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Abstract: The widespread of the 802.11-based wireless LAN technology brings a good opportunity for the development of the indoor
positioning system based on 802.11. In this paper, a 802.11-based indoor positioning method using support vector regression (SVR) is
presented. The method consists of two periods: offline training period and online location period. The accurate position prediction model
is achieved in the offline training period by SVR, and the exact position is determined in the online location period according to the
received signal strength (RSS) of the mobile devices. Due to the complex indoor environment, wireless channel congestion, obstructions
and limitation of node communication range, the RSS is vulnerable and changeable. To address the above issues, corresponding data
filtering rules obtained through statistical analysis are applied in offline training period to improve the quality of training sample, and thus
improve the quality of prediction model. In the online location period, A-times continuous measurement is utilized to obtain the high

quality input of the received signal strength, which guarantees the consistency with the training samples and improves the position
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accuracy of mobile devices. Performance evaluation and comprehensive analysis are done through intensive experiments, and the results
show that the presented method has a higher positioning accuracy when compared with the probability positioning method and neutral
network positioning method, and its demand for the storage capacity and computing power of the mobile devices is also low at the same
time.

Key words: 802.11; wireless indoor location; SVR; data filtering; k-times continuous measurement
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—mac(s)>E(x;)+6, AN 1Z 0 3% oL
AU 1 s BUAIR T N2 S 1) 24441 S rle 0 5 i 0 25 R B 3 U I £ 5 R 2 2
Rl DU IR T 1N 3o D R B0 B 8 A IE 2 4 N e A TG 9 I A S A5 8 ) 20 BSR4 5 500 R A M
WA T it DEHAS B)) B 2 RITCBedde N R IR TG0 B 00 £ B 52 30 7 AR 1 S A 5
24 ELMERERETALE
BEW BOSAR I DE LR T VISR A RE L AR IEH AT RSS B, 75 B T RN BE 0 TR £ Le B Be 4

A7 AR LR, AE G BOR T ke O 23R RSS A5 Bk RN 01 e e ZRORUE T & (N 5 ) B & AEAE
S B — 8 RB A8 IR I 2K (1) RSS A5 5 AR 5, 20 0 Hoals 1Ak 38, 5 B k 4% RSS 5 il kPl e E R AT E L %
TR B BRI 0 FLAE S WA B OC FR S ae, DA A B T2 RSS i A A5 B B
h T ORIEAEAE S B By — T e 3R AT R RSS 15 R, 5 2 BV E. & IR/ BB sl & A5 R 1 R
A I P B W B B 5 i AN TR RN S UK RSS B maci(s'), %
x=—mac;(s")>0 21
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FR A LT 20 W A8 AR M B8 1 240 A0, 35 E(x) oA x RO 3T 48, )% A8 7E 16 5E Y BB (B (x)— 0,E (x;)+ 0) [ g %
K PUE(x)—O<x<E(x;)+0), LW, E(x,)-6>0.7%5 L& JCiE 1E 7 H R 1 O, de AR N RSS (H#BTE(E(x)—6,E(x;)+
O)TEIH N IRME 2 K P(E(x;)—O<x<E(x;))+0),3L 1, E(x,)-6>0,01 :

P(E(x,) -0 <x<E(x)+8)=(-P, )x B,(E(x)~0<x<E(x)+0) (22)
P, N BB AR IZAL BRI B TCTA RS ¢ DA KU RSS 15 BRI,

h T IR B WA AR L BRBE A & &b 2 /07 1 IRBR IS IR 28« D TR Z BN A A RSS R K,
JUESE
1—(1-P(E(x;)-0<x<E(x;y+0))'=1 (23)
o, oo T 1 WAL
TRAT:
k= 1Og(]—PE(x‘ )—H<x<E(xi)+9)(1 -7) 249
DK e, JT S R GE ) A 0K 155 T 20 3X(24) 43t HROMEL, A i DR UE SR IR A RCEU e B O, A 5 DN B o Bk
2 AF BV AT B2 AR Je RO R It R R % ) 180 28 M0 P I T g G 33 2 67 B R BRI I ) A
K S e, BRI S A S L (i R B B R A QG I Tk ER T L EAR £ EUE 5 TR
B M SR G — RROR U, o e A% SR 153 1 B0, I 2k 9 5% 0 A7 B BRI 40 L 155 3 W IO I/ e B
A RRASE /N P o R A SR A P SR A e (0 ] AR /N S e A N A B R Ay 2 (24) PT BAE H e 1T B
BT S5 B Bl 1 % A0 AT BT R BB I 26 B A1 4RSS R EMEE . SN CHBA S B ah ik &4 %
37 BT RE AR B 10 JE B N 1Y 5 RSS 15 B (MR 26 1y I 2 4% i R D) 2485 PR 5% T e o, @ S Wt 17 ) S 5 AR A 1 2%
RDVEHLSH SR M T ORAIE 1T S LR A B I A LS R B E A E
TE kB 5 A2 8 A BEAT & ORI &, AR 5 X SR IR B HEA T Tl A 2. Tl Ak B R A

/:[\

x=mac;(s')>0 (25)
RPN IR R BB GU HAEX ke R B, MR By = ¢ WA A UG [ mac,(s')=0;4%
ARG RIGEE x; XU I o, HbRHE 7 0, TEARDE 22 sU(A8) T (R ELAE B (), W S |=mac(s")~E(x,)|< 0, Uy
ZALAT R 0 maci(s"), T WA TER 35 S5 maci(s”) ITHUE A JI AT A1 280AE ¥ 330 41, B
0, P, =¢
mac,(s') Zjln';acij (s )’ B <¢ (26)
e, Sy B, mac (s") IR 2 i NS TEEHRN )AL ke UG R IS AT 2L S 5 @ AN TR A
AE ke U b A E Y T
I L b PO B P ) L BERE SRIELSE L A R RSS {5 B, 5 3 e I RS 10 e B0 RAE A Y
AR L FRURS JEE T AEAR KRR JEE b 38 e T 0] U R R RS

3 MEETM R

3.1 FERE

FRAV I o )7 2L 10 A 2O AR SCHE S (5 07 7 VR EAT T VRGN (K0 BEVEAR 20 AT 40 B0RFH A B SR R T LS R
4,11, King Al Kopf 55 NAFFL AT 802.11 M1 JGLR T 7 3 48 1) 52 7 B %52 7 R Ge (13 8 ] 4 o, Hor,
TR SRR S AU R) R (R VR K € R AR R JE B N AT 30 2867 B % (6 8 My A R DA A R
TR AR 221 m> BN KRN S T 25 NN S a=25 i — NS % B R 110 YCRIES AN k%
N SR S 88 B B m=110,%F 70 & FE B 250 ms.
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Fig.4 Deployment of the experimental system®”
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AL A s TN AT 2 A7 B AR RR A {00, 3 TZ UK SEBR AR KR A {x,y, 3, MUAT SE AL OR ZEBE 1 Error A
Error = \/(xp -x,) + v, -y,) (27)
A SR RS VI A AR AR A SR AT T ook i b PR, A 2 A B Bl AT R 2 & O Al AL
PG B 1 (5] IR, 7 S 50 v e e B T AH B P S 56 S8R T AN o Ao i DA R A e 58 AL B BTk BN
X AR 2R R 7K P PR S M) o6 S 6 2 B0 U ) LR 1.
Table 1 Experimental parameters description

&1 RSB

ST TN SR
UGHEAI | 5000 | St B UG REAIC D IRy 5 000, {E S Sah ot 1 BEA A B B B
e | 1 Scr JCH BN A BN Uy 17, IR 50 1 A e A RO 1 XD
SR T | s

ST Y T e
win | e | 0 PRI T 00 A R I R 1 172 AT

s S E L B VLU kKU 8, T 5 3 B RO 0 3L
TRMEIAE |8 seesrmm

. oo | ST 0.9, 0BT 4, N, AR Tl AU SO LR 0 1 SR A CH &
' o
0 4| St oMUY 4T A2 S e A TR TR U 7 ORI Kk
WA KA 1000 -

3.2 HiEREX IR
25 i B 1R B e e 0 R A e i B 1 el PRUAR B, 93 0 48 i T IR I 10 R AR e N R P R D T
7 BT R I B0 o S i SR ) B [P TP (e A RS JSE (K A, 3 AT T AR 4 S i o AN [R] 7 35 o fir
TR FR K AT %) b 23 A
o TESEHE 1R, BB B I ZRRE A BEAT i g A B AR 2B BORS 2 B I UAE R S BB 1 IR TR
R RSS A7 BB SLAR B
o FESEH: 2 P, LB BOA ISR AT 1 U A B, R 2 B BB S B A AR R RN 8 IR A £
B PTREEN) 8 25 RSS £ A W B d N
o FESKEY 3 v, ESEBY BOG YN SRR AR M AR ST L PRAR SR U A T K0 0, AR 2B BeRS Bl B AR
FRRTDNEE 1 IR ToE RN R RSS A5 BB HAE A B AN
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© PERREERSMROT  httpy/ www. jos. org. cn



2646 Journal of Software ¥ A5 #k Vol.25, No.11, November 2014

RFEE LR 8 KRG L517 ITREEN 8 45 RSS AR BN BRI
S AR 1R 3 22 RAUME AR I AT 1 5 BT 7 2 o7 R 22 L3R 2.

SE A7k 2% CDF B (P47 :m)

Prob.

0 10 20 30 40 50

Error

Fig.5 Impact of data quality on the location model
Bl 5 B e BT 52 6 1 52

Table 2 Error of location results in different experiments  (m)

Fz2 KL EIIREGE RN (m)
S 1 S 2 SEH 3 SEG 4
50%MAAE A 1.78 2.23 7.78 0.48
80% MR A 3.41 4.02 15.60 1.00
90% AL A 451 5.40 22.40 1.40
V38 v R 225 2.7 10.37 0.68

t ] 5 FlZ 2 Al e
o SIIG A (VAR E SR U DR AR (W T I8 TR 25 BE B R 0.68 m, BRI, [ IR R R 8 £ K i i R A £
HG A Ak B (1 5 KR I

oSS 1 IR ILMARE A T e TR ZE BRSO 2.25 my

o TRURRSEE 2, HOAAE AT B AR ZE R BN 2.70 m;

o G 3 dp 2 HONNAREA T E iR 2E IR 2 10.37 m.

K] U, 35 22 I B3 170 S 0 o 908 R 4 282 B B3 1100 S 90 0 Adk B 8 0% A 40k b 48 v 4SS 28 190 o 0 T AL 1 v o & 11 91|
SRFEAAT H A2 A 75 2 v T T i N A
33 S5HMEMMAEMITE

N T U A ST R 5 AN T A R BT A SR AR () v RS TR R R TR B ) SVR 5
ANN J7VEUOEAT T 5% bS5 R0 o0 AT 55 28 10 5 350 22 BB 3 A1 b B W P 6 o, 5 7 i 2 L2 3.

H 6 FIEE 3 A& TRAL B SVR B A7 J7 i (R FRATTHR HA 1 7 v, A0 40 aad 30 R0 T Adb B ) 58 10 K % oz v IR T
AL L) SVR J7i%. ANN J79% . i FALEE ) ANN J7 v FIME SR 5 43 J7 925115 PA B A ANN( R BE7E 12 2%
B B FE A EAT B0 1o 08, AR TR £ I BREAT & IR 88 5 8 T A0 [ (R FR0AL 3 5 AT 28 ) IR R IR 3 AT T4
FRIY SVR &AL 71k

o (ETFTRALERDT ANN 58 A7 75 o, DUARAE A (0135 52 A7 4R 22 8H 25 0 0.886 m;

o FEAFTRALBEM SVR 58 A7 5 AR FE AT 35 52 A7 R 22 8E 25 0 0.683 my;

o LELTRALEET) SVR 52 AL J5 ik o JUARAEAS (K7 35 8 AL IR 220 8524 2.24 m

o TETLTHALERI) ANN 58 A7 J5 ik oh RE AR I3 B AR ZE B BN 2.24 m;

o (EL MRS 52 A7 5 AR RE A (1P 35 58 A7 DR 22 BE 2 0 2.857 m.

] b, 7 255 P 0040 o 3 0 T Ak 28 i 08 DA R 8 v 6 T WL 27 20 1D S 3 7 v IRARS B, T SVR 5 vk ) R I AN
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T+ ANN J7ik.
SEAL IR ZE CDF B (%A :m)
1.0 :
0.8
. 06l | |
e b #— AL HEIY SVR
=04y ANN ]
i —e— i PIALHL SVR
0.2 —— MR R
0&’ ; A5 AL FL I ANN
0 4 8 12 16 20
Error
Fig.6 Comparison with the other location methods
Bl 6 5 H A e A i B L
Table 3 Error of location results for different location methods (m)
£33 KENMFERMRES R (m)
AL HE ) ANN AL HL) SVR TTAEH) SVR ANN M e A 0
50%MAAE AR 0.74 0.48 1.78 1.87 2.47
80%MIA A A 1.25 1.00 3.40 3.17 4.10
90% M AF A 1.66 1.40 4.53 424 5.21
V3 AR TS 0.886 0.683 2.24 2.24 2.857

3.4 EREXNEM T EM AT
A R R R N R4 I R A5 B 5 RS 2R P 5 AR BEAS R I 7 ol 7 AN IR K /I B0 U1 R el B o B 2 5
AT AR NS E P
o CHUIZREHR GEABL/IN T 2 000 I I 25 B 44 2 PR TR - 249 5 A7 18 22 B 124 il A I 5 500 6 K/ FR) 46
TR 447
o HUIZAEGEAILE] 2 000 T/ T 4 000 I, Bt I 2 Kicdin £ 10 18 0, VI 25 BT 49 80 (0 RS 7R~ 249 52 o7 1 22 B
T A ()3 P58 W) A 1
o HUNZRFEAKT 4 000 I 75 21 FR 5 IR - 135 5 A7 3% 72 B 12 B A A 1) 98 0 T i AS AN AR

2.0
1.8
1.6
1.4
1.2
1.0
0.8

ST R 2 (m)

1000 2000 3000 4000 5000 6000
UIZREER

Fig.7 Impact of training data size on the location model

K7 ARTRIYIZRER B /N6 5 A AR TR 1) 52 i
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25 11 4 A% R i B AT v S 0 v R0 AR T A% 6 800 2R3 B PR RS 2 A AN ) £ 2 B0 B A1 3 552 256 4 51
KRG 2 T - RBF #% LU Sigmoid 2065 A BEAT I Zx, 38 1 KA 73 3t B A 17 A6 204 11 5 07 G 5

SR RN P 8 T 7 AL T AT A% o B0 R R0 e KN A5 2 PR A 1R RS JRE e

A e A B SN U A A P 28 58 A R 22 B BN 2.44 m;

2948 ] Sigmoid K% o H i (R, y=1/17, 5=0), MR AL A (735 5E A7 1R 22 BE B 4 2.46 m;

A RBF 1% B8 20 WA AT 35 52 7 ¢ ZE 8 25 0.683 m;

2 1 2 A% R N (7=1/17,0=0,d=3), B FEAS 1P 24 58 LR 22 BE 4 1.15 m.

1.0

0.8

0.6

Prob.

0.4

0.2

SEAL i 75 CDF &l (¥fi7:m)

/
/ s
4 —+#— Sigmoid #
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cie s — e IR

0.0

0o 2 4 6 8 10 12 14

Fig.8 Impact of kernel function on the location model
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P35 15 22 (m)

—Oo— i AL B SVR
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Fig.9 Impact of the number of WAPs on the location model
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3.7 EEME RN EM XM NE

WSS 2.4 TR, SE kXN RGEN 8 ARG B AT A B R, 5 A IR A B A AR R IR R, R S 2
0,C 3 PIAR . HAK I 15 B AG B JC LR AR S PR BT . P %o B Wl A B 5 o7 G R 1 B S i s, A Wl A L P 7 SR I )
I RUIE BT (4 2 7 RS A T 36 0F & (BT ASE 2L s A7 (R0 5 i, R AT T & (BN 1B — 38 N3] 12,985 AN [l & 02 B e 1E
AT 7 % Eb 2 #r . S5 4 R An 1 10 B, DAL BT 1, A SR ik RS 280 1 5 A K PR BB S ke (B 385 KT 42 v TR I, 2 4
SR ORI AR A YA %oF I 5 B0 A5 AR AT 3 9 PR o, o ¥ 7 A, D 7 A5 20 o7 K 2 3 8 W S i 75 2 11
W REL ke TR 22, 78 KGR S0 A v s A A, DDA 5, 5 V7 A 2R 5 7 K 88k BINAC Sy o 75 2 0 0 UK B ke
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Fig.10 Impact of the number of measurements on the location model with different system parameters
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MR A ) 5 A7 7 15 7 A Al A7 5 i L SCHIR (201 348 ) R GE R Jo 2 5 LRI RO A B2 6 110 KBytes, )& 4
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