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Adaptive Fingerprint Subspace Matching WiFi Location Algorithm
CHEN Lijiu' , WANG Ke*,LI Peng' ,ZHANG Zhengpeng' ,DENG Ganlin' and ZHANG Zhisheng'

1 College of Automation and Electronic Information, Xiangtan University, Xiangtan, Hunan 411100, China

2 Beijing Aerospace Systems Engineering Research Institute, Beijing 100010, China

Abstract In traditional wireless fidelity (WiFi) fingerprint matching algorithms. factors such as remote proximity points caused
by signal fluctuation and the occlusion of access point( AP)signals by objects in the environment will seriously affect the positio-
ning accuracy. To solve this problem, this paper proposes an adaptive fingerprint subspace matching positioning algorithm. Ac-
cording to the combination of different APs,the fingerprint database and the test fingerprint are divided into subspaces. In each
subspace, the difference between Euclidean distances is used to set the optimal critical value of performance,and the nearest K
reference points are selected. The weighted K-nearest neighbor method is used for coarse positioning to eliminate the error caused
by remote neighboring points. Finally, the estimated value of coarse position in each subspace is integrated,and the average filter
is used for precise positioning. Experimental results show that.compared with the traditional WiFi fingerprint matching algo-
rithm, the proposed algorithm effectively reduces the impact of remote proximity points and AP occlusion on the positioning accu-
racy,enhances the constraint of AP on different positions,and improves the accuracy and robustness of the WiFi positioning system.

Keywords Signal intensity.Subspace,Critical value,Self-adaption, Fingerprint matching
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15 2 1 BOHE i SR 42 21 14 18 S0 R — A B 80 xR
Al AP Y-GS TR EUE U0 Py Py oo PSS s TEZRE fL B B
o 2 T R BB 5 80 49 T T A A 2L R S T A 0

U, .Uy, U5 HW AP 1A M8 SUE S 136 80/ i T 25 ] .
FEREAT25 (8] Pl A B 35 6 4 Z0UC e 5 ik A TR E 7, B e ok
A 249 308 98 X 44 725 1) B KL B AL B L HEAT RS AR E A6

4 LBWERKRSH

4.1 KWHRER

R B R F A 38 R A8 B0F 45 A DG T E 0 55 vk i dERe L 7E
—AHRL N 14mX18m WIHAEHMHET 6 A~ AP, JfF H
HEATHE REE . B8 AP B WK 3 iR .6 A~ AP 4y 5l #i &
TE 5 ) B 4 A A DA K s TR) 6 1 A e o7 B AL AL e
AR 64 AP, LA 1m X 1 m WA A 8] B i 15 2 25 o5 5005 5%
4 HERAE 266 2% N 9 RSSIVE MR L0 . BEHL T 90

[i] D& FC 5 37 i Pt TR
D3 A7 B I SR AR L RSSI AT S L B0 0E .
§ A2 ) A &
) Tallallalle[]a
@ @ (o] ] (o]
(o] Q@ (o] o] Q
@ @ (o] ] Q i
@ @ (o] o] Q E
@ @ (o] o] Q
@ @ o] o] o]
N L] @ L @ u (o] H Q@ u (o]
[%ESZ A () il

K3 FHEig sk

Fig. 3 Environment scene diagram

231000172-3



Com puter Science THEHLES Vol. 51,No. 11A,Nov. 2024

4.2 BIEBNMN KIEHEIERERNIEE
TEAE ] K SR 2 MO AL K 3T 40 ik % % 40 50 ik i AT 38 X
Ve 5 o B o KA A AR 8 2, KA 09 AS [8) X 4 200t i
FEN A AER KA, R BEE M K 6, SR K ig & e
ILBORG BE . FE A% 6 1 3 408 3k BEAT 2 6 B, B IR A7 BT 1R
B K AN GRS AR (8] 1Y o (R B T E 19 K A 4B SRS —
FE AR PR AR SO B 3 N A O ik 3 0 O I E TE R
YCE 7 #RBE BOR [R] 1 K (B, % 4 U v 19 K (E 3F 47 el it
PRI I I S8 ) P M ZE DG E % . PR T A STl R Y A g v
R 3 3 I S R ) s W a5 R 45 2 a5 22 () Y SR /DN BR GBS
5 H A 2 25 5 BRI 5 1 22 48 I DA AR SC8 B I 5 2 48
B, FAE A B 1,2,3,4 %F 90 A~ 5 A8 o S in AL
K G 48 vk 3 A7 58 A0 36 F o AR 9 0 38 00 9 55 bR A L i EH
578 LS 2 T iR 2, AR AE AN ) R BR M 0 & T RT3
PR 22 M B 2208 50 % LK 90 It iR 25, 0k 2 i,
il AR 2z L E 4 R, Al e iR s e
o715 25 0 A % % L 459 20 03 5 B R 22 M R 4 A il 4k

B e s fias .
F1 A%

Table 1  Error comparison of each critical value

RRAE/ T Fitik £ ARk E®
(dB + m) % % /m 50% B B7iR £ /m 90% By IR £ /m
1 2.17 2.18 3.51
2 1. 85 1.63 3.52
3 1. 64 1.52 3.00
4 1.94 1.79 3.71
9 T
| L OHREARE|
8 p=28 WRALR %
.l —— oW
***** p=AR B EALIRZE
E 6
N
W 5
K
o 4
®Woal
2 L
1l

AR/

B4 S22 £k A

Fig. 4 Positioning error curve

AR RRERA R
T ke2H R R
n=3H R 2 R R
8 =l BR 2 R K
*®
=
e
B
0
N
)
®
6 7 8 9

4 5
AR E/m
F5 BRIt 2 AR oA h 2k 14

Fig.5 Cumulative error probability distribution curve

i WL A R 22 R iR 22 BB R AT A I R
p=1 I B PR BE 2 0 22 B9, 02 (R O i S 1L bl R T
7Y i 408 30T 125 U R e BB 4263 T I R B 5 5% L i X 8 5
5 iR A A 5 5 B A T RE B B R A R AR
[0 AT A S BIOL B A A i A 5 2 AECHR 1 IR L AT SR A R
TERUERT . K (B AR 7T AEERL 1. 0 B0 R 58 22 50 gt 5 A He A

B4R 2% S L B IRk . 1P R R 2 Rt
WR2EIE 5000 LUK 9000 ) ) 1R 22 WOR L 4 I SR o B3 L M

DR 22 M T AL A e B AT B R B4R T . 78 5E oz 12 22 1l 46
PRI A0 R TR 22 20 A P AT LU ML S 0 5% 22l 2 R Y R % R

TS A 26 55 At s SR (B A A AR H, =3 B RO RCR TR
b R 22N R AE AR S G FUE e BAE R 3,
4.3 ETHENEYTFZELEREME X

FESCPR I E LRl TR NI E A 20t Wity
3T AP MfE S =4 T, RRTHHMT 2 43
Iy — RN S ER B g 2 S AP HEAT RN L 75 I R
F3X 2 A AP RS BRI T, L A& B 46 80F 75 [ DL fic %2
R S G A EE M HOR s A WikXT AP {55 47
W FY T B 5 38 4 BT 2 ) DG G S 67 B3k B E N RO 5 A%
SRR R, FEUEAT Ol I 80T 4 IR DU G R O 2 T, B
Se R B S UM B A I SE BUE it A, I R BT A A Y
K/NHEFTHE L,

TR — AP HIMEPIMAELL . 7E 2 4 AP [F S WP

BEF.A 44 AP WS OLF . AP # & %07 B 4 24 1
ﬁﬁﬁf‘ﬁ T AT R AR T B A R R L R — AT
/‘lEﬂﬁFliéj\S/\AP Wt HEF A AT AF 3] C A Fas A 1 A

Z3 [8) F 2R FHOE & W WKNN 592 ik ﬁ*ﬂﬂ:ﬂ’ﬂ‘}:ﬁfﬁ
¥ﬁﬁ¥ﬁ?§tﬂ?éﬂﬂ’ﬂmuuﬁ WP JE R T SR 2 A
AP fF 5Bl RY M BT, [ 3& B 1 80T 25 18] DC IE A 17 B ik
&R0, & 250 THEX 2 4 AP #E17 F K
UL . 2R A 35 B 48 80T 4 (8] DL e A7 58958 516 G505 W
TR A EIR 22K 50 % LL & 90 Wit iR =, E 6 A 7
A3 RN TR A i 25 1M 4R TERT SR iR 25 MR S 40 A I 4R AT
F 2 EAEBREXIL
Table 2 Error comparison of positioning algorithms

(m)

v e FiHR £ 3% ERBE LR

ERAE FHRE o wma 90 %% Bt B 3% %
KNN 2.70 2.16 5.01
WKNN 2.54 2.23 4.63
R XH % 1.97 1.87 3.36

T IR A R LUE Y, 4 AP RS T i, &

%&E’J%i%?ﬁiﬁﬁﬁﬁ%ﬂﬂﬁrﬁmﬁﬂ’ﬂm%iﬁcjﬁo pUK 3
F 3 MPIRE BRIk 50% LK 90 Y I B iR 2=l A
Sk A TR i 80T A3 8] UG C o 6 B8 1% 19 o 1R 22 S AR R Lk
AH B AR 22 BN, H B TR 2535 50 %0 B Y 58 iR 25 /N F

IR E L TE BRI IR E18 90 B iR ZE T, AE AR AT A

171 D TRC 5 o7 550 B B SE L R 2258 3. 36 m E LR AT T LA
REEET . Sl X 6 1 o D¢ 2 ith £ 18T 3 AT W42 43 17 AT

SIRE BTNV (s kel 11N U UVDAel DA = 7 gt 5 W VAN S DK VA
ZMEEMTEENEMEDE, B E 70 R iREmE
Sy G AT LB Y Ol N AR BT 2 TR DL S RE 4 B A B
TR ZEM RS MME S ESE BRI, & Maea TR
2T, X 2 A AP SEATAE 5 B 09 B b, R A Od B 4
G023 (1] VG it 78 67 55 2% 10 B 0 e S R AR L 5 AP B
% HB MAC ik, R H & 18 80CF 25 [ DG B 8 07 55 325 3k
7 52 05 1% G0 50 2 AR L 7 B A 20 SRME T

231000172-4



WRAL A, %5« FOE NAE 40128 [ VR iC WiFi 5E 7 57 15

RALIRZ/m

B 6 5z is2e £k A

Fig. 6 Positioning error curve

RALIRZ/m

0 10 20 30 40 50 60 70 80 90

Wik A A
B 7 B MR A il 4]
Fig. 7 Cumulative error probability distribution curve
ST AP RIERY AL, R A WX AP 1R 5
PFWOERT A 6 A AP, [RIFE, R T 82w Xt 07 B A9 29 3
P o A A5 T A A 3 L B A A v ORG BE  TE A S [ )
55 54 APl HESIA A TR 8] C3 A Fas i), 1658 S BT
OB APE S RER R R SF M. RHAZL AP #1778
B, R AP BME 50k B & 7=k P o, Rkl i 7 &
i) ) 30 43, T DA AE — B B s> AP {55 B s = A i B
REEMEE., 3T AT 545 M K EHRE
(KNND LB AL K 3 4% 3 C(WKNND 5 JC fig 55 vk A He L 7 3
PR B R 255K 50% BL & 90 % B AR 25, ik 25 i
B 5 Bt 2 M A0 1 R = 8 AEl 9 fis
# 3 EREEIREX L
Table 3 Error Comparison of positioning algorithms

(m)

N 2tk £ ZitiR £ %
EEEE  FHERE FaREn e
50 %0 B By iR % 90 %% B #y % %
KNN 1.93 1.71 3.62
WKNN 1.84 1.63 3.62
R XH % 1.47 1.37 2.43
1.0 —_—
09
08
g o7
g 06
%&\’é 05
o
i 04
B 03
02 ——KNN#R Z £ %
o1k ——- WKNN# R % R E
11 ] - RXEH IR E R
00 1 2 3 5 6 7 8 9 10

gﬁiy’%i/m
P8 BRIt M1 L
Fig. 8 Cumulative error probability distribution curve
TEWA AP BERIR SO0 F A SCHE I A9k T 1 35 0 4R 2
T2 (] D PRE SE A B3 125 AR oF T % Gt 1% DG JE Bk Xk RE Ao £
T TR, o3tk 3 Py iR 22 Bt 223K 5026 LA K& 90 %

B 358 25 RIS SO AR B TR 25 T NI UR A TR
T A2 00K B T R . B WLER I 8 M 9 W, A SRk
R IR 25 3 A i 48 R o 1 22 2k N 4% G B A ELE A 1R
/N ENCRA B AR T AR E BN, Bk
Fet A SCE S KNN LKL WKNN 25 4% 48 55 1k 41 H . 78 0
A VAR 25 07 T IOAS T S K, E R B A R T T
24 Y0 R 20% 4R R T A BN R G E ML ERE .

10

—— KNN# iR 2
~—~ WKNN# iR 2
T AXHHHRMIRE

RALIRZ/m

R A H/A
B9 e iR i 4 A
Fig.9 Positioning error curve

BRIE Lo K AR E S A K 483 ¥ p, i i % 1
KABIESH S h i REa G T I & L AR RE NS %
ST BE B i o X R BE AR L R 5 R 5[] I 7R
WE P R & YK AP 55, Wi T 80Z AP K15
SRV W EMEE R, ETULFARETAE
JOE 46 80T 23 6 VS S 5 37 5 5, 51 A I FH(E R T 2 ) A8 4
WE DL, 5T 00 % 8 £ A AP 16 E 0 3 5 1 {5 5 o A
Dok BOERS YRS TR . 1 S T A b R AT E
W B AR S N BRCRBE B R 22 X K H AT I,
T X % o 25 2R BEAT U0 A0 o A T 2 18] A I R AT
BENB RE N E MR, FTERAEABORD T R AR
L AR AT 5B T PRI P A A S TR R T X B i

HOVE B T L B ORS BE R R

2 % X #f

[1] LI Z,LIU C,GAO J.et al. An improved WiFi/PDR integrated
system using an adaptive and robust filter for indoor localization
[J]. ISPRS International Journal of Geo-Information, 2016,
5(12).224.

[2] LIU F,LIU J,YIN Y,et al. Survey on WiFi-based indoor po-
sitioning techniques [ J ]. IET Communications, 2020, 14 (9):
1372-1383.

[3] KUNG H Y.CHAISIT S,PHUONG N T M. Optimization of an
RFID location identification scheme based on the neural network
[J]. International Journal of Communication Systems, 2015,
28(4) :625-644.

[4] MAO Y Y.LV D. Optimization of Fingerprint Localization Al-
gorithm Based on AP-SVM Hybrid Classification [JJ. Transduc-
er and Microsystem Technologies,2022,41(7):126-129,138.

[5] QIJ,LIUG P. A robust high-accuracy ultrasound indoor positio-
ning system based on a wireless sensor network[ J]. Sensors,
2017,17(11) :2554.,

[6] YANG K H,HU, X H,et al. A review of indoor positioning
technology research[J]. Changjiang Information & Communica-

tions,2018(8) :106-109.

231000172-5



Computer Science

HEHESY  Vol.51,No. 11A,Nov. 2024

[7]

(8]

9]

[10]

[11]

[12]

[13]

YAN D Y,SONG W,WANG X D,et al. Overview of the Deve-
lopment Status of Indoor Positioning Technology in Chinal J].
Journal of Navigation and Positioning,2019,7(4) :512.

WU Z,FU K, JEDARI E, et al. A fast and resource efficient
method for indoor positioning using received signal strength[J].
IEEE Transactions on Vehicular Technology, 2016, 65 (12):
9747-9758.

QIAN W,LAURI F,GECHTER F. Supervised and semi-super-
vised deep probabilistic models for indoor positioning problems
[J]. Neurocomputing,2021,435:228-238.

GE X.,QU Z. Optimization WiFi indoor positioning KNN algo-
rithm location-based fingerprint [ C] // Proceedings of Seventh
International Conference on Software Engineering and Service
Science. Beijing, China:IEEE,2016:135-137.

LU Q.,LIAO X,XU S,et al. A hybrid indoor positioning algo-
rithm based on WiFi fingerprinting and pedestrian dead recko-
ning[ C]// Proceedings of 27th Annual International Symposium
on Personal, Indoor, and Mobile Radio Communication ( PIM-
RCO). Valencia, Spain: IEEE,2016:1-6.

SHI L F.WANG Y, LIU G X,et al. A fusion algorithm of in-
door positioning based on PDR and RSS fingerprint[ J]. IEEE
Sensors Journal,2018,18(23):9691-9698.

YAO H,SHU H,SUN H,et al. An integrity monitoring algo-

rithm for WiFi/PDR/smartphone-integrated indoor positioning

[14]

[15]

231000172-6

system based on unscented Kalman filter[ ] ]. EURASIP Journal
on Wireless Communications and Networking, 2020, 2020(1) ;
1-25.

OH J,KIM J. Adaptive K-nearest neighbour algorithm for WiFi
fingerprint positioning[J]. ICT Express,2018,4(2):91-94.
ZHOU R.LU S,CHEN J.et al. An optimized space partitioning

Technique to support two-layer WiFi fingerprinting[ C]J // Pro-

ceedings of 2017 TEEE Wireless Communications and Networ-
king Conference ( WCNC). San Francisco, CA, USA: IEEE,
2017:1-6.

CHEN Lijiu, born in 1997, postgra-
of CCF ( No.

duate, is a member
P1232G). His main research interest is

indoor navigation status.

LI Peng, born in 1978, postdoctoral,
professor, Ph. D supervisor. His main
research interests include indoor and
outdoor navigation positioning, multi-

agent collaborative control.



