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B ENERNWI-FilEELMFE
bHEL, FHEE, HEM

(LR TRFOLH AR B S IANL TR 26, 1 200093)

i E:ATWIFILERKWEAZL T, RAFMHELEER —LE B — 8 H R &R &AZ5 K
7% B (Received signal strength indicator, RSSI) A& £ 5+ , R B XL AES AR A F AR R E NS
MEAFE MR TAATE , AT EE A, AR E —HESFHRENE LT, BBkl s
A & (Access point, AP) it # MERZ TR T B X IELHKIE A, B4 AL K5 H % (Procrustes
analysis, PA) 3T 35 S E AR AL, R FMEEIANEST 2 5. £LNE KRN 4 3% MM E (Cosine
similarity, CS) %42 B AR BG4, A2 RA R AR F AN 4 & F X T Hrdt 7 ke 2 4x
WAt AT T B R it B FRAREKY TR T EE 2 E AR T F AR Z 5 A
#12.96 m A= 2.29 m, A8 Y 8 Am AR K 2% 4R (Weight K-nearest neighbor, WKNN) ik 4 E o 5 RS T
21.3% #21.6% .

KEE: FRAEALBRE TR T AEMNE,; FAXE

FESES: TP391 XEFRAERD A

Indoor Wi-Fi Fingerprint Location Method Across Heterogeneous Devices

JIN Shijialuo, LE Yanfen, XU Yuanhang

(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology, Shanghai 200093,
China)

Abstract: In the indoor location based on Wi Fi location fingerprint, the received signal strength indicators
(RSSI) collected by heterogeneous devices at the same location and time are different, which makes the
offline fingerprint database incompatible with the online signals collected by different users, thus affecting the
location accuracy. To solve this problem, this paper proposes a localization algorithm suitable to
heterogeneous devices. In this method, the offline fingerprint database with stable signals is constructed
through the selection of access point (AP), and then the fingerprint database is standardized by procrustes
analysis (PA) to eliminate the signal difference introduced by heterogeneous devices. In the online stage, the
cosine similarity (CS) algorithm is used to obtain the position estimation of the target. The positioning
performance of the proposed method is tested with four mobile phones in two typical indoor environments, and
the factors affecting the positioning performance are analyzed. The experimental results show that the average
positioning errors of the proposed method in the two indoor environments are 2.96 m and 2.29 m, which is
21.3% and 21.6 % higher than those of the W eight K-nearest neighbor (WKNN) algorithm, respectively.

Key words: indoor Wi-Fi positioning; procrustes analysis; receiving signal strength indicator; cosine

similarity; heterogeneous devices
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[l

Y )R MR Sl 5 BRI B R RO W 45 B R Sy SE B B B S (E B s A A 2E e T
1S LA R B BE N TR R R K I B R (B A A T, BR T Y i 9% (Location based service,
LBS)"E 2o AT TAEA 6 A IR . R B SR EE P, GPS A 28 4 nl LA 43 5 07 45 B 7 L i 7
BN EISNEM SRS . MEZSEHAED B TGPSHESEEAEZGTSREEREAL,
A5 A GPS 8 A7 47 AE LW 2 FH P 04 8 iR 55 75 2K, B0 = D9 o 67 B R g 3 i A

N E AN E L EE S WSS, (D) BT 0B M € A7 5 1L (Range-based) , & A7 2] 1k B 1] 74
(Time-of-arrival , TOA)"*'  F| 3k i} [[] 2% ¥ ( Time difference of arrival, TDOA) ™ %] 35 £ i ¥ (Angle-
of-arrival, AOA) 45 (2) 3 T #5215 5 H UK 58 JF (Received signal strength indicator, RSST) B VC I 4 45
S RS i 2 U R AL 3E KO A8 4k (K-nearest neighbor, KNN)'™ A K i 4855 (W eight
K-nearest neighbor, WKNN)"" . 33 24 5 v 40 45 8 28 0175 28 W5 1 [ B, B 4 B B A 07 X O i3 — A2 4K
i 1Y 07 B 2% i (Reference points, RP), I RE S %m0 RSSIE 5 R AE , 2 37 K2 B X 345 5 23 [A] 43 A1
FRIE R B T8 B0 s fE L B B 2 T H A SE R 4E 19 RSSIF 5, M Fi8 80 v 3k B K A 55 FLRR I B 25 A/
192 7% mi R AEIZ KA S 7% 5 60 W AR 5 09 B E 8O ACE BHEAE J B bR A5 T 00 8 SE e . X0
TR LB A R B 00 B kil PR e A R BN B RS B L (R S AR OIS TE 4L RSST R 5
(P S 4 38 5 SR A B, Pl T [ B 45 B R R B B 03T K Bl R R B B A 2 o RSS!, &
A B B R AR B RSSTE 5 5 BT (37 (9 07 B i S0 AN BB A RLDE C , A 1 288 380 3 25 3 U K 7 o
R 22, DRI A o] o ol S 4 18 A SR S S 1415 D0 T A5 2 AR 8 S RS BE R TS TR R R —

A7 R 15 A S 4 P T 0 7 3k = B SRy A I T R B R M T S o R M T 1 i R A S R B B
Hay AN () 152 4 R 4R 19 RSSTZ ] (9 56 R R, 7 4 B Be it i 5 R AR %) H A 15 4 R 4R 19 RSSTHEAT %
e Tao %5 A HUAY 76 2k B4 TS % U 4 P2 0 A RSSTAR B9 28 1 56 2 B3 e 5 o %, 6 RSSTAE M
TELR B F W S B ORI BR A 5 A8 158 25 o HJ2 3K ol e 559 o B0 3R 5 10 2 % ik
B FTE L VA8 I X 0 OG22, AN B M M, AR 3 T RS B o SCR [ 12 14 FH S ) & (810 (Sup-
port vactor regression, SVR) YIS % W4 5 78 & B 4 Z 1) 1Y R etk 5C RARAY A R0 B R 7 3 48 Z ()
B S AR D) RT3 RS A R 38 T B 2 5 25 1 A ] P o iR 25 I O, TR R X LAl A R R S A 1%
A B SR, o SRR T 1 Y D 3 R R 2 T A R P i U A SR B 1 RSSTIHAT 48— Ak BRIE B
LG PEFE 8, Mahtab 45 1147 538 J 2% (Signal strength difference, SSD)%4: , i J R[] Wi-Fi Je 4k
$2 A i (Access point, AP) R 1 RSST 22 (B AE Ay 8 Fr AE K 1 51 15 5 A% R BB b 5 655 0 28000 R 3 45
ORI, DT 3R R A8 RS o (HR SCRE AR E 6 XS PN TR 1 AP R AE A R B4 R 1 S A A O ik
FLAT — 2 0 JR B o X1 B R T S A £ A 0 B A PN A A e S R 25 A AL
it 26 1% & 48 20 (Hyperbolic location fingerprint, HLF ) 5 R $8 80 W) S5 4914 , B FH 8 &0 2 18] #4) 5o PE G e 42
BARGORE . PR UHR I T HET SVR () RSSUUG J i LAAME 25 ) RSST. Wei %R i RSST L%,
T — AN A S50 A 3 A AR S 9 L 481 5 39 B2 B K Ak (Expectation maximization, EM)! ik
T A L FUE SR UE , FR G0 1 A B A AR 5 22 B R A% L AR S a8 i 12k AR R/l s Sz Ta) B RROL
BB E WK EIMES 255

AR SCAE XS S R PR 35 v 22 B S A8 152 48 SR B 1) RSS9 R 1 HE AT 20 B 1 SE iy b 42 1 — b B A o 1 15
SAb PR AR 5 L BRI A R AR S A B A PR I R e R B S BRI AEAE K AP A RE S|
MAE BRI KO A B 2 2 BE R Il L, 38 T — 5 745 M i 22 (Standard deviation, SD) ) AP #%



A ER £ .EFHELEGE RN WL T4 F ik 705

PR, A IS 0 PR B b A O AR E 1 AP 5 5 0 6 4R SO LR A [ 43 BT 7 (Procrustes analysis,
PA) K 1 BR 5 44 3 4 4l ok 19 RSSIAR 5 I 22 , fie o & FH BE T 4% 5% A0 L (Cosine similarity, CS) Y
WRKNN 5k JEAT 8 07 o Sk 56 UF BT 5 53 3 19 58 (0 Pk i L AF BT %8 N I S R R R 48 M T A 48 8%
FEHEAT T 08 7 S5 o
1 ESHESF

K AN )35 48 76 [ — A7 & 7] — B Z0SR 48 RSSUE S Bl W WA AR KN ER . XMH&ENFH
P X I SR B 5 B R ) 6 R T A R 1 22 SR g L AR SR I L AR & A B B Bh R RE R
Uity XoF 152 2% S AB) T ok 1 RSS9 19 25 S AT R . 38 1A 1 T S 36 FH A 4 Fh 5 49 1% 45 £ 45 iPhone 7p .
iPhone XS Max & A Mate30 Fll Mate30pro [ #0614 5515 B, .

X1 RSSIESXRE&EEH

Table 1 Information of RSSI signal collection devices

WS Wi-Fifbik BAERSR SoC %
iPhone 7p 8 MDM9645M 10S14.1 A10
iPhone XS Max Intel XMM7560 10S14.5.1 Al2
Mate30 L JE 5000 Android 10 B 990
Mate30pro ELJE 5000 Android 10 JBLIE 990 5G

H1 2% 1 AT, 4 Fh 5340 U 45 10 FORE (R AR A7 A — B I 22 5 o R SO S P 4 S5 4 180 4% 76 AR ) 6
[F] — B5F [8] >R A2 AN 6] AP (9 RSSIE 5 R WF 58 5 0 12 45 19 RSSIAE 5 R fiE . RSSIE S A CH FHF A1
WAG /NP AT REE . BRI LA TR — A B REM AR AP B RSSUF S . EAERNE, /MR
PRI APTEE O X F 10S R M % 5l R G EAE R FLAR T, 10S R G0 R E 1 WitFif5 %5 RSSIAYIR [Fl
(BB L A O~ 1, 17 22 53 28 456 4 U ¥ L > 0~100,

0.8 80
—— iPhone 7p —-—- Mate30

0.7r ---- iPhone XS Max 701 '/"\ —— Mate30pro
& 06 2 '
Q 3
S 05 =
7] et
204 2

0.3

0'212345678910 2012345678910

APF 5 APFS
(a) Apple devices (b) Android devices

Bl 4P RER RSSIE S
Fig.1 RSSI signals collected by four devices

M 1(a) AT W2 F |, iPhone 7p 18 45 K 5 (1) RSST{H 4% {& = T iPhone XS Max % 4 , Fi &l 1(b) AT
B 5 £ A5 AT, 3 45 SR AR 1 RSSTEATS A B R AN ], 33 B2 0K B R AR A5 45 0 6 & A Z0AH [F] , A
[] T AL R 4R ) RSSTH % 20 3 [l AR K, 3 b AR 518 A7 B 15 5L A AR, DTG 5% il 8 (o2 M e o TRk, fiy
T BRI PE T AR 22 1R T — ANl Z 00 i [) 8
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2 EEEZRMET

ARSI B BR R B HE SR AN K] 2 T 7, i 44 A R T bR o 22 RN TG 20 BT 125 A 4% 9% AR RLEE 53175 (Cosinesimi-
larity algorithm based on standard deviation and proctoranalysis) , A 3C{f Ff SD-PA-CS /R .

EMLE T AR SIEL 20 B, BN B e 2% (ORI A R IR B 1Y Wi-Fi iy RSSI
55, 456 X L Y 057 A AR 4G I 46 48 SOBCHE e o 236 R A — b 580 125 T I SR R B0 O 1Y B 4 5
M, CRUE T BCHE 09 T P s SR 5 R SD S R AT AP BB, 4 B I X3 9 A2 19 AP 15 5 L 2 4L
I8 24k e W AV 7 B BT 03 52 % 2 5 B S5 EAT P A o A A B B3k i SOBUHE X S5 0 R A 1 UM L 7
LB B, LS B A B Be AP S HE 5 9 AP P I X TE 4 RSSIAE 5 #6471 AP [7] — PR Ab 3, 28 PA B3k bR ifE b
JE M CS B H AR i .

Z% pi L B AR

| R LRSSHRY [H{ RSSHE S [+ 13—t || APit#E || PARRAEILIRAUE }—\—{ FRIEHIREUE |

BB

RAEFERRSSYE 2 J—4k, ' PABRMEIRSSIFSI [~ CsEiE |
A B Al TH A AR

2 SD-PA-CS & f ik i i A
Fig.2 Flow chart of SD-PA-CS location algorithm
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B LB B E L KB RN 2% i, (i 4 D A BE & AE B2 5 R I R ST N I A fiE 4%
W B i) WiFif5 5, 20 0 4 D JRUR 38 B0% o B3 MAS AP AR, D 37 FE AT — B 3 4 19 DL 0 15
g, s (D) FiR

0 0 AP, AP, - AP,
z, y, RSSI,, RSSI,, - RSSI,
D=|x, y, RSSI,, RSSI,, - RSSI,, (1)
rx ve RSSIR, RSSIz, -+ RSSI;y
Hrp
1 S
RSSI, ;= S DIRSSI, (2)
s=1

Khz,y,i=1,2, -, REH i NSH MO E LR RSSL i =1,2, -, R;j=1,2, -+, M, R/RIZEH
FESS iS5 % B A AP S A RSSIUE 5 R A A F 3415 .
2.1.1 A TFSD# AP A %

WE A 3 A WEF 6 S 52 9 KR W TR I AP A5, 9256 bt & BAE — S48 )2 P9 BE A I 2]
ML 2001 AP, FEE M ENIIE T B2 M AP EFEE NG e Z R HEFS A
FaE ) AP, LS 5 A TGO TUA A B & i Sk i e

IR E NI GG 2h &5 RSSURFEE 281k . 3T SD Y AP 3£ 5575 R FH RSSTH#7
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I 22 2 M OB 19 RSST YA 17 &0 , SD BB , N AP G M B 19 RSSTR 5 BASE , 0f B 1 AP B35
AHEATRIA VL AR R SR E L B BURE A AP FE 45 5 5 SR SR (6 RSSTE 5 (1 4 ofi 22
SD, A4l SDAE X Br Ay AP si 2R AT B PP HES , e BURT NS AP s TR 80U . SD IR &R

1 S
SD,-,f«/glz(RSSL%fﬁ»’ RSSI, ; (3)
> s=1

AP RSSI i =1,2, -+, R5j=1,2, -+, MCATESS i D RP sUEWCENBR A 555D AP RIS s > RAEE,
A SA R ;SD, AR HIRL ISR j 1> APFESR i1 RP {9 SD{H s RSSI, 3R m BEATE LR i 1> 25 % IL
BIH A AP B FT A RSSIHE S RARME A F 21, i (2) s
XA AP s BUCH fe /N SDAE A
SD,;= min {SD, (4)

ie(1,R)

H:SD;, = 1,2, -, M jA AP STEFT A 2% 35 1 RSSIE 5 19 SD /M . #% SD, /NS K HES
HEICHT NAS SD AT R ) AP SR AP S { AP, AP, o) AP |3 MUSUIA H S0 B IR O HE 20
2.1.2 Minmax )2 —4t

T UE /N P BT B A APTHE DX F 10S R 58 14 51 R G4 A SR AR ] , 45 K8 T) 2 46 R 4 %)
Wi-Fif55 RSST & A A 5], P& ik % S0 3R ) Min-max U9 — 46 8 45 B0 76 7] — B 90 F 7 1L . 4
WA R RSSIHE 52 AP %E#%)5 N /,=(RSSI, |, RSSI, ,, ---, RSSI, y),i = 1,2, -+, R, AKX N

p— ﬁ*min(ﬁ) (5)
max(ﬁ)* min(f})

X P min(/7), max (/7)) 23 B R 55 0 A48 S0 R/ R K RSSIAE , Py=(pi1. pros o pin)s i=
1,2, -, RAH—LF M5 i RSSHA . B 345t T PR & R 4R 19 RSSIE 5 H— AL FT 5 19 430 1 .

120 1.2
—e— iPhone 7p —e— iPhone 7p
100 F —— Mate30 1.0F —— Mate30
80 0.8
“ 60 R 06
~ ~
40+ 041
20 02
Op—t——¢— ¢+ oop, , ., . %
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Hix R P S Hix R P s
(a) Non normalized RSSI distribution (b) Normalized RSSI distribution

K3 H—1b /s RSSI4r A &

Fig.3 RSSIdistribution before and after normalization
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Fig.4 Test point serial number and standardized RSSI value curves of four kinds of equipments
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Fig.5 RSSI distribution
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B Bt FH Mate30 RAEE M FE LR 80, HAb B A A 12 F SCiHie . AR L PERELS R 2 TR .

x2 FEEEMMELELLE

Table 2 Performance comparison of different algorithms

BB Bt 5 TR B Bt :iPhone 7p

[X 3§ Bk IR ZE/m Jr2%/m’ R /m
WKNN 2.75 6.53 14.68
SD-WKNN 2.82 6.20 14.09
A SSD-WKNN 2.80 4.36 9.04
PA-SD-CS 2.34 3.25 10.73
WKNN 2.03 2.03 6.20
SD-WKNN 2.01 2.00 8.41
b SSD-WKNN 2.11 2.11 5.92
PA-SD-CS 1.89 1.39 5.43

B2 B Bt :iPhone 7p, TE £k B Bt : Mate30

X 35, (NS P2 /m Jr2%/m’ KR 2 /m
WKNN 3.76 7.28 11.42
SD-WKNN 3.17 4.90 10.31
A SSD-WKNN 3.93 3.93 9.61
PA-SD-CS 2.96 3.75 7.29
WKNN 2.92 3.33 8.21
SD-WKNN 2.90 6.09 15.58
b SSD-WKNN 3.50 5.05 9.50
PA-SD-CS 2.29 1.71 5.18

% 2t PA-SD-CS Jg A 3¢ Ar 48 19 & 37 8 1%, SD-WKNN b % SD 2 v 1) WKNN & i & %,
SSD-WKNN & RSSIAF 558 i 22 19 WKNN E 7 5k o B X A 1, WKNN R AH B K3,
CSH TR LE3, B IREE R E TR, AP &K N R 80T R4 ] 100~15014 AP #)
FEXI B KH7,LEL7, Nk 90( LA R4 5] 150~200 4 AP #) .

B3R 2 LA 7 (6] — g 67 DX, S 787 SR FH ] oo 67 7 125, 15 TR R 18 28 R L 85 2R H S ) 18 48 B
R B A A TR AR G R B o (HL A SOOI 4 80 325 A8 DX 30 A X3 B b ) s 7 G B X e, IR i 4 R 40
M 2.34 m A 1.89 m, 1 WKNNJ& 2.75 m F12.03 m, 4255 7 14.9% 1 6.9% ; M 45T 43 %} 2.96 m
M2.29m,M WKNNZ3.76 m M 2.92m, 328 1 21.3% M 21.6%, JFHXKB AP EH/NT 4, XHB
BN 2, M T HAD R AR RE T i/ R e i o DA U B AR S A R T DA R
SEA RS RS R S T2 M E NI,

3.2.2 AP BBFAH AT EAL M AL A

WENEOLN TN E A Kt & ST WiFiUf5 5 19 3% i 2% , 0 2 £2 760 A M e o 35 B R KL &
FAAR S A PR RE Y AP S BRI AS SCAE X8 A X I8, B A I 5% AP 28 £ B0k 52 A 1 8 1Y 52 0, 4% 5 (R
R AN SO 25 AN 8 BTy o 11 8y X s A v 1 14 7 A7 i3 25 Bl AP B30 AR Ak A BT B R o B A
iPhone 7p R4, 7E 2 B B (i FH Mate30 R4 . W LUA H S5 07 2 58 0 1R 22 B & AP B0 19 3 K B ik
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Table 3 Influence of grid size on positioning accuracy (off-line: iPhone 7p, on-line: Mate30)

o - A% R/ /(m X m)
1.8X1.8 3.6X1.8 3.6X3.6 5.4X1.8
WKNN 3.76 3.89 4.00 3.88
A SD-WKNN 3.17 3.37 3.98 3.87
SSD-WKNN 3.93 4.36 4.35 4.75
PA-SD-CS 2.96 3.25 3.49 3.67
WKNN 2.92 2.99 3.64 3.69
SD-WKNN 2.90 3.04 3.32 3.61
b SSD-WKNN 3.50 3.75 3.79 4.07
PA-SD-CS 2.29 2.59 2.67 3.03
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