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ABSTRACT

In this paper, the effects to system performance are evaluated in IEEE 802.11 system when the number of competing
terminals are estimated and reflected to the system. The IEEE 802.11 system uses DCF (Distributed Coordination Function)
for the multiple access method, and the system throughput performance depends on the accuracy of the estimated number of
competing terminals. We propose extended H infinity filter (EHIF) approach which does not require the noise information for
estimating the number of competing terminals. Simulation results show that EHIF outperforms the extended Kalman filter in
both saturated and non-saturated network conditions.
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Table 1. EKF Algorithm

Initialization of the estimate n,, the error variance £,
1) Compute sensitivity of the measurement
_ oh(n)

on _ =
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h, =
2) Compute the variance of observation noise

h(7L;1)(1_h(n;l))

ko B
3) Compute the Kalman gain
(P +Q)hy,
K = -1 Gk

(B, + Q)N +R,

4) Compute the innovation from the measurement
TP h(nl:1)

5) Update the estimate
m=mn K,

6) Update the error variance
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Fig. 2. Estimation of Terminal Count varying the

variance of the state noise
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E 2. CUSUM <&
Table 2. CUSUM Algorithm

E 3. EHIF ¢xel&
Table 3. EHIF Algorithm
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gﬂl/]:al_ﬂﬂ 011:1]—2—15_)& 7’]:@1-‘6‘]— LO]Z E./\-LE- o}
M= 20 WAL 9471 witelt}h. EHIF -4 ]
7 #te] FA(worst case)ollA]e] FH olHE
#2438} skt 1 548 7oL glvk wistell EHIF
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Initialize the performance bound ~, the initial

estimate n,, and the initial weight parameters

ngXka VV;;» V;
1) Compute
g = 1
N e L R
A k-1 My 8 -1 Vi,
,, oh
whereh (”k—1) = 8(:) N

n=ng
2) Compute H infinity gain
H, =P, SN (n:l) Wl
3) Update the estimate
”Ak: n;ﬁ- Hlp, - h(n:l)]
4) Update the error variance
P =P 5+ W

olgfe} & w|U ™ ~(minimax) A3} FA] sl

min . J 0

T4 )X J= ¥]E F<(cost function)Z F
2 Azt Avpt AE3E Ao gk ke E ol
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4 99 #FAE s EFW A e
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E 4. 907 74 2 sebie
Table 4. Packet Format and Parameter Values

Channel Bit Rate 1 Mbit/s

PHY header 128 bits

MAC header 272 bits

ACK length 112 bits + PHY header

Payload length 2048 bits

SIFS 28us

DIFS 130us

ACK_Timeout 300us

W 3% 3% & EHIF dae5s 73 5 olck
3 39 dE|Felx] gl & 4 9l%e| EKFe}
Al Hlde] Alg]Z(taylor series)E ©|-83le] Al
] AERE A= 2 (0 (o, ) S AREsla 9l

£

odukAlel [EEE 802.11 3HolxE #HA Eauw
2l Alel(state)”} FA3H WS —°r7} . 0|
-

Lol= Exow s olelec] gtk A
ro|=o] EAS oF 4 9l o9} ke ﬁ}ﬁoﬂ A

EHIF7} xo]= AHXr} 93 o}E g Hr}
2]t Fejolth. EHIFS A4 Evd 5o 34 2
He AR & A, ARAPE g4s Wt s
=m Bl8(cost)7t AXAl = AolaL o= Zl‘”%
2B (worst case) &, J7F Hd7} == Aok
EHIF= o] AgellA olelE 7P 243} F 2
Blo|t}. EKFolAE 343 Wsls 7xsh] sl
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St
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o)z wA% A 7Kk skA]R EKF=
7pAl A kolz= ke A8s] sl
CUSUM «daE|5-s 5712 AM-S=E EHIF Hr}
ARk okl F= Folvl "ok Emlde] wiEzE
ARgShE o] tntelx ol A9 il o] zhedd
A5 frefslct olel’k WAlelx] & w EHIF=
EKFRt} f2l3h dejetar & < glk

deje] A FA4F =5 A 13 (719 Wl
5

=

Me =
- OO0 -

iz

theollx= meo|AES FAsle] IEEE 802.119
s

Huld 5 A8l Al 2wl uledsle] EKFe}
EHIF Efe] A5S A3kl 2E g
MATLAB 7.11.0 & °l&3lslew, 118 4 W
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Saturation Throughput

fol2 7 Erldse TSl weAgeld 7
A3k IEEE 802.11 PHY+ DSSS(Direct Sequence
Spread Spectrum)® &% EF(slot time)<> 20us
ol CW,. CWmaX% Zbzb 329} 1024 o]tk
2 9te] OB 8 deleeis ¥ 48 /e A
A sl =3k ¥ &3 (observation slots) B
= 200002 AR 27| 4 Held = ”o
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el e,
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é I I I I I ¢ i
= s e A B |
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° I | I | I | I | I
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Slots x 10°

(a) Fixed Contention Window Case

i i

| [ 4
207777\777\7777\7777777%"77\777\7777\77777777
! | | | | : ' | —— Actual i

| | —e— Estimation

|
1 T
0 0.5 1 15 2 25 3 3.5 4 4.5 5

Contention Window - Saturation Throughput CompetingTerminals

(b) Estimate(EKF) Applied Contention Window Case

72l 3. CWmin ¥} Saturation Throughput 32| 37|
Fig. 3. CWmin versus Saturation Throughput
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Fig. 4. EKF & EHIF estimation in saturated network
conditions
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Fig. 5. Results of Saturated Network Conditions
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4.1. Saturation Throughput

23} *2]2Ksaturation throughput)> ¥z &3
v 2 Eede] AJF]E payload €% 9
BHIE-S oujgit) o]= A Ad A9 ARER
B 5= oo™ %3} x]2]=F (saturation throughput)
< Hdstslr] e AR Held 5
d3ld A (12)3 o] W o= =g
CWyyipoll mbedslsd fef?l A (12)9] n 5%
A Erde] Folw, T AA i AHE: A
(Header, SIFS, ACK, DIFS ¥3holc}.

Y
P
s N

(o}
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E 5. Saturated 37ollAe] A}
Table b. Results of Saturated Network Conditions

(a) Mean Square Error

E 6. Non-Saturated 37ol|4e] Az}
Table 6. Results of Non-Saturated Network Condition

(a) Mean Square Error

MSE Variance
EKF 1.492829 0.055072
EHIF 0.915706 0.022531

(b) Saturation Throughput (150sec~160sec)
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MSE Variance
EKF 4.363303 0.792361
EHIF 1.528985 0.110101

(b) Saturation Throughput
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