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Abstract

The optimal AP placement for wireless LLAN is important factor for improving service quality
and reducing cost. Decision of AP placement is depend on radio signal strength, environment factor
and logical area property, which is user’s frequently posed place. This paper proposes optimal
multiple AP placement method based on radio prediction tool. The proposed method can get
flexibility in multiple AP placement using user defined parameter and the optimization design uses
Hopfield network algorithm. And path-loss model is used for one of radion prediction model. The
result of simulation shows that it is efficiently reduces the process to find optimal AP placement.
And the proposed optimization design of multiple AP placement can improve service quality for
wireless LAN.
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Table. 2. The receive signal strength data
depend on obstacle.
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Fig. 3. The graph of receive signal strength depend
on distance in free space.

L, (WFF ZFde]) = 0.3%

2. AHgR} Ho] wletule] 44

I3 45 F4 LAN Aplag AAskast she A8
Ao} Hmiwelrt. 23 4ol ‘fAl LAN AA AY
< oigskel Auz) AxEAG AT o] uAH
4 LAN X E7} A5 A9 54 LANY A}
ANErt F2 AHely, At 2 dulwele] x|d'Y
ASoll= T4 LAN ARo] gl Aldelr) Hbaef ‘3]
el 9oz o]4Ap} g spHAo|w BE A4
A7 & dHeole A4EE S dse Adolk
%, shtel A S AlE fEr) @5 We
AQe AN 5 Qe AP $xX®ut oz} AMgA}
o B} 87 =Y AHEE e AP 9A AA w
o] Pt B =Fore 4 6)7 Zo] ARer} 4o
d2lrle), UDP(User Defined Parameter)2 “d33}o]
AHARE] f4dE AP $1A] AR F3AZ 2
FodlA UDPE 0~371419) AHagk dde == 3}
A, @l & T LANS o447 §& A
A& ofuigich

{ dx=0,1,2,3} 6)

— = A HHBIOIE X 0
e T4 LAN 2X X1 > 1

R N 2
0 519 3

O3 4. AW Hdx o
Fig. 4. An example of indoor floor plan.

(374



200242 98 BTIBERE #3948 TCR HIoOH 5

3 o= x¥

23 Huwelx] A% 7tEe] 9%E T 849
229 A stz il x@os I At &
A Zol7] $l8led 2% 49 2 YHEE ¥ 5
o} o] BFER 7tAadlsie] walahel ¥ SellA v
o] gl B2 H e L9 =4 ule} R
HlEol 9% Azt Aske wod gA et &
oleh 714 3 Q& 7t B2 qJdag Jepdick

12345678910

#| 4
;[Y’

P ApE
© ML= u= a0l

Y AP
v’ Station

O wh—
<
B

a8l 5. 743t 855 39
Fig. 5. A representation of simple block diagram.

a3 5904 sptel B2&  BLK(H,9)E yehict
W, BLK(3,2)°l AP7F 1%18ke 7%, BLKG,6)°l 4
e Aol shte] ANE & L9 FAH9gE
ukory BLK(4,9)° $1A3he 2HelAdS L, L9 #
&) 8kg HhAEIch

=3k ARl Ao sjejriel’l, UDPy 7 £8¢ o
ale] A E|ojo} sl2E ‘ UDP(, )2 L

a8 6 BEx9] 7t BLKS} RSSL, UDP #A41E
Hzg [P dojrt UM, x=Ev B £59
BLKS ez, 7t = UDPE 729, k= Ao
2 9Ask= S RSSIE veRdth o714, Tx$} Rx
2lx)ol) wlebA] ‘ RSSK Tx, Rx)'2 &3P, RSSke 2]
3)Esld T 4 o™, RSSKTx,R0)et RSSI

BLK(3,6)
RSSI((3,2),(3,6))

BLK(32)

UDP(3,6)

UDP(3,2)

RSSI((3,2),(4,9)) BLK(4,9)

UDP(4,9)

a7 6. 259 gz ¥¥
Fig. 6. A graph representation of block diagram.

(Rx, T)& AP$} 2slo|do] opyty Balolm® 7h2
& 7RA ik

a8 67 2 a1 ZE AP ¢ 1 2E EE
o] #A ARE TIYUch A5} Axae 13 63
7 ael= 33 J¥wken BLK, UDP, RSSI
ARE e g HAHE A "k

B =RoiE 4 AlEe] g Albsled] -
2 2de 2 gl dol-Edely mdl Fof ot
2 ypile] Agd & glck o] An A% 2dd
Falo] Bl 2AH7) dio), A5 % dAle o
kgt upye] 28] 73t

V. AlA2g 0|23t Access Point H&l

M X3 AAH

2 ZelAe Fhs A% 728 AP HAE 5
stHog gdshy) 413 3 bl % FE= A
uke] A AP ¢34 AAE % $H A A
Ao A FAel el 7lech

1. F4= YELa F#=

Fd= A7 AsAgy AW 242 AA o
U2 Hasigiche 53 5A4¢ Za, Aoy
A3 FAS WP oz sAsked %o] ol&¥rrh
% 7E FU=E AAYY] FEE ek

Fo= vEINA 7 7 Alele) A o
Aolw( w; ;= w;,;), ZE 7 vlEr] AR FA3

54 A

agl 7. Fgs AADY 22
Fig. 7. The structure of Hopfield neural network.

2 AP 9] ¥4 ®¥

a9 59} 7 BEEei] 54 EEo] AP} HAI3
E A9 o]le Sehdoz WA sk 23 Y,
V.5 B8} 1% 8& BLK(3,2)% BLK(4,9)l
7zt AP7d AAEE 74$E g2 ¥ dlelth
Vae APY &4 38 el R 0 == T
o) 3h& Zect

(375)



6 A #7 o4 A LAN Access Point®l 9 A4 H#=3}

12345678910 vy,

LT T 1] ] 0000000000
2 111..0000000000
3] _quoooooooo
AN v 0000000010
5 ] [T] 0000000000

T8 8. AP ¢ 2344l P wH
Fig. 8. An two-dimension matrix representation of
AP position,

V.o o] ‘I'al #$ell= BLK(x, )l AP} 91X

HER

=Y 7 A, @& Ade Mpla & 5 g o
‘2R 4 AA AYE HE 9 APR Apla & £
W=E 3] 93t Ao} & EdHE 873 A
o2 271 29| UDP) 93 o5} AP7F 4AE 4 3l
A oA AnpHog A A5o] = wEe
2 AP?] X7} A=A el

BLK7} 570¢l A$S wes] ¥4, 29 109 @)%
o} M Ee] RE kT RSSIFORE AT sk 9%

& vhehdict
a7 8sh 28 234 Y ERelAle) A V==
fzl= A (D3} Zhe] Feizich

E=— 2 ATxi,ijxz'Vy;~ ;Ixivxi (7)

E P

l\.‘)]»——'

AA7|A, T, BLK(x, )9t BLK(y, )7} ZAjAS
olx, I.,v BLK(x, i) dxlolch

3 HA9 AP x| HAS % =A% FP= yE
A oA 4] A

AP Al gk s mdelx HAe AP S
217) YaAE F 39 2AL BT kEso} gtk
E 3 27 12 AP AAR AP oA #HA
b olFIAEE 3] H% &Adelrh ‘A 2&
;zessxx, D A RUDP(xi)7b HWAl BLK(x, )7}
AP?| $IX|2 AAslr] A% 2Zelck ‘A 3L st
©] AP9} QHassociation)d}7] $J3F 2702 AllE
of 5 7 o} AP7E A= 79l v AP
28 Mulavt 7Fsgt EFo] HHAgglc) oleidt B
A7E 2Ho] A2 7+ AP2] Bl E(beacon)AlES A8}
o] Mslel 7w 9 AP EdY S-& wejsied, Addt
(reassociation)?H4-2 -3l slie] APejst dgtsHA =

BE APe 17 99 o] z2Mile] Mula & gle
2ol gk BSS(Basic Service Set)E 3Alglch BSS
2] #3kql ESS(Extended Service Set)2 BSS7F 4]
W FEHeR F2 3d] BSSPF ==
£ 7F 4 ok BSS7F AAR] e ESSEEAlAE
AR He o] APR Yl A9E s & 5
AR, EA BSSell Edje) AFEE HAeole g
zHloldE2] Adso] F43] AspEich wbde] BSS7t
ZHHE 7ole oje] APAlA Edige 5 2
g & 4 Q7] "] 7} AEle]Ade] dlely AEES

E: 3. A9 AP 94X AHS % 22
Table. 3. The conditions to plan optimal AP
position.

271 1 APSIX9] #E8 ®¥eA AP 19 £
(2ZV e A 7L AR AP 9} Edsje}
Fhr}.

27 2. 2= FHe\Y * BLK(APYA) x=¢ a4
= RSSIF0), =& x=9] UDP % RSSIxe &
< Hup} =lojo} ik

. 25 BLK(x,1)'= 3h1e] APelAlet <d3k&
£k

. 3= BSS(Basic Service Set)e HAv) =Hol
of i}

B
g
w

B
b
N

32l 9. AP $A <l w& BSS
Fig. 9. The BSSs depend on AP position.

(a) 7] 2= (b) A5} o=

3 10. Z =] A3} Ay
Fig. 10. An procedure of graph optimization.

(376)



20024 9 EFIBEHLE $£398 TCH HIR 7

(full-connected)¥]e] lrk 1714 RSSISH UDPgkell 71
uto 2 A3 HAS Bl 54 sl AP HAE2
A= 2 9] BB pul g Apoir d§lgi) 2
2 10¢] (b= AP} 20l 752 #HAshd a9z
& vpehdict

% 39 #A AP 91x] A4 =4 g Fzte) ¥
= olx] 4212 A (8), (9), (10), D3} 3}

E=4(ESV,— ®)
E,=~3 Z3V, TRR(:, D )
=S ETTTV.Y,, RS (£, (1) (10)
== ZXTIITV.LY,

COM(RSSK(x, 1), (2, ). RSSK (3, ), (2, ) (1D

o714 A,B,C,D& 499 FH= ovA] A ghola,
x,4,v.4,2, k5 BLK®] Q925 vjepdc] »& AH8x}
7} Re)g APS) B4o)in RSSK (x, 9, (y, )= BLK
(x, D9} BLK(y,j) Alo19] Az} 7tx2 A (12)3} z2e]
A4k 4 9lrk. TRR(Total Received Radio)e EA
EEo| AP7} 91X o), o & BE E50] Ad) o) 58
vehll= 2 2] (133 2ok coM(Compare) &<
= 5 FehlE FollA E 3E 2" ke otk

RSSK (x, 1), (v, ) =PLK (x— )+ (i— )%
- 20,‘*L,‘ (12)
TRR(x,7) = );J;'RSSI( (x,9), (3, MN*UDKy, /) (13)

FE= vEdae HiduRle =S F2igt
22 Ao} Aol A A7} Aol HEE 5
o} gt} A (@) A AskE= 19 7t AP}
A gt 2ok A god odxE ZoTe 5
Aol A (92 UDP 2@ RSSIZ 783 Aujx e
= el Ao S8 ARk gl He 9
A& ouistng ouAE At A (10 3}
o] AP AMrja wWe] ool thE APZ}F EXliske A
N ool APRHE Al 7hsRE HEo] Srlkshe
AE Bol] S #2427 BEe] RSSRIHE
AR E FFMITIe Selch A (DS F ol
APA 33FS wh= BEe] A5 & BEd 73
A g 5= APolAY <3S WheE 3l BE £F

+ de® Auls A2 vehlle 3feE ouxE
AT S4]elt

Folxl FAE AF) A AA ohix] 2l
E\+ Ey+ Ey+ EZ} Fa, 018 A (D3 vlashd 243
A%esh o2t 2kt A (434 4 (15)% 2k

Tiyi=—A—C RSSR((x, ),(y, 7))+ D*
ggcoM(RSSR«x, D,(z, ), RSSR((y,7),(z, k) (14)

.= An+ B TRR(x, 1) (15)

A 193t 4 (192 24 e ke FE vE
AT 4oh o] AR T met FHATI A
42 o) el Seishl S, o) W) 3, Vel
Feigte] 2] AP 44 $3o) Rk

® 4, ¥H9x vEYa AP 54
Table. 4. The processing rule of Hopfield net-

work.
Step 1. zefzE FHE nE Fola AgisiA shiE 4
alghc},
Step 2. ¥R =ol BLK(x, D29 18 23}
u ,{F 73t
u (= “Z;W_T iy V)1
Step 3. u{D% ol uwkd  BLK(x, )9 £#<l
vt 1)& gL
if (u (D =0)
v (t+ D=1
else
v {t+1)=0
Step 4 BLK(x,7) °19]9] x=4l BLK(y,/)< &%
W3] 7]A] eder
v, {t+ D=0, ()
Step 5. A oAx7E 54 gholl ¢3E wW7R] Step 12
Fopzkl

1137} o] YESH=a duixle] F44
A Adei7t " S gk ol Al 2] FY
Aele & 39 2 2F W53 32 A9 #A
o] AP $17]ell #F=A) eect

377



8 AW A oAl 4 LAN Access Point?] 912 A3 A3

ol 4 X

T8 11. MiEY = A e uvA #A4

HER 5t

B 5. 24 AP $ix& 7] 9% &3 AR
dweE

Table. 5. The sequential computation algorithm
to search optimal AP placement.

for(x=Lx<10;x++)

for(i=1;i<20;i++) { // Tx$12:BLK(x,i)

TRR(x,7) =0 // TRR(x,i) 7%
for(y=1y<10:y++)

for(G=1,7<20;7++) { / Rxel Al BLK i

ﬁg; 11. The relationship between network state and
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3 59 % 6& A & il olgsle] ¥4 LAN
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i ((x#3) (EM L
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/| BE Rx$1 A eNA 9 A5} o2 FE A

}

search( AN TRR(x, D)); // A% TRR(x, )9 BLK(xi7} #3 AP 914
}

k24 6. 3 AP A E ] 43 A
R R i B

Table. 6. The Hopfield algorithm of neural
network to search optimal AP place-
ment.

for(x=Lx<10:x++)
for(i=1;4<20;5++) {

for(y=1Ly<10;y++)
forG= 17207+ +) {

Temp=0;

for(z=1;z<10;2++)
for (k= 1; k<20 k++) {

if (x#+y) and (i+) and (x*2) and ( i+ k)

Temp= Temp+ COM(RSSK(x,),(z, ), RSSK(y, ), (2, B));
}

if (x+y) and (7+7)
T 4,5i=— A—C RSSK(x,9,(y, ) + D* Temp;
} // 7 BLK9 weight 474 24

1.=An+ B TRR(x, 1),
} J/ A e o) HH AP 93

‘2713 el 23 139 (@A, AdsA v, 3
& £t FHA3 Al & 49 AT A 7
Aol we} oz|e] HAidg A Hek 27 139 (b)
st (0F A HaAe bl AHE ekt
‘Fa A ouAe] Haddd =gl dlo] Az
a7 139 (Dol Yeht Ak

® 72 AEHel AFE el o714 oz
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Fig. 12. The block diagram of service area.
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Fig. 13. The procedure of simulation.
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(Optimal BLK Position), 4 4JE9]3 ofLd&x)(Net-
work Energy) ¥ 7t $59] 4l 735=(Signal Strength)
& epiich

13 149 (a), (b), ©), (@), & 247 APE 1, 2, 3,
4, 5 628 AT Agol EES] PAIEE UG R
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BE249¢ vebdch AP 471 Eold9% UDP7F &
Foll A8 Egg 83 £-83P7] 5l AP7L
S AdAde o sk 2™ 149 ()9} el
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Table. 7. The result of simulation.

State of Minimumn Energy
# AP ontimal BLK | Network Signal
Position Energy Strength
an 4056 | 19 14, ()
2 37§17 -3031.2 | 249 14, (b)
3 | 37 @®1D 98 | -71933 | 19 14, (©
g | W) SBED g2 | 29 14, @
(16) 36) 311 | _
5 (8,10) (10,19) 240603 | 1% 14, (e)
1,10 (44) 412) | _
6 | 67 (813) (1620) | 7354921 | 2° 14, (D
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Fig. 14. The receive signal strength depend on AP
position.

2o Eehy 8¢ thesh] sk o AP/ B4
i Aol 7+ APS) Ado] 7Hle] WA A
AHG A Yol olHAel B

£ ABdolded 829 vl 4m *» 3m’ ojek
gebd AdE shle] BEE O e EFOE el
Al AlZure] s Alzdel QAT e F4
3 AP $1%8 A4 4 gloh L2o] BE4sS AT
Azde] ARERE A Zobsh) e, Aela
Aejo] Yo Aol ofe] TAZ LPre] AlBHlelAl

(319



10 A g4 FA LAN Access Point®] 912 H4d #A3

& opek webd, 23 139] (09 22 AEiellA] ey
Al Sl lske AR 7] died] AT oy
A Abegk Aol dgsio) w3l BaR-uAld 3R
Hay eHEC] & daElES o8 o vk Al
gk AP AA HbgE wHE A3 Fslo] HA oA
ARl s7bsslel, AR Axe oA ger %

HER 5t

Sl Aot olE 29 o)g3je] AsjeIiE A
Bo] 7Psska BEAT Ade] AP 912 Aol ol%
9 % slk

- |

[1] Jim Zyren and Al Petrick “IEEE 80211
Tutorial”, http.//www.wirelessethernet.org
[2] =8, “BAM LAN 7l& 58" 35541837

QEP q‘ﬂ_‘al §7 AP A3 A=E ﬁ"%
& Slek

VI. Conclusion

T4 LANellA= AP2| #1x]dl] we} ] 2]
gk Falo] dlzA =lus HAd3 AP dAe] -
Aol ol FUF A2 FAANM AP] -5 F
d 5 3, L 9 APE AMA A4S A
FE ouz o9 Fegh Aok =3l deo] ok
o] Al Widsle AFFA BAE 74 LAN AMEAt
o] By 87 Akl w2t AP HAE oA HAY
FoAdo] Wbt 1wk o EAIE didE]
fAsix= APl Y XS AdAske We] dasich
2 e AW A4 e Bgtes wkE A7k
o] tHs APS 91X AAE HAs T we At
stsirt. dute] A ARS gelsly] fsle] A oS
zdo] shtel Hx-2r wde 439y, HAse
7339} 9= ENaS o83l AR A
szl UDPE Fol, 74 LAN ARgAte] =i
87 =g A3 A whgdgezy xe} A4
she AAPY 7hsdtes stdch A 3738 dges
g AlgHold st whE A7kl #xe] AP 914 44
o] 7Fseta, EHE o] ApelA A3 wiyd 4
e AL 7Fsshe Salsilel w3, Akl whe

* B BOEER)

A LGAAF WLLsHg 14 5
dadT A <FHAlEok HHY
Az}, FPGA AA|, Wireless LAN,
CDMA.>

oS PN |

178 113, pp. 1566-1581, 2000.

[3] Jim Geler, “Wireless LANs 2E : Implementing

High Peformance IEEE 80211 Networks”,

SAMS, 2001.

R H Wu, et al, “Planning system for indoor

wireless network”, IEEE Trans. on Consumer

Electronics, vol. 47, no. 1, pp. 73-79, 2001.

S. A Chen, et al, “Optimal prediction tool for

wireless LAN using genetic algorithm and

neural network concept”, IEICE/IEEE APCC/

OECC’ 99, Japan, pp. 786-789. 1999.

J Z L BH et al,

methods for propagation prediction for indoor

wireless commumications”, TEEE Antennas &

Propagation Mag., V.43 N2, pp. 41-49, 2001.

gds, ‘B LANT 8% : Wireless

System”, SHUFIEZ Y2, 1934

[8] W. Honcharenko, et al, “Mechanisms governing
propagation between floors in buildings”, IEEE
Trans, Antennas Propaga., vol. 41, no. 6, pp.
787-790, 1993.

[9] James P. Coughlih, Robert H Baran, “Neural
Computation in Hopfield Networks and Boltz—
mann Machines”, Univ of Delawarc pr, 199,

[4]

[5]

[6]

“Efficient ray-tracing

{71 LAN

B2 MiEgR)

19861 : Foliela Hzlgsta) st
AL 1986 29 ~19899 84 : &
AR TR FUL7Y. 1989
Q84 ~3A  1GAA WLl
T AdATY <FRAReR: &
FAEA, Wireless LAN, CDMA,
GSM, IMT-2000.>

(380)



2002 9F EFIRMBHLE £ 9% TCR #HI9W 11

£ MERR)

19833 29« o) A7)t} 3
AL 19904 29 Fed i A
7128 AAb 19934 19 ~1996
94 @Y Aig A7)
19964 99 ~&A) : LGHA WLLg
AT a7 <Fle
of 1 541841, Wireless LAN, CDMA, IMT-2000.>

F 8 NERR)

A - s st AAANN S . <FAlEel:
VLSI 72 A 2 A% A3, WA=, Wireless
LAN>

(381)



