteristics as follows:

1) The wireless channel is slotted.

2) All nodes with packets to transmit attempt to gain
access to every transmission slot.

3) Contending nodes use signaling to arbitrate their
access.
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4) All packet transmissions occurring during a
transmission slot are sent simultaneously.
Design choices that determine capabilities of SCR are the Piees
size and framing of transmission slots, the use of the RTS-
CTS handshake packets, and the specific details of signaling. Anivil Queue Service

Switched-beam Antennas

In general, smart antennas consist of processing unit
and array antennas in which signals are intelligently
combined to exploit the spatial domain and improve the
performance of wireless communication systems. This paper
chooses switched-beam antennas as one type of smart
antenna technology to apply in WMNSs. This type of smart
antenna can switch main beam to some fixed directions. It is
the simplest technique and easiest to retro-fit to existing
wireless technologies. In this paper, the switched-beam
antennas consist of 2x2 array antennas as shown in Figure
1(a). The reason of that is to keep a compact size for real
installation. Figure 1(b) shows the simulated radiation
patterns for those 4 beam patterns which provide beam
directions at 0°, 90°, 180° and 270 simultaneously. As we can
see, its main beam can be successfully steered to the
predefined directions.

B.  Queuing Theory

To realize the packet behavior of WMNs, this paper
adopts a simple queuing model referred to M/M/1/e0 queue
[8]. This model assumes a Poisson distribution for packet
arrivals and exponential distribution for service times with a
single server and infinite waiting space. In general, we find
that the analysis of a single server queue is attractive because
it is generally more tractable than the analysis of a multi-
server queue. Furthermore, bounding results may be obtained
by considering a system with » parallel single server queues
where an arriving customer can join any of the queues
randomly.

Queuing systems are an optimal reference model for
research and development in communication areas. A basic
structure of queuing systems is depicted in Figure 2. For the
traffic intensity of M/M/1 queuing systems expressed
as p = A/ where p is the traffic intensity, A is the mean

Figure 2. Queuing system

Node 5 Node 1 Node 6

Node 2 ¥ B

R R —

S
E!J : Ell
Node 7 Node 3 Node 8

Figure 3. Configuration and direction of signals in WMNs
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Figure 4. Example of packet arrivals in WMNs
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arrival rate and // is the mean service rate. The queue shown
in Figure 2 is referred to receiving nodes which the center
node is presented in Figure 3. For packet arrivals, it is
assumed as a Poisson distribution. The arrival in Figure 2
can be any packets generated from any four surrounding
nodes. To illustrate how it works in simulations, Figure 4
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depicts an example of packet generated by four surrounding
nodes (Nodes 1, 2 3 and 4) and the outcome of all sending
packets when using SCR protocol at queue of receiver
(center node).

III.  INTERFERENCE PROBLEM

As mentioned earlier, this paper focuses on the
interference problem in WMNs [9]. Although SCR protocol
is implemented to avoid the collision between transmitting
nodes, like interference free, but it is still possible to get an
unintentional interfering signals from other nodes. Figure 3
depicts the situations of interference problem in WMN:s. It is
assumed that the communications between nodes are
possible only for vertical and horizontal links due to the fact
that these links are shorter than diagonal links. Hence, while
the corner nodes are sending their packets, the center node
can receive these signals unintentionally so called as
interference signals. These interference signals hamper
coverage and capacity as well as limit the effectiveness of
existing systems.

To illustrate the effect of interference signals, Figure 5
depicts an example of packet collisions on the outcome of
SCR protocol given in Figure 4. As seen in this figure, most
of the packet durations received at center node is collided
with the signals from interference nodes. The results indicate
the necessity of using smart antennas to decrease
interferences signals.

IV.  SIMULATION SCENARIOS

In simulations, the distances between neighboring nodes
along the horizontal and vertical links are the same. The
index to evaluate system performance is a Signal to
Interference Ratio (SIR) which is the ratio of desired signal
power to power of interference signals. The SIR is an
important entity in communication systems, which indicates
the quality of connection between source and destination.

In order to evaluate the performance of WMNs using
switched-beam antennas under interference conditions, three
scenarios are presented. Firstly, all nodes operate with omni-
direction antennas as shown in Figure 6(a). This scenario is
the conventional system without using switched-beam
antennas. For second scenario, the center node only employs
switched-beam antennas. This scenario is depicted in Figure
6(b). In this scenario, it can be analogous that the center node
is a gateway. It is interesting to observe system performance
when only gateway upgrades to use switched-beam antennas.
For last scenarios shown in Figure 6(c), all nodes operate
switched-beam antennas. Next, three experiments will be
performed to indicate the performance of WMNSs as follows.

Experiment 1: Assuming the mean arrival rate (A4 ) is 0.5
and the traffic intensity ( p ) are 0.1, 0.3, 0.5, 0.7 and 0.9.
Experiment 2: Fix the mean service rate (4 ) is 0.5 and
the traffic intensity (0 ) are 0.1, 0.3, 0.5, 0.7 and 0.9.
Experiment 3: Assuming the mean arrival time rate (A )
is 0.5 and the traffic intensity (0 ) is 0.5, in order to show
SIR probability distribution.

432
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V.  RESULTS AND DISCUSSION

The simulation results of traffic intensity vs average SIR
are shown in Figures 7(a) and 7(b). We can see the average
SIR obtained from using switched-beam antennas in two
scenarios is higher than omni-directional scenario. The
average SIR of using switched-beam antennas for all nodes
approximately gain 12 dB higher than omni-directional
scenario and 6 dB higher than using switched-beam antennas
at center node.

In Figure 8, the probability distribution of SIR for
switched-beam antennas (placed all nodes) occurs on the
area of the highest SIR while the probability distribution of
omni-directional antenna distributes on area of the smallest
SIR.

From the results of above three simulation experiments, it |y
can confirm the use of switched-beam antenna in
cooperating with SCR protocol for WMNs. Also the results
reveal that switched-beam antennas can avoid the [2]
interference problem more effectively even it is used on only
one node at the center.

VL. CONCLUSION B3]

In this paper, the investigation into performance of
WMNs using switched-beam antennas in cooperating with
SCR protocol has been presented. Our contribution is the 4
illustration of SCR protocol that works together with smart
antennas to manage contention access in WMNs. Moreover,
the interference problem has been considered and examined. 5
The results show that using switched-beam antennas can
improve the quality of SIR in comparison with using omni-
directional antenna. For the future work, the real
measurements to confirm the simulation results will be  [6]
undertaken. Also the other type of smart antennas might be
involved in the performance analysis.

171
ACKNOWLEDGMENT 18]

The authors acknowledge the financial support from
Suranaree University of Technology, Thailand. 91

433

(b) Fixed 4 =0.5

1 T

I Oroni-directional
08 Switched-beam antennas (center node)
Switched-beam antennas (all nodes)
£08
E
& 04 4
i
02 i i i 4
c.EI 5 10 15 2 : 2
SIR (dB)
Figure 8. Probability distribution of SIR for traffic intensity ( )= 0.9
and =05
REFERENCES

lan F. Akyildiz, Xudong Wang, and Weilin Wang, “Wireless Mesh
Networks: A Survey,” Computer Networks and ISDN Systems, vol. 4,
pp. 445-487, March 2005.

F. Babich, M. Comisso and L. Mania, “Multi-Antenna Techniques for
Wireless Mesh  Networks in an  Outdoor Environment,”
Communications ICC '07 IEEE International Conference, pp.4961-
4966, June 2007.

Skanda N. Muthaiah, Aravind lyer, Aditya Kamik and Catherine
Rosenberg, “Design of High Tt hput Scheduled Mesh N k
A Case for Directional Antennas”™ IEEE GLOBECOM 2007, pp.
5080-5085

Zhang Yong, Wei Yi-fei, Zhang Li-kun and Song Jun-de, “Simulation
and analysis of node throughput using smart antennas in wireless
mesh networks” The journal of China Universities of posts and
Telecommunications Volume 14, Issue2, pp. 28-50, June 2007
Norihiko Sato and Takeo Fujii, “Multi Antenna Utilization Scheme
for Congestion Avoidance around the Gateway for Wireless Mesh
Network™ The 18th Annual IEEE International Symposium on
PIMRC 2007, pp.1-5, September 2007

John A. stine and The Mitre Corportion, “Exploiting Smart Antenna
in Wireless Mesh Network Using Contention Access” IEEE Wireless
Communications , pp.38-49, April 2006

Honglin Hu, Yan Zhang and Jijun Luo, “Distuted Antenna System:
OpenArchitecture for Future Wireless Communications”, pp.201-239,
June 2007

Alberto  Leon-Garcia “Probability and Random Processes for
Electrical Engineering” Second Edition, pp.499-559, May 1994
Kanal Jain, Jitendra Padhye, Venkata N. Padmanavhan and Lili Qiu,
“Impact of Interference on Multi-Hop Wireless Network
Performance” Wireless Networks vol. 11, pp.471-487, 2005.




'
A

aa 9 a d‘ [ d' d’ v v =
HNANITUUN) w1l w1y thatloIun 28 AAAN 2526 NIIWIAYAYT LTUNITANHN

Q

v v
= =

v A =) 9 o v v =2 ~ ~ ¥ A A o 1%
szavlszan N1saFeninugne seANTENANYIUN 1-6 N1 sudaiuIngIay ania
s v a Y a a

¥a1s uazduTamsAnEITzAVIAINTINMAATTaRa AAInssuINTANUIAN) 91D

a v = = v v = d' 3}}

WHIINe1aeNATuTadgIu1s 9N TAUAIIIFAN LU0 W.A. 2551911 U
Y 9 =K 1 [ = a @ a a a

Idqndnae luszaulSgaianssumdasurniugs 9191391390550 TnsauwIAN

o g0 UMIANH AL
{ % a a { @ a o 1
Tasvaznanu luszaulsyrIn ladnanuinmsnlasumsAnuwimouns

FTAVUIINATIUIY 1 217D Taelis1eazidenllsingaamanuan v.



