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Abstract: A passive indoor positioning method based on improved weighted K—nearest neighbor algorithm
is proposed to address the problem of low positioning accuracy caused by excessive interference in
amplitude and phase construction. In the offline stage, the isolation forest method is adopted, and the
wavelet domain denoising and linear transformation method with improved threshold are used to preprocess
the collected channel state information. The processed amplitude and phase information is used together as
fingerprint data to construct a stable fingerprint database related to the reference point position information.

In the online stage, an improved weighted K—nearest neighbor algorithm is proposed to repeatedly match
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the estimated coordinates. After obtaining the position coordinates in a single match, the algorithm

calculates the Euclidean distance of the position coordinates between K—nearest neighbor points, and uses

Gaussian transformation to calculate the weight of the K distance values, completing personnel positioning.

Experimental simulation tests were conducted in classrooms and halls, and it was found that approximately

81% of the proposed algorithm's testing position error was controlled within 1 meter, which can effectively

improve positioning accuracy.

Key words: indoor positioning; channel state information; passive positioning; improved threshold

denoising in wavelet domain; improved weighted K—nearest neighbor algorithm ; Gaussian transformation
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1.2 RE CSIXER

TE S8 v e BRIE R A7 A CSTRLE 77 16 5+
WA (LI 1(a)) , i Bk 28 A JL I A4 55 AR
MIREARZ . LGRS W RN LA R T IR
AP AR, J0 I BR TR B R B9 5 0 RS DR
AR SCAE B 25 A% bR (Tsolation forest) '™ 25 B xf
5 BUEE A H A SRS WA 1(h) R .
1.3 fIR{EHILE

ZBR 5 CSTEE Jo | X i f 39E 47 4k 3

W {EL B9 e m] AR AN TR L 8, by TR 4R 1 B
TR, PR TS A S e R, DR M M
W vl LA BR — 2B (B 2577 R e S S
FRAE o A& 58/ 2 05 7k (Wavelet domain de-
noising, WDD)"*' e (3 & 11 [ {f e 5017 16 [ A ik
W, e BT o PR, AN SO — s
{18 /I g 3 25 W8 75 9 R 4R B i CSTR 2B 47 Ak
B, e T BRI, Sy T ke A AL G R RO Bk
A AT LU 24 AV 1 (L, R 90 4 J2= M P 0 o ) A
125 ) B B, ] LAAS B B (28 50
Aza,»,\/m (6)
3 2 0,= median | ;.| ) /0. 674 5 H 55 i J2 We
PRifE2E s L o ZHL
AR LA R0 000 1 L o 50 A7 ok 2 - 1 N
PN S & I E R S I I 1 P = K= S I
T 19 {F Ab 3% 25 5 18 (8 oR RV 45 0T y = o Z A9 1
B PR, DU S e i) 1 (L ok 5K
0.5 X[sign(wj,k) X /1]”

+1

)
j'k m
Wi,k

m—+1
‘ Wik ‘

/{m

05X Sigtl( ‘wM) X

(7)
s, Ry A AL BE AT R B w, . N BE
SR IR /NI R B R EAR RG] sk TR R
51, LR R 0~60;sign () NS pREL; m ly P8 2
T, e A w1 R 0 (i 0
k37 [ PR BB e 1 AR AR B A=0. 05,
me{l,3,5,8, 13}, 1581 E 2 Fim 45 R o 24 m L
T, {8 R T 0 A R A, A8 5 SE bR A
[F1] A A 1 A 1 D 25, ™ S S e A 1R S 5 R
LR NG5 00 368 PR BE 5 2 m IOR T 5, 20
W 5 25 5y TEAT 5 1 8] BBy 504k 7 A B KRR ¥, ik i
S 8 (A RO BT L AR SCHUm = 3,
FERE G TE B R B8 SR AT H R, B SR AR B AL
A7 B Wi 8 CSTECHE , I8 A W) 1 1% 00 R A 8
WA 280 AN B HE A1, N — > b A8 R 2k B dls b ik B
BoE , i E 3(a) Bz, Jo 2R v ) o5 1m) H, i o A2 3%
280 & Ze g i AL, JF NS sl lle S CSTH I LA
AR b BHE 4 o R AEBUE AL T, B CSTEE
F8) WG {42 B O X 5 AT /N A L A B R A
G B 43 i AN AL 43 ko FE LA b SR A B A
XoF G B 4 i AT A B IR 9 Ak B 4y AT /N



% 78

AR R T A WKNN &5 CSIksh £ M8 e 57 ik

< 2447 -

0.20

0.15

0.10

0.05}

R B R

—0.10}+

—0.15}

—-0.20 —0.05-0.04-0.03-0.02

*0120 *Ole *OiIO *0..05 0.60 0.65 0‘.10 0‘.15 0.l20

FIEHT IR R B

B2 BIERHEmNEL

Fig.2 Change of threshold function with m
P FAG AT S B 2L R AE B R AR A R L 4
VDU b 6 PRI R R, BV AR /0 A R it i
FEBE, " E R/ DT EME, R)EH
Daubechies(Db6 ) ¥4 15 5 73 i i 5 JZ , 15 2 fie 4%
JE o i 3(h) Bz, %k M B 58 v /4 BE AL 7 ' 3k
177 /BRI B LU, AT /N B 25 s, R 4R
BIAY CSTHR A5 S IN-F- 18 0L, B 4% 17 WA 4 )
ke AN ] 07 B B RR AT, i T R AR 37 245 45 B 5 v f
o B e RE LRSI o

40 22 \
230 £20
gzo s
10 16
060=40-20 0 20 40 60 %0 30 100150200250300
FRBEESI ¥EaES
(a) Z MRl (OFIEY5

B3 XReEHNIEE
Fig.3 Amplitude before and after denoising
1.4 HHAIFALIE
SR AR 1Y CSIiﬁﬁ@é\@ﬁ%EﬁMﬁﬁ%
B AR AR A {57 S BEAR G b 4 34 R N A9 67
.EK%E’/[‘/HﬁﬁfjﬂTagCﬁﬁﬁo &l 4(a) 2 60141
A3 1 I 4 AR AL 1, BT DA AR AL AR B A 6 R A
KB, B AT W1 S i R B ARG T, P AH 2R 1Y
B AL N 2 S AR AL T R AR LA BT IR
FUE AT 5 ARG AL B AR AL A 15 BN A B s H
B8 80E AL o XA AL A I A% 8], AR SR
LA T AR T 24 LA A 1R B, 15
TSN . R L RO
y=ar+b (8)

\'.

—

e

\.§§\§\\

e i\l W‘W«
Q.MM Ui
- \\N\ \ i\

=
——

——

”/
T

——
,

e

A 3“%\3“\\\\

60 —40 20 0 20 40 60
TFRBERS
S¢ () RgEAR £

T
B

fRYESERE L /rad
|

-20
-25
60 40 20 020 40 60
TFREES
0.6 (b)fRE SN
04t

EHIAEAL/rad
=)
o

60 40 20 0 20 40 60
TRERS
(VEMHAL

B4 HEAEEMETHRITER
Fig.4 Phase transformation process diagram through

linear transformation
E 0 n AR B 5 38 490 e AR A L R 1R
AT I F I S B E S A GE[1,n]),
MR 2B R a o BETTEMT .

B e
kﬂikl ’énikl N

St gy By S T AL 5 by 1 b, S ZLSEAR A 5

) (9)

fy Rk, R 515 3 N R Pl B Kl 50 015
ﬁfiﬂﬁuﬂﬁﬁj‘lﬁ]m%o
1 210
7;;% zq;] Z/e +y (10)

5 i :@j@ﬁ%wﬁm%wﬂ f W00 5 8,



© 2448 - THRKRKRFFHR(OT F RKR) % 55 %

5 AN T B FLIARAE 5 Ry MV Al 2%

MORRAE s 2 y AT LA B B AR L A 0
b, 1Y

(’Z_f k,—;;@ (11)
S KRR B ACe) s T A 2l

AT 28 A 4 i 2 B S Y R A e M O

B U SN o 2R A B L

AR FHAE 3 N RE A

2 EMRGIH

2.1 RZG#HE

WS PR B R G050 PR 43 - B 2 i e
Wy BERIE e L B . TE B R R B, Sk
AT CSTEUHE R AE SR J5 I B 58 CSI, 3 48 % 808
HEAT AL B A AL BB B G Ay (R T AL B By
BB FIAH A, 790 42 3 B B, B I B 8 2ot Ak R 1Y 1 (L A
AAAL 456 F R AR 43 A7 R 48 BOEUIR b . TR
SE AL R o N B SE AT CSTEE RAE , BTt 1
Bt N R FH 5 S e B BOAR [R) 09 O 2R AT A B,
Je T A 30 B50H 3 3 7 B vk 5 4 SOOI PR
Xt b, NI e R L 25 5 . R TN E W
AR AR CSTE 5 19 T30, A< 3k (&1 £ 1k I 3
N GRS MR A BE AR . e R R
WY B R A B A A 37 48 SRS R RN AE LR B B AT
(L DCHEC T, JE A BE PR 4 AN AR

0,= ¢, —

2.2 BEREMNEIHEENR

B AR SO Sl B % R SR
I H AR DA o S A B A% A £
BRES % 5o (RN GRREAS iy BR T CSTHE A
(B AR AN 38 B % B i Y LA R, LL3R
5% G 35 8O, X (12) s -
| P(AP,CSLI(Q)S,))-P(AP,CSLI(QJS,))]

| P(AP,CSLI(QJS,.))-+-P(AP,CSLI(Q/S,))

P(AP,CSLI(QJS,.))-++ P(AP,CSLI(QIS,.))

(12)
A Q= (P,ISS,) 2 % 5 ) A 5 A% 5 19 L
I REAEAE , L SS, 4 38 2 % 1 KL AHAS 2 %
M FME B 5 S, s 143 1 X3 m, o M=
1,2, -, N, BRI N AP, R S, XY A 2%
AP;CSL A5 S, B X AHC I S % f B s
) CSIMH .

ST A8 OB R ) B R Dy« i S AE R
K DX B a A S M, SR S KR UCR 4R B
A AP R IEAE Z o, B AR IEE Z,0, 20y o+ s
Zo RN AR N (X, Y. ) e, BT A 18 80803
HRAF i TE 48 SO e b . HAT L 48 BUE LA — A
7 3h 114 Jey B < 8 OB R ME— 1Y o

SO B
LRt Y e
SEALE — CSI 1 b——lLable 1
HHE
e 00 00 | i A FabE 4,5% CSI2 Lable 2
oo oo e »  CSIEM » R CSIPEA s I
a a .". - —
kit
o0 000 LELOREDSS _‘ | CSI n p——4Lable n
oo o0 |
| BB
(B5)
® sEk [ TWKNN .
o fubx FIERER EAEIRER e B E

B5 g EMBEBE

Fig. 5 Fingerprint positioning architecture diagram

2.3 EEHEMHE

KT AR R AR I s 3 Ao AR A L T 19 R R
FEES AR AT 250 B SR U O SO M REAS 1
ZZ M TERAM A SR TS % A Z R R
B ARG DX S B B v 9 g R R NG
KA RS2 0i AR DB A 2 800 S5 B,

B R ABEAR TS e 2 20, Rt %8
SR TR F IR IE S A
U IR = VA R 1K R oG O W (1 1
A SCHE Y —F IWKINN 83 | % 580 19 ik 7 J
b ARS8 W KN BV i B30 0 757 2 07 o5 1 o7 8 Al
PRJG A SCR A e e Rl AT AR AT, wh



% 78

AR R T A WKNN &5 CSIksh £ M8 e 57 ik - 2449 -

AT B R R E AL AR AR
Gy Kl A3 ik — MO e A i SR 4
J2E 2 2% i A {EL AL 18] A9 IR R R, 283X T

n

dis(S, )= [>(S.(i)— 1)’ (13)

=1
Ao dis (S, £) R RF E AL R F8 SO T i AR A0
RS 5S,(0) A 55 i A SRAE R A i B Y
CSTsz, 0 Fip I 1346 BURFAE
Y1) P 5 30T 1) & A2 25 0 3 AR A o B
I A5 W) A5 L A A
1

(23) =220 y) (14)

ARSCER I B IWKNN B, BN BB S
X KT — AU o IZAUE R 5 5 ALY H AR
SNZ 7% 2 0] i R 28 5 i S A e T A

2

(Ly— Linn)

Wy=p0e (15)
L W NS i EIES % A BUE ; L, h T
DSBS i AR S5 s IR B 5 L 5 S V7
SN &R S5 0 0 e /NIE B 5 B Ol S R, 8
B L0 M W 58, 2 AT 48 5 2 I B I b 1
25 TR T R AL S A AR S E R F AT
a R, X I B ) S5 R R AR R, T b
ZARR ol X EE B S5 SRR R,
PR S
AR IE S SR T X N R S
WKNN 5307k BV AT 3530t 15 2 A7 skt 9 28 67 A s o

(Ly):i] »

><<1y> (16)

o2 (e, ) S R I A A T 5 g T 3 6 DG TR Y
S 50 MR (o, ) WS B 5 B
LY 7

AR T — R LSRR
B — WA B 10 G AL A bR 5 A8 A T Y G R
B, O3 S e T AR 4 X B A B R AT A T
BRI AR e 26 A A 5 B o U 110 48 30 A7 AR B
o Bt E a9t A A X (17) Bros

(£9)=> "

i=1 Z W(-z

X(x,v,y,-) (17)

Ko (., 3) T A A A 5 W R T AR
0T T B G 1 1 ) A A

3 TSR

3.1 XWH=

S o 0 A T 4 BB K SR A 501 L E
R F R KT HEAT , A 1B 6 AL 7 B R o SE R
FH 1A 35 802, 11 Pl i) TP-Link B% i #5 7 by
Wi-FifE A &S (AP), AP A8 X 88 19 22 1 A
FHoBs H T AR B B LI 0. 2 m Y RS R, LN M
TET B SR CSTE M52 0 o 500 SR 48w P e - ol J#
KIEAT, T LAW/IN B A B T B £ 4
o e L 7E SR SRR I, — A R 5 A AT AT 2L
A5 2K 5 T RE R RS 2 i 2% 19 N AT LA ST 7E SR KR
B8 5 1~2 min, AR ASCRT DL S #2315 Al ok
M55 T [RIEE, 26 5006 R 2 B b ik v] DLSR
BGCHC At 15 e, B G 5 P o e 182 4% R Bl 1k A T 56

=1
2, W AT L R A0 1 0 KR S A T 7
| 12m |
> PN PN . 5%
R —— — _ —
° 10 O e 1O o ™ e ot e o
) Ct e IO o (O Q e D ofF e 3D o«
1 — - — =
o§ e 1) Ot o IO e (i e 10O Ot e O o T o
e D CH e [ ] o (T e IO e | ) o
') ot e 1O o O ') O e IO o
I
—

6 SO1HE(XRFFTRER)

Fig. 6 Classroom 501(schematic diagram of experimental environment)
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Fig. 9 Classroom 501 (unmanned) CDF for data quality
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