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Abstract

Indoor localization have been a major issue among the many popular
mobile applications, such as personnel or cargo tracking. One of the
feasible methods is to utilize the attenuation characteristics of radio wave
with the transmission distance to achieve the positioning purpose. This
positioning parameter is the well known receive signal strength indicator
(Received Signal Strength Indicator, RSSI) of Zigbee.

The location fingerprinting is commonly used in the Zigbee indoor
positioning method. The concept is through pre-measured footprints of
the RSSI values at preset locations constituting a fingerprint database.
When in on-line user mode, the user’s true locations can be acquired
through comparing the ratio of the signal strength of different access
point(AP) with those in the database.

However, in the real world of radio transmission, the signal strength
values (RSSI) are easily subjected to noises from surrounding
environments, thus affecting the differentiating rate of finger print
method. The locations of Access Points(APs) will affect the accuracy of
location fingerprinting. One extreme is to place all APs in one location
and causing all the signals to be the same, and target hard to track. So,
this study was to investigate the AP position selections using particle
swarm optimization algorithm (Particle Swarm Optimization, PSO) to
find the optimal positions. The study starts from one-dimensional
theory, then extends to the AP distribution on the two-dimensional plane
to achieve the best coverage and recognition rate.

In this paper, three one-dimensional PSO design methods are
proposed. The first method is to move one AP at a time, then calculate
the value of each grid position, then find the best position by use PSO.
And the second method is to move one AP at one time, but find the best
position by using PSO directly. The third method is through using PSO
for direct distribution of all APs, to find the best position combinations of
all the APs. Due to the excellent performance of the third method to
accelerate the optimized execution time of simulation, the third method is
chosen to extend from one-dimension to the two-dimension AP
distribution.

Third method is indeed able to substantially shorten the computer
simulation time to optimize the execution time of AP. A computer
classroom is selected for testing the simulation results. The positioning
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system based on the simulation results have shown a reduced position
estimation error in both average and total scales. Our method is thus
proved feasible and can be used in real world localization applications.
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IFEHFL R ESINBFEEE L3 HPF S GRS E 0 AT

v]{ﬁ;{-]?lfﬂ- [ i ;L:-g”ﬁ 3 ’|‘Jr’*i’1)'1'3’= o
3.5.2. AP &~ #F %3 .

BT - BAR N A - B AP A AP A2 P2 D
MR FAFHEFEFLHRE B AP T B EERE 0]
345 1) 3] length_max (& < Pl3E 4 )

LT AP R E R AR SR A AP T R4
P L - B AP chin ¥ xmin(E & - 8 AP R A 0) I L i

— % AP 0= ¥ xmax(% & = ¥ AP 3K 5 length max)

xmin < AP < xmax

3.53.AP A # %2+ (3 B APRE)

AP ﬁ’lﬁgﬁéﬁﬂﬂ"%#']xnﬂn<AP<xmax
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- 4~

it

[
)
L
N
:H_.A
2N
)
L
o

LR - BRAnasg e #ou
IR EF2ZEEBRFTEFIEERLAPE G 2 ENDER
APtz s » AF - T fpiR P > k3 i iF Pbest 12 2 Gbest &k § 37
B o Ris /A RS B ta T2 HIEEE AP A

ECEERN II‘*L»%LAPl ~APo s APs e 2 i B

3.5.4.3f & S #kc(val) :

BiZf8 AP A F 2. T GRSST iE B
FI# (3. D383 8 Mok AP~ # A% B pF & B 8LRSSIE &

y(x()) » Bfie & B @ AP % B g 2ERSSI

Inputreader—1 Inputreader

val(x(i) = > S abs(y,(x(i) -y, (x())), (3.2)

j=1 k=j+1

$erd AP e g 2 ks

val=Y Y Y abs(y,(x(i) -y, (x0)), (3.3)

g% ’—"ﬁ”ﬁ K YR

3.5.5. i B3 #k(3 B AP ®P)

[tmpx,tmpy] = zigbee infncurve20(p, 0, max(length 1));
//AP A 3G E P & AR BERSSIE
x(move reader,:) = tmpx; y(move_reader,:) = tmpy;
/)L EH X - Baer
Val(i) = Zigbee move reader(input reader,x,y) ;

//3 8 & 4 L BERSSIAR ¢ 05 (Frssil —rssi2 o rssi2 —rssi3 o
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rssi3 —rssil

3.5.6. % B & fp it

Input : % AP ¥ r/ 4 - d& [f], 2 & AP ch ¥ B %2 8 RSSI

Output: 3% AP & F = %

#H 3% 1~ @~ AP 97 i # Bl (xmin to xmax) o & 4 3.5.2 ¥ #rK 3
Bl B FEBEORFEARE - Bl BOREIF > 2 A5 - BLT
10 B ez, & BRI B 2@ 5305 1| ame g o
P={P,,P,.. Pio}//let 1~ 10

A2 AT o SR SR AE B R (O)F HEF(V) -

o

X={X, X0 Xpobs /425 1~ 10 e %
V={V, V.. Viohs /F 1~ 10 chid B o

W3 B i g o R RS REE B i
B o

# B A~ E - BT i B8RS SR P & i & (Pbest)
Wil BEATORBEV R I R EFR/E S PIURTHEE 2GR
R S E R E R RRE
Pbest={Pbest;,Pbest,...Pbest|o}; /= 1~k 10 i T BB -
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CEEREEE TRV T R R S

(Gbest) » B 4o b i Jio B0 M eh B B w < > Bl

A

BB QYN ERBHOEF IS SRS 2
HET-BrpFid KO EIHEMIETRERE
ey e

Bl 115 302 = A2l > 4 - el ~ AP BB 2RI -
A - B AP S - APT BB RPN 0L BISA BB RSST E E

BRI PSOFSHINAPERGE » B PHBE TR » £ Rt H

i

T2 3| AP =¥ BT 5 1k o
FRETG (AP & e e
—> A >
- PR R L ek AT WREE9
7 RSSI &)
7y

B 11 3 ;%= ;4218
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3.5.7.% 2 = R 7842 W)

B 12~ B 13~ B 14~ B 10 5 @& * ;2= > pli# 4 F 2000 - AP 3 #c

& 3 3l {7 1B AR B

PSO #4544 - AP e

Strength

vl - RAsea g As F o - A E - B AP I

Bl o PRSP TEE o

-20

A

-0

-80

Strength

A0 b A
120

140 e

-160

i i ; i ; i I i i
o 200 400 BOO 800 1000 1200 1400 1800 1800 2000
Distance

B 12 - Bigfs s+

Strength

-160

i i i i L i I i i
o 200 400 B00 800 1000 1200 1400 1600 1800 2000
Distance

Bl I3 idaegi ]

-160

i i H i i i L i i
0 200 400 600 600 1000 1200 1400 1600 1800 2000
Distance

B 143 FEameg i 2
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Strength

-160

AR S S SN R S S
1} 200 400 GO0 800 1000 1200 1400 1600 1800 2000

Distance

Bl 1o FEAERF" I
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363 2= (AP&5|sr#) %

Input : AP #c 2 , Pl3# 4§ F
Output: % i AP &~ #

ERE®Y PSOFHF AP chd d o 7
3.6.1.F By 2% .

TEZ Y s BT PR A - fBAP AT A R AP A it 7

Lo

EARE T E - BRSO RFEG no P={P,P,y. P} # BRI
FripaAE@ i AP BH) O I uEAEY > BESF A EDE EEA

]

AP # Pf' E—jj‘zg‘g 5 ‘p v}fl%if@_d,g{j\’iﬁ ‘]’ ﬁj—g ﬂidff_;j‘ E”j,"%:% o

¥

TR F RS Y RAT A - B R RS 2R RS A
Q#/~’ﬁ?3§’i ‘3&5}?‘—#‘5;]]5”{7‘ fiﬁf#“i_% ’ \ ﬁ'gﬁkliﬁ#m”“ﬁ’m’rlj
fo RrERE o oA g B E UIEE R T2

s B AT

W4

N\

AR BT  FEFRAP 2R F AN Pl T oo
3.6.2.% B AP & # %3+

50 FEER SIS RPE S v AR PRl AET ji—L;:}:;"‘? DE-

)

B /F'J;é‘lﬁ,},@\:i'ﬁiﬂi: g X F e 3 Bl b A ﬁ,p; o 4p

HIENFLIRFR LI RAT R Y RSl S S T A
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o+ 8|10 50 100 150 200
M=
5 KT i T ATt fo 8t (3¢
10 T & F |z 8t Yz & Yz & Yo &
20 K T at &k fz & fz & JT &
50 Yz & T & YT & fz & JT &

102 BT HEHF A GRIEFE T 200 AP B S 3)
'@ﬁﬁfﬁ—%ﬁ&@%w-%APﬁ?uﬁﬁﬁﬁg,n@Apgﬁ,

FRRA S RAE S RAPA S ] B A 2 G AR
Tl FRFBEFEFIL 0 RF B AP ST BB R OS] R
74 )3 length_max (B < P32 # F)

P LB LEA T Y 0 A AP R
0<=AP1< AP>< AP3 <...< AP» <=length _max

E AP chi= B A2 AP, R#- AP, chiv % % % AP,-1 EHub ¥
0 FAP B AZET 0 PHE-AP =B 75 00 1 KR o
3.63.4 % AP & # K33 B AP ) :

¥+ p(AP],APz, AP3) ’ AP] > AP2 > AP3 ﬁﬂﬁ%ﬁv%lﬁl‘“‘lﬂ'&rj 5\“ ’
Aﬁaﬁﬁﬁqnﬁmyﬁ§?ﬁ§%@0cmmmm
AP, SR ¥ 4 B 4 [F] AP\ < AP> < AP>

AP; R ¥ # & %" ) AP2 < AP3 <= length _max

2T - BAOrE WA T LR E R LB ESN
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ERRFA2Z BRI EFAEEREAPE R B BB
AP et 7 & » A& - =t fpik P 3 i iF Pbest 2 2 Gbest & { #7
P BiSAFRIEE S BT jtar TEHIFEEE DAPA

3.6.4.38 5 S d(val) :

%3448 AP A 2. T :h RSSIiE &
F1 B33 B Dk APA F fegn B £ B 4 2 BESORSSTE

y(i) o ZA1* 33) 3 E A Hr3 APEE 2 FRE

3.6.5.if B S B3 B AP :

[tmpx1,tmpyl] = zigbee infncurve20(rl, 0, length_max);
//AP1 A L% % pF o & (B 4+ 2LRSSIE

[tmpx2,tmpy2] = zigbee infncurve20(r2, 0, length max);
/IAP2 A 3% % pF o & B eagRSSIE

[tmpx3,tmpy3] = zigbee infncurve20(r3, 0, length max);
//AP3 A F hiZi ¥ pF o & B4 2LaRSSIE

= [tmpyl; tmpy2; tmpy3];
[[& & & - BAEL
val(i) = Zigbee move reader(length l,input reader,x,y);
/35 % B 3 Bhrssifp gt e0H5 1T rssil —rssi2 0 rssi2 — rssi3  rssi3 —
rssil

Boisfcacis s 0 L BT EAARSSIEE A4 bt Gk B o
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output %% > % (AP A T
3.6.6.;% B i fp it

Input : AP #c® , iPITE ]

Output: % B AP & #

#H 2l ﬁiaa] » AP & #ic(n) 4 2 P3¢ 4=l (length_max) - & 4= 3. 6. 2
ATt A - BEG 10 Bk arREE s T kn B SEEE 5
RATIL: - B @iz & Gt ot n iR

P={P,, P,...P,o} /45 1~fF 10

WD~ A i o AR K LE B bl 2 Hag oo
X={X1,Xs.. X} /3 1~4F 10 110 f6 AP & &

Xi={Xi, Xpp... Xp i/ 4eF 1 ] et 58 AP =%

V=V, V. Vil d 1~fF 10 chig B
Vi={Vi, Vi Vi ® 1R s 46 AP i B

A3~ B chi B R RPRR A S B R EFE BT i

L
EI o

—\

HF A FE - BT G RS RS T nE BB R B
FATRE B0 b BB E A R AT R G R E

TR EfETE 2 FRE
Pbest={Pbest,,Pbest,...Pbest, };
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WD~ F - B ki R E 8 HE ok & i & B (Gbest) v
oo BERSF PEREFREFER AR FERES PR ki
AR 2 PR ERR £ F IR GREEEERRE -

HA 6~ R QYN M AEF I B IR T R

HF T~ B+ EAHRIHRE ENERIETRERE
BEAPng fo

Bl 16 % = 72 = A28 i A2 W]

d = BApgy o~ AP BB RIEFE R I PSO B RF S AP B R A

WO E R (Afh b e AR
—» et > N >
AP » # = RSSI i# {37 gD
¥iE)
A

DN i S i

b
B!
X
ks
K3

4y

B 16 =2 3 in42H

3.67. 2= {7 EEF

2000 - AP i #c 5 3 34 {7 B A2 R
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3. e AN RREARFTEE R

3701 AN R R

FRIGEFF G s AP B#c: ro T B n PRSI HKL me
Bl AN 0 FL - ABE- B AP A 1 B AP F B
Bl s> FIRtHEAFRE S O®S) -

EFE-¢ o F LR PSOFHELE <~ B A r R R
PAR AR FRHARAE S O®F) -

G- d , FL % PSOFS 1 B AP chb =% »n BRI @
Bil>52#HFm= - HiFseR % O(mxm) 11 B AP #if 5
E % O((nxm))

bz ¢ o @ % PSOF45 974 AP b # A =% o n BT
BRI T EHREFm= BAFRAE S O (nxmxr) °

Zo 1k AR ER AR

A LR A Fe R bigO

R A% 3¢ O(s"irl3&# # s » AP B icr

= k- O(s") R3¢ Fl s> AP Bicr

I S O((nxm)") RlEFF s> AP Ba#icr > & = m
e Onxmxr)f T HFm- r 2R

Z 3w FEATAF SRR A
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37.2. RAHEA TR F VR,

T PR

CPU : DualCore Intel Celeron E3200, 2400 MHz
Memory : 2048MB

2 7 3% = :MATLAB 7.10.1(R2010a)

3.7.2.1.iR13 §# 7 1000m( = & )FF - AP $c B 22 8 PF 4T R
#

%25 APHE 5 30 A 2 REEFERF G 1000m(= < ) - B 2 BAR

Falia =S i

Number of | AP Position RSSI value Runtime(s)
AP
Original 3 (91, 500, 909) 5.9783e+004 86. 2200
program
Method 1 (91, 500, 909) 5. 9783e+004 84.1890
Method 2 (91, 500, 909) 5. 9783e+004 139.1126
Method 3 (91, 500, 909) 5. 9783e+004 8.9648

% 4 R15# 4 F 1000m( = < )pFF > AP #c & 3

B 2T PG R AR S-S 3z
Fengul> RBFEREF > RAEN 33— v 33 2 3=
RHENFS TG L L AR AR A FErG RA L)

R D AT R RS

4\*:\:

7‘?‘\ '?EE?F'&fpbb}ﬁ'ﬁpﬁi;\‘i]\ °
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%35 APEE L 4> A2 RREFF S 1000 m(2 = )pF > # 2

AR T TR o

Number of | AP Position RSSI value Runtime(s)

AP
Original 4 69,314,685,931 1.1188e+005 107.361
program
Method 1 69,314,685,931 1.1188e+005 107.951
Method 2 69,314,685,931 1.1188e+005 226.144
Method 3 4 69,314,685,931 1.1188e+005 12.1159

Z 5 RIFF 4 F 1000m( = < )pF » AP #c £ 4
B 3T NG ESTE R A 3o 3D 3 E 22

™

SRz PR R R

FHREERI Rz { A o

245 APHE L5 A2 PREFF S 1000m(2 R B & B
FeaH FREE
Number | AP Position RSSI value Runtime(s)
of AP
Original 5 56,220,499,779,943 1.7915e+005 108.7205
program
Method 1 |5 56,220,499,779,943 1.7915e+005 148.3088
Method2 |5 56,220,499,779,943 1.7915e+005 285.3939
Method3 |5 56,220,499,779,943 1.7915e+005 18.7170

6 iRl 45 B 1000m( >
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d

2 AT GF i oA RS )

=R S I
Freng w o AR b RAfN s 32— 302 o SR Z T
PoHREOFEH B EEE R L ARG 4 F Iy L E)
TP R R BR TR il o 22 D AR
A H

255 APHES 60 a7 REFF S 1000 m(2 < OF > 2 & B
BN TR o

Number | AP Position RSSI value Runtime(s)
of AP
Original | 6 49,167,375,624,832,951 2.6155e+005 132.1672
program
Method 1 | 6 49,167,375,624,832,951 2.6155e+005 133.1927
Method 2 | 6 49,167,375,624,832,951 2.6155e+005 414.4512
Method 3 | 6 49,167,375,624,832,951 2.6155e+005 99.6448
# T RIF4HF 1000m( = = )pF > AP #cE 6
§ A 5T Rt AR G- S E s k2
Renz ul > alfmR b o RAES 32 3o 2R 2 R
FHEPF ST R L AR AT 4 A P
q‘s

A H 5

HTFRER A Rdsfesi g A o
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450

400

350

300

—— FEAAER
250

—-— T
200 k=
150 —— TR
50 - —
’ 3 4 5 6

W 23 213 4 2 1000m 7 -
AP Hc B (x B 48) 82 34 17 B 18 () (y B 1) 47 5L
Ed o k24

SN EI BRI RRNT USRI AR

L AApR o R B E D REARL R T HEBEEVFE AR
BT RENAFRAE A BRI HEFERT A PO 22 2 AR

fu
>
=
l!
Z
/\‘
=
T
Niud
S
o
Gy
7
&
ey
rq‘\
W
>
|
T
e
_l,ﬁ
&
©
*-n

3.7.2.2. AP #c® F R 3 B I e

%65 APHc® 5 30 @ 2 PIEFRE G 200m(2 2 )pF 0 B 2 RAR

R FEE

Test area | AP Position RSSI value Runtime(s)
Original 200 18,100,182 1.1995¢+004 2.6950
program
Method 1 200 18,100,182 1.1995¢+004 2.7821
Method 2 200 18,100,182 1.1995¢+004 21.4021
Method 3 200 18,100,182 1.1995¢+004 1.6265

# QAP #icE Fl T3 o RliE e 200
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d 67 MG ESTERMMEN D E - B FE D D2

Rengd > pfmAkt o RARES 33— 220 s 2k = 4R

FHFFEFF IO Refzs {4 o
%75 AP#cE 5 30 @ 2 RIREFEF G S00m(= 2 )pF 0 B 2 BAR

R EFEE

Test area | AP Position RSSI value Runtime(s)
Original 500 45,250,455 2.9916e+004 21.3023
program
Method 1 500 45,250,455 2.9916e+004 20.6105
Method 2 500 45,250,455 2.9916e+004 67.1850
Method 3 500 45,250,455 2.9916e+004 4.0497

# OAP #c® A 3P Rl F 500
B & TV R ESTERAES P E - 3 E D 322
Feng wl > efmr o RAqEs ~ 3
PHENFLH B > L LAREFERF 4 F g L u)
G EZRPREY LG BaaS Pkl om 2 E BBy
AHHGTEFER I Rdafess {4 o
# 8 % AP #cE &

£ /E'J?\;f—‘;%@fé 1000 m( = = )pF » H 2 1B

#2370 m‘*{‘ (R “L % o

Test area

AP Position

RSSI value

Runtime(s)

Original

program

1000

(91,500,909)

5.9783e+004

86.2200
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Method 1 1000 (91,500,909) 5.9783e+004 84.1890
Method 2 1000 (91,500,909) 5.9783e+004 139.112
Method 3 1000 (91,500,909) 5.9783e+004 8.9648
% 10AP #c® F2 @ 3 pF > Rl F 1000
d & 8V MiF R A R AR s PR - o v 22

THH R RS A -

%95 APHE Z 3 A 2 RIEFFZ 2000 m(2 2 )pF > H £ R

e d R

Test area | AP Position RSSI value Runtime(s)
Original 2000 183,1000,1817 1.1952¢+005 432.741
program
Method 1 2000 183,1000,1817 1.1952¢+005 434.006
Method 2 2000 183,1000,1817 1.1952¢+005 557.613
Method 3 2000 183,1000,1817 1.1952e+005 17.7677
# 11 AP #ic& H & 3 FF > jpl3E 4 F 2000
d & OF URp R RARS 33— 232 2z 2

Feniw o aBbmi b o haEsS 32
SRR g R IR NE Jud

ok R R Yo P

FHHERERI Rdedess T A o
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B 24 E_AP B HcH TP & ARS8 (7 PR B2 IRLGE B IR S R AR

]

600
500
400 ’
/ —— AR
300 —-—FHiE—
/ HiE—
200 —— =
100
—
o T T 1
200 500 100 2000

Bl 24 AP #<2 F T 5 3 >
BRI R EREFEFRF(s) (v RE)ITRE

PAEe™ 223 WHBERR VAR FRERIMES R E 3 E -

GRS ER R R R AT AR B ARN e R 2 T

SRR ZF AR

255 )R LAPHEicE 11 2 APA T D RIEEF 0 L RAPE
WarFozEe o L kiadkd o ivo
e WL AP iR Elra g ko Floe 0 @ & AP 0

-

BB R BEWA T AP BRI T £V 1S 0 AP 0
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TR A B p g Bz 42 R DA
MATLAB * 5 Function : inpolygon #- AP 7% # & & ] <& 1 % -

Boif bR Y # % g frit 2 RSSIEE % &% » 4445 B AP
7 i =% WA RSSIEE » 2P 2 - B AP cni- B sa P > 2 5 th
AP =% 4 F Vil € ¥ > STIUE-AP YL KF - B APH A &
BV ipeni= % P A RSSIEE » ) prE @ h AP 28 F %73 # > § 15
FIRSSIEE o+ iz B pF o Playt AP B & 53228 » B $|“7F AP
WA LAFS B ITE D] AP B 3RH T &7 P T 9T AP
i E A APTEFH OB FEE o

SEo ¢RI EF - BAR O THH L F U & MATLAB
Function inpolygon #745 ¥l chgeFl 3 & » & At 2 AP H R B2 =) -

FEZ P kS s fl%.fé&)i‘%’“‘é PR A3 pFHEFBAR N
23 AP i =% o b ApdpEF > TR H 3 B4 i MATLAB

Function inpolygon #745 ¥l cgeFl 3 & » & At 2 AP H P B =) -
39— e - HETI - B

Input: 3% AP ¥ " # & = [fl,H i AP ch{ B 4§ 2 RSSI

Output : 3% AP & F = %
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3.9.1.% 5 & 35 i ¢

B~ AP T BB | B ek HRATRRE - B 1 &
RFEE R 0 Rh- BEF 10 BT GrEHEP) > F Bt hinj 2
@55 | e i -

P={P|,P.. Py} i/l 1~ 10

BH L Ak o R SRS B B (O B (V) -

X={X1.Xp.. Xio}s/BF 1423 10 hriz &

V={VLVo. Viohi/ed 13 10 eig &

H I3 e B S R AT S R E B i
& o

BB A~ E - BT i B8RS P B % 4 i 1 (Phest)
R AT B AR il B A 0 RIS E 2

BB 3 g 3 Fq:l ilﬁ)‘@.@’r‘o
Pbest={Pbest;,Pbest,...Pbesto};
BB 5~ E - B b i 02 HAE OB 4 B(Gbest) %o

BEld ki REVENOREERES R T kR R
BFE TR ERANF TR GREE 2 FRE -
B 6~ #H(21) 22N R PHANEF LB IS 2

HI T EATH I IHF 6 B PIHM DB E G RESE AP o



3108 wen 2= HEI - &

Input : AP #ic® iRl # [

Output: % B AP~ #
3.10.1.;% & ;& $5 3

H AL~ B~ AP Blc(n) 2 RITEFE R o Fon B ScE i DR AR
s B MORPRLE LA BEG 10 Bl G0EH > & R

F i % % i@ 3

-~

39 E n e g oo
P= {Pl,Pz PIO} //’}"'"3‘ 1~7}f_:3‘ 10

HIL i o SIS S RE Bt ein k2 B

X={X1,Xa...Xjo}s/42F I~fF 10 10 8 AP 2 &
Xi={Xi1, Xpp... X}/ 1T N & 3 AP ez ¥
V={V,Vo.. Vio}//F 1~§3F 10 3 B

Vi={Vii, Vio..Viu}s /e 1T 2 B AP aug B

+ ,ﬁ 3~ K F i B o ‘}\ﬁﬁ:’ i ggﬁ)@:;,ﬁ;;u FEBE BRI mlﬁ)ﬁéj
[

+ ,% 4~ 5 - B F mlﬁ)’@@ifﬁ’;a y s “T;lﬁmﬁx % i&[@-fﬁ(Pbes‘[i)
Wil BEATORBEV R I R EFR/E S PIURTHEE 2GR
BRI R FMETEZGRE

Pbest={Pbest;,Pbest,...Pbest;};

I S~ F - BT ko & il B8 F Ak 4 i i B (Gbest) v i o

BT e i 0 B B e L 0 B g R
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Sriask

4.1 W

r'T\P'/F Fé#ﬁgkﬁ AP&ZEL_
ST R o

%10 2 REEF RS 20520 m( 2

H o2 (AR e (7R % o

RO)FFom ® AP s 25

Number of AP | AP Position RSSI value Runtime(s)
Bz B (W 2 9 8 559. 4055 25.4212
BiH &)z 9 15
bt I NPES
PFERER |2 11 9 514. 5727 32.1522
EE 2 10 17
A EREIE |2 7 11 573. 1840 1. 7147
o8 W B JUBE 8 5

# 12 # B F 2 20%20 » AP £ 2

#2107 iF i R AN 32 3 Rz 2 Behd

B BRFRAEY O RIEN G EZ NG FZ VISR EEE

l?a
F_‘L
d*"
a0
'”ﬂ
-\—'
CO
ﬁs
3
~=h
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FHRFEF I Rnde

;\: g ]\ o
211 R G 20020m( = = )P @ 2 AP B#kc i 3
H 2Bl e 7% o
Number of AP | AP Position RSSI value | Runtime(s)
Rdeg B (R 3 10 7 1.4092e+003 | 37. 4682
Bh L) T 3 10
[hadby g NPE 5) 1
FIFERSER |3 12 6 959. 9620 81. 8430
EiFEE2 2 13
15
TR J‘“_a 3 5 1.7092e+003 | 7. 7163
LEEIwE 2 14 9
9 11
# 13 # B F 2 20%20 » AP # £ 3
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