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# # 6170375621 : MAJOR ELECTRICAL ENGINEERING

KEYWORD: Full Duplex, Hidden station, Mac Protocol, Wireless LAN
Theesid Sriprasert : PERFORMANCE ANALYSIS OF ASYMMETRIC FULL DUPLEX MEDIUM
ACCESS CONTROL PROTOCOL IN THE PRESENCE OF HIDDEN STATION. Advisor: Asst. Prof.
LUNCHAKORN WUTTISITTIKULKLJ, Ph.D.

The thesis proposed the function of media access control (MAC) protocol called
asymmetrical duplex with computer simulation in order to access the system performance both in
hidden stations and non-hidden stations. In this thesis, the author studied the IEEE802.11 protocol
standard and estimated the network throughput of the system with considering the impact of existing
hidden stations. The result showed that hidden stations were the main problem of media access
control (MAC) protocol resorting two-way handshaking mechanism. That was the network throughput
diminished in case there was no hidden stations insignificance. In practice, the four-way handshaking
technique was utilized to solve the hidden stations' problem. The experimental result with a
developed program of the network example exhibited that adding the process of requesting sending
RTS package and acknowledge was the mechanism to reduce the impact of hidden stations

effectively corresponded to the existing research.

The author developed further a program to be able to simulate the function of the
communication system in the form of full-duplex in asymmetric way to study, analyze and access the
performance. The utilization of the program can define specific positions so that the author can
simulate situations with different hidden stations as desired. The author simulated different situations
in different window sizes 16 and 32. The simulation results showed that non-hidden stations could
not form full-duplex due to the noise of nearby stations. When using the capture effect, the results
could create full-duplex and make better throughput up to 5-10 percent approximately. The further
simulation result was adding more transmission stations leading throughput to reduce respective
stations in case of both using capture effect and none. This was because the more stations were, the
more collisions signals made. More importantly, the author observed the results of using the capture

effect were that the destination station could receive information more fairly
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currentWindowSize = [MIN_WINDOW_SIZE] *NumStation

1 range (NumStation) ]

range (NumStation) ]

Station
Station
Station

istation
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channel Idle

es
Channel read msg

Msg ‘Data’

Timeout for SIFS

- AP Start send ("ACK") to all clients
- Timeout(ACK/BIT_RATE)
-AP Stop send (“ACK”) to all clients
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Start

Random Backoff
(0,winsize-1)

I

channel Idle

Yes

-———

Is Channel busy or No
timeout(DIFS)

Channel == busy

no
Timeout(backoff '

*slot_time) or channelid].Busy.

Send data

é
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Backoff =0

Freeze Remaining Backoff

- client Start send ("Data") to all clients
- Timeout(Data/BIT_RATE)
-Client Stop send (“Data”) to all clients

Check ACK

é
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Channel busy or
timeout(ACK_TIMEOUT)

Channel == busy

channel Idle

Channel read msg
No
Y

Yes

winsize = winsize*2

if winsize > MAX_WINSIZE:
winsize = MAX_WINSIZE
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More Pwr More
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Togludrusaluazidunmsiauslusinsudnaamantinmansyaaunatnduiiodnig

Toglunausuazidunisiaus Awisilwasnidlunisnaasdusinsy

SIM TIME = 100000 # us
NUM CLIENTS = 5

MIN WINSIZE = 32

m=3

MAX WINSIZE = (2**m)*MIN_WINSIZE
BIT RATE =1 # Mbps

PACKET PAYLOAD = 8184 # bit
MAC HEADER = 272 # bits
PHY HEADER = 128 # bits
DATA = PHY HEADER + MAC HEADER + PACKET PAYLOAD

5]

ACK = 112 + PHY HEADER # bits
RTS = 160 + PHY HEADER # bits
CTS = 112 + PHY HEADER # bits
SLOT _TIME = 50 # us

SIFS = 28 # us

DIFS = 128 # us

ACK TIMEOUT = 300 # us
CTS_TIMEOUT = 300 # us
cnt_request = 0

cnt success = 0

cnt _collision
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Channel Busy

Channel Idle

es
Channel read msg

Timeout for SIFS

- AP Start send ("CTS") to all clients
- Timeout(CTS/BIT_RATE)
-AP Stop send (“CTS”) to all clients

Check Data
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Channel Busy No
Yes

Channel Idle

Yes
Channel read msg

Msg ‘DATA’

Yes
Timeout for SIFS

- AP Start send ("ACK") to all clients
- Timeout(ACK/BIT_RATE)
-AP Stop send (“ACK”) to all clients

a o & < ¥ ! & o

JUN 4.5 AS91UYURDUN I IATDY ALY NN SN UEY
Tuguf 4.5 azilun1sidaingda il lasudeyaudi3ds Insazlituneuwmiloudud
asungliluneunihludiuvesnaiinduiieasinie wazgavedimuiimied ol lasudeya

a ¥ @ I oo A 1 (%] G =
BeuSesnazdsmiudunaunaulunsawsy e



aq

[y

Tnelududnlududsnudunounie g vesaand daeiu 4 Funsunroluil

channel Idle

WWWWW

channel Idle

Channel read msg

e
¥
"
NAV = 3*SIFS + (CTS + NAV = 2*SIFS + (DATA
DATA + ACK)/BIT_RATE + ACK)/BIT_RATE

Is Channel busy or
timeout(NAV)
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Backoff = 0

Freeze Remaining Backoff

- client Start send ("RTS") to all clients
- Timeout(RTS/BIT_RATE)
-client Stop send (“RTS”) to all clients

Check CTS

b
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Channel == busy

channel Idle

winsize = winsize*2
if winsize > MAX_WINSIZE:

Channel read msg

winsize = MAX_WINSIZE

Timeout for SIFS

- client start send ("Data") to all clients
- Timeout(Data/BIT_RATE)
- client stop send (“Data”) to all clients

Check ACK
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Channel busy or
imeout(ACK_TIMEOUT]

Channel == busy

winsize = winsize*2
Channel read msg if winsize > MAX_WINSIZE:
winsize = MAX_WINSIZE

No
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4.4. MssnannUanasvasaa1dluluswnsy

Tududalvazidunisesureferdunisanswnusvasan dlulusunsulwneaunly Tnedl
o X
S
random. seed (2)
AP position = (0,0)

r = 30
Client position = []
random.uniform(-10, -5)
random.uniform(5, 10)
f xX**24y**2 <= r**2:
Client_position.append((x,y))

b
o

X = random.uniform( 5, 10)
= random.uniform( 5, 10)
I X¥**2+y**2 <= r**2:
Client position.append((x,y))

= random.uniform(-10, -5)

y = random.uniform(-10, -5)

1 5 D Sl o R AR € g
Client_position.append((x,y))

X = random.uniform( 5, 10)
= random.uniform(-10, -5)
I X¥*%2+y**2 <= r**2:
Client position.append((x,¥y))

for i in range (4,NUM _CLIENTS):
X random.uniform(-10, 10)
v random.uniform(-10, 10)
if x**2+4y**2 <= (r/2)**2:
Client position.append((x,y))
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node 1% e 28 [le 3% [l 42 Fk 2% 113
of request: 15
of success: 10

of collision: 4

Throughput 0.8524
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Number of collision(RTS from Stations): 8
Number of success(Data from Stations): 101
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Hidden node- {1: [2; 3x 41 2= [1; 30 & 513 3 [E: 25 41, % [ 25 35 61 5% [2
. 41}

Number of request(Stations): 130

Number of collision(RTS from Stations): 37

Number of success(Data from Stations): 92

Throughput 0.784208
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Number of collision(RTS from Stations): 7
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Hidden node {1: 2y 3i: 41 22 [y 35 45 5¥x 82 [l 2, 41 4z [I5 2 3i: 51i 52 [2
+ 41}

Number of request(Stations): 92

Number of collision(RTS from Stations): 19

Number of success(Data from Stations): 72

Throughput 0.613728

U1 4.26 msdedeyavianuns ao1idiin)veusunIniumhn 9w 128

ngunnd 4.26 Tuazifunsuansmaresnisiauimuetes 5 aonifidinnsdou
Fuanndu TnefluuemihsineSuduremiiingisdegiivinty 128 daulusuvesnsins
fruvtsvosaniiitu awrsagldangunmi 4.23 esnldluaniunisalifieadtu ud
uansnstumsavuInvestnAteaeds ludumesiiuauiivhnsvedwesandimnduazey
7l 92 ey Srunumsdsdeyadiiaegi 72 uardwauilAansvutuvesnisvedeegil 19 ads
Tnvaniigludinvemenavosutuazasiagi 0613728 lnswdeifisufuna

Mog1aluguN 4.24 nunAMINAAAAUTEIIN 10 % A1nLAY Aziinsdenuiladeyas

Y 9

INSIZVUINVDINTNA YN TINUINTY VN AINITTOWUANDONAUIUTY LHAEWUINTINITVUAU

Yostayafitosinniy wivellaningewiuainiu



63

4.6.3. WAN15NAABILUSHNTUINAUNATAIULDANIIVUIANTINA19T29T9 32 N9

nsainaaigaudunazldidaudu 3uluaantl 10 @anil

—60 —40 -20 0 20 40 60

JUT 4.27 aoivianue 10 a7l lifinisveusuaindu

Tnga1na i 4.27 duasiuliinliflaadlafivanesnansainisladuvesiuas iy

Yaananll wazlanfviavue 10 @andl



64

Hidden node {1: [1, 2: [], 3: [1, 4: [], 5:

1, 10: [1}

Number of request(Stations): 126

Number of collision(RTS from Stations): 24
Number of success(Data from Stations): 101
Throughput 0.860924
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Hidden node {13 [2; 3% 4; 95 101, 2: [Ly Bp &p 5y 71y 3¢ [L 2 4, 6; 9
10k, 4= [, 3 5 5. 6. 55 2. %, 8 by, 81, T2 12l, 82 Fl., %1 RE. 31,
10 [X: 317

Number of request(Stations): 152

Number of collision(RTS from Stations): 56

Number of success(Data from Stations): 95

Throughput 0.80978
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Hidden. node ¥1: [l: :2: [Fe 3% [ AF Ay 5t Fls 6% [ T2 i 8% T 92 [
1, 10: [1}

Number of request(Stations): 109

Number of collision(RTS from Stations): 8

Number of success(Data from Stations): 100

Throughput 0.8524
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Hidden: node {1z (2% 35 & 9z 101y 2: [1z By 4 5; 711z 3z [1x 25 4 6; 95
101, 4: [1, 2, 3, S5, 61, 5: [2, 41, 6: [3, 41, 7: [2], 8: [1., 9: [1, 31,
10 T1x 317

Number of request(Stations): 121

Number of collision(RTS from Stations): 30

Number of success(Data from Stations): 91

Throughput 0.775684
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- AP Start send ("Data") to target
- Timeout(T2)
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Backoff = 0

Freeze Remaining Backoff

- client Start send ("RTS") to all clients
- Timeout(RTS/BIT_RATE)
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SIM TIME = 100000 # us

NUM CLIENTS = 5

MIN WINSIZE = 16

m = 3

MAX WINSIZE = (2**m)*MIN_WINSIZE
BIT RATE = 18 # Mbps

CAPTURE RATE = 16
CAPTURE THRESHOLD = 5

PACKET PAYLOAD = 1500%8 # bits
MAC HERDER = 272 # bits

PHY HEADER = 20 # us

PHY PREAMBLE = 16 # us

DATA = 1500%*8 # bits

Tl = DATA/BIT RATE

T2 = DATA/CAPTURE RATE

DELAY = T2 - T1

ACK = 14*8/BIT RATE + PHY HEADER # us
RTS 20*8/BIT RATE + PHY HEADER
CTS 14*8/BIT RATE + PHY HEADER

ETRE S
o
n

fn
wn

SLOT TIME = 9 # us
SIFS = 16 # us
DIFS = 34 # us

ACK TIMEOUT = 180 # us
CTS TIMEOUT = 180 # Us
cnt request = 0

cnt success = 0

cnt collision = 0

JU 5.18 Ans1dwesnlelulusunsy
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Hidden node T1F 11, 29 Tl 3% 1, 4% T, 5% 113

Capture node«{l: [2; 3By 4y 51 22 [3; S5ls Bc [2; Bl 4> 1% 2 3; Sz 5= (1}
Number of request(Stations): 104

Number of success(Data of AP and stations): 108

Number of collision(Data of AP and stations): 3

Throughput 12.96
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Hidden node: {1: [13 2: [1» 3: [1, 4: [1+ 5: [1}

Capture: mede: 1< [2, 3, 4, 5%, 2: 3 3. 838 12, 51, 4z [, 2, 3. 5. 53 [1}
Number of request(Stations): 101

Number of success(Data of AP and stations): 157

Number of collision(Data of AP and stations): 4

Throughput 18.84

JU 5.22 wan 5719 uveslusunsuaingy 5.21
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JU7 5.23 agrdiiveususis 5 aai
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Hidden node {1: F2y B: 41 22 [y 35 Al; 32 [1x 2 41 A< Iy 2; 33s 5: F1¥
Capture mode: [z [2; 45 51 22 @i 35 515 3= [27 & 517 &= [17 3~ 53)F 52 [13
Number of request(Stations): 95

Number of success(Data of AP and stations): 141

Number of collision(Data of AP and stations): 7

Throughput 16.92

Ui 5.24 tamsyheumeslysunsuaingy 5.23
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20000 40000 60000 80000 100000

Hidden hode {l: [2; By A1 29 Tlw 3; 41, 3: [L 2 41 & Tl 2, 31 S [1}
Saptufeshode: 1 (2, 4, 51, 2% 2, 3, 5, 32 [2; 4, 51, 4% [, 3, 51, 52 )
Number of request(Stations): 112

Number of success(Data of AP and stations): 151

Number of collision(Data of AP and stations): 5

Throughput 18.12
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U9 5.27 @oriviavun 10 a91divan leeusuniniu

0 INETCTECTRTERS YEMEIIT CIMTARTTARTEIIN MOTERTIRTIRTCOACE TESRCINCE TR LRI
(TORATAH LTTCARTARERCCIATE 1Ot M TIARTICTTACIRCILITRE TRCSARTIRETIIARAT TAtT
INOREIE [17 YCTYTSR TNCERTTIICE SSCRRramt ¢ Y4 VORTTOTID TRONER METERECE IS TTRRTINN
e v bbb
Avwmmodids e ke b
lbbeded dodd bocdidodddedodd oo b ddl

vedunnne i mdwa oo bk b vecsmmmdob
b e g oo oebooenmmmnng
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Hidden: node {1: [2, 3; 4; 7, 91, 2: [1, 3; 4, 61, 3= [1, 2, 4, 7; 9, 10]; 4: [1;
2, 3, 101, 5: (1, 6: [2], 7: [1, 31, 8: [1, 9: [1, 3], 10: [3, 4]}

Capture node {1: [2, 4, 5; 6; Ty B, 91 22 [1, 3, 5y 6; 1, 85 9y 10]1; 32 [2y 4,
S5, 6, 7, 8, 9, 101, 4: [, 3, 5, 6, 8, 9, 20], 5: [B1, 6: [Bl, 7: [5, 6. 8 201,
8: [1, 9: [5, 6, 81, 10: [4, 5, 6, 7, 8, 9]}

Number of request(Stations): 155

Number of success(Data of AP and stations): 153

Number of collision(Data of AP and stations): 7

Throughput 18.36

Ui 5.28 amsvheumelysunsuaingy 5.27
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vendi e w o mndommnonenmmmnd onde an
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60000

Hidden ‘node’ {1: [2, 3, 4, 7, 91, 2: [1, 3, &, 61, 3: [l, 2, 4, 7, 9, 101, 4: [i,
2; 33 1015 -5z [Iy 6z [21p 7= Ll 31; 85 L7 9: [1y 31: 10z [3; 41}

Capture node {l: [2,. 4, 5, 6 7, 8, 91, 2: [1, 3, 5, 6; 7, 8, 9,. 101, 3: [2,. &,
5y 63 17+ 8; 19y 1015 4z [1; 3y 55+ 6; /8; 9y 101, 'St 1817 6z 81 @z I9: 6 8; 1015
8: [1, 9: [S5, 6, B1, 10: [4, 5, 6, 7, 8, 91}

Number of request(Stations): 165

Number of success(Data of AP and stations): 172

Number of collision(Data of AP and stations): 7

Throughput 20.64
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