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WiPasLoc: A Novel Passive Indoor Human Localization Method Based on WiFi

WANG Dong-zi' ,GUO Zheng-xin' . GUI Lin-qing'** s HUANG Hai-ping'** and XIAO Fu'**
1 School of Computer Science & TechnologysNanjing University of Posts and Telecommunications, Nanjing 210023, China

2 Jiangsu High Technology Research Key Laboratory for Wireless Sensor Networks, Nanjing 210023, China

Abstract Passive indoor human localization is the basis for implementing ubiquitous wireless sensing systems. However, com-
mercial WiFi signals are easily affected by the surrounding environment in our life, which makes it difficult for existing WiFi-
based indoor localization works to accurately separate the dynamic human components from the complex received signals. To ad-
dress this problem, this paper proposes the WiPaslLoc,a passive indoor human localization system, which achieves high accuracy
indoor localization by using the channel state information(CSID) extracted from commercial WiFi devices. Firstly,the Doppler fre-
quency shift(DFS) estimation is carried out in combination with the signal quality of the CSI subcarriers. Then, the target person
signal component is precisely separated from the channel state information by using a double-window-based angle of arrival
(AoA) estimation method. Finally,combined with the initial position information of the personnel,accurate passive indoor human
localization is achieved by the proposed trajectory fitting algorithm. Experimental results show that the median error of WiPasloc
for indoor personnel trajectory positioning is 80cm, which is 25. 9% higher than the existing typical Widar2. 0 positioning accuracy.

Keywords WiFi,Indoor Localization,Channel state information(CSI) ,Doppler frequency shift(DFS)

T BT P A AT T A, T 9 B DR v A R e i TE
B ANAE H R BT b KR T E L B T A

WEH PR R E R B e 8 B BN RE MR R 3P R S A B R S0 P 0 R
ULAE R SZ B T AR SRR Tl i 7z 6k . 7 H o 5t B 9 TARN S R R WIFi (55 T S8l A B RO
OB NEMBARG R TN 2R AR ShEUE A, X E AL SN T Al A 8 UE Az O R L
R BT ML AT R TS AR TR E AN TR U WIF R TR TR A I Tz
SANEL L L E i & 1 BB ACE R ET S LEAEM A AR WIFT B BOR B0E 1 B Al U M A gE i

1 3l

il

B3 B 97:2022-05-12 3R & H 19].2022-07-05

HBTH R ARG A H (61932013) s B K A AR 224 (61972201 s TLIR A A AR BL22 34 (BK20190068)

This work was supported by the Key Program of National Natural Science Foundation of China (61932013) , National Natural Science Foundation
of China(61972201)and Natural Science Foundation of Jiangsu Province, China(BK20190068).

WEVEE B 1 (xiaof @njupt. edu. cn)



260

Computer Science THEHLELZ:  Vol. 49,No. 11, Nov. 2022

T 35T WiFi R 5 0wk 3 20 2 Jr ¥ 32 ) 4L BB e 4 4
R LN B AR AR LB BT L BT WHF (5509 5
R AR U R Y E L AURET

H A0 R ] WIFT 34 2847 8 3 =X % N 5L E AT 4R
(L 2 A= B SO £ 3o R =R WD ER Y2 v 3 N DN N )
19 WiFi 55 b B8 A2 05 5 6o B [ 26 58 2 48 19 WiFi
175 L 23 % 5 67 5 S35 LR R T3 AL AR Xk A B 3 % 5
B B AR A BB F) R MRS sy i, WG BT WiFT i &
A TR AT AR S B AR SR AR SRR B TR L AR S T AR
TEARAL I - L 3% WIFT W& #5% 22 18] B 4 5 20 77 2 1 2 A4
I # (Carrier Frequency Offset, CFO) Fl % ¥ 55l % % ( Sam-
pling Frequency Offset, SFO) ™ 25 41 {a] 14 4 ix 46 A A 15 il
B9 0545 W 75 B T WIFT 5 5 5 o B AR 5 22 il e 1) X A,
BN, BTG5 1 2 AR A RO, S [R) 430 B~ 48 I8 114 J8% e
FETE 22 5 FO R A 20 B WA R {5 B B & 1 7 200k
A LA AR S o A B S 8 2 BOA T T B A A T B 0
R AV 7 A P80 o T8I O T A 00308 B L s T A 2RI
JEHET WIF {55 094 3h =X Az i T 11 10 P 4

BEXT R (AR, AR SC T 32t — B 19 % 7 R 48 WiPasLoc,
HRGE S AR TR MR B R R R TR
22 1) HAH S 1 220 A0 A3 A% A 1 B 1R SE I BB Bl i £ 3%
SR AL 1 SRR R R OBUE F R I Bk A TSR S
TUZR R EREE M & b (55 B3R M Ao A IUAE B Al 11 s 5 51 A
PURILE Ik — DR A T e R MUHER . IR AR R
U], WiPasLoc BEWE ER & 7 % N\ B 1938 s 803k, JF 3544 &
T[] 28 A 0 5 100 B

2 MHXIE

BT WIFIENEMRGE - BEE 3 M B RS RE
By BE AR AT $ BB B R 6 B B . R SR AR B B Y H A
B 53 i WiFT PR 55 8 1 &% 21 e 25 (8] L 3R 420
iz 2l B AR RS PR R T A N £ S R A B IO
B TE Y . (ERHE SR B, 7 B B AR 5 RS
15 B AT X o7 119 2 BT O AR — e B 4R AL S
B AT B A PP AR AR AR B a0 AT I R B3R A R 23 A S
S AESE LB B, A5 A SR BRI A 5 R AR AR B RE 7 3 B
LA B H bR ) Bz B Bk

HA T WiFi (55 198 sh 2% e L BOR i A9 &=
B W T X RRAE B8 WD TR A etk | DUSIAR A5 B i 0 2 A BE
Pk 5 5 S Ay R A OK Bl FECHE K B P S . B K 2 B 3E
Mg 2 N CSI A 2 BURR£iF , FreeTrack™? , DlocH*) I Fi-
Do 45 AR #I5 2 2R F A BK 3y 3, 33 28 0y v ol ok oft 22 TR 4%
H4 CST L W G 3 58 b b o7 (9 R S 388 0 B R dak 40080 A 2%
RIBH ., BIRVEKZHE7E R Ak CST AL 2 RS Z 1)
B DG FR 5 IS O 1 I v AR AR T A 2 R 5 A BB
AH GBI N IR B AR KRBk . o Widart Al In-
doTrack ™" fiff 3T £ 3 #1458 M £k 150wk 8RR T CSI
HAARER B, AT N GES P RS sE. BHE

FENLIR 2 A HUE R A A R . Qian VR T sage
BEVL B IRA S EUE T E RS B P RO E S
Bk RAT B [R]RI 2238 WAL S5 (5 S R AR S B AR TR
RIS ENEZRES R B RAS SR, ATEZSH
F) d5e D0 A R B I 52 2% 3 A vy L0 B 1) sl 28 40 B R S M
Wang SR T 3T F 25 0] 0 2 3% 800 RS Al 1T Sk Ll o
NTR] RX R R 0] 14 3148 AH 3fe o 1 [ B LA RS . #X 8 25 43 &
FU AR 25 A UL . T 3R A3 2 s . e M2
IR 0 LAl b A DR AL SR AR AR A5 45 B3R AR R AT I )
GRHE B MA R HGE N, LRI S B E
A 153 B 0 AT AL R AR ) 52 2% L ELR 2 T F AR E S
JB 5k 1 [ R, S BOAG B i 1) F A R A T 2 A RS A 1 Y
ALV T RIS T 5 LA B

BEX bR ), AR SCER AL T —FhOR R B T WIFL Ay B3
EADNIE BV ER VS o S Rl IO A 1= B2 TR AT
A T A I R A R AR TR N 1) & 2% B Y [ I AR
T MRS A T R s i — 2B 5 A ONE D E S A
F AT SR AT LA L R R T T R

3 RERBKRFE

3.1 WiPasLoc &% 8

WiPasLoc {0 F{—4> WiFi %& 5 2% F1— A~ 42 i 2% . & 5t
WA —RRL ARl 3 MR A MRS . R
B WiFi &4 1 RETM CSIEEA , S x5 A BIE 3L
WY IE BR . WiPasLoc R G0A% T i SUARHEZR N 5] 1 i,

Transmitter

Receiver

DFS estimator A0A estimator

DFS-Range
transformer

BT SRR HE S

Fig.1 Framework of WiPasLoc

1E WiPasLoc R4, &t # 1 o & 3% WiFi 55, &8

) A bR S E d g RO IE R CSIE B . A5 0 R4
FUHY CSTREA AL F 2 T 525 0] 149 22 35 SRS A T 7 1 ik bk
T CSTUREA P AEAE () PR R S 45 R WO HL IR 4 A [0 28 1 7= A2 1Y
REHUAR AL i B o O 2 — 2B 45 & T R P Bk W BR T 15 A )
TRWPAET B A B BEALAE 5 B [, X R 4 B A
CSTAEA I i XUET 1 A A il 105 vk #E AT 5 5 2008 A At
NI A5 5 Hp A HE B A (5 5 Bk M . H58 L TE AR B AR



F&F .55 . WiPasLoc: 3T WiFi B8 sh =0 E A R & 08 7 i

B UG 07 BT T L 456 2% SRR 7T LT B AR AR X R
Bk, S BIABURILG B A A E S BIA A R B AR
5 8 T LA SRE v E AR 4 ERA
3.2 FERSERER
TETH F WiFi & h CSI 2 7m B2 045 BT B2 0 B 1 T4k A
S 1445 18 #5 % mi B7 (Channel Frequency Response, CFR) ., 7&
IEEE 802. 11n #R#fE 1, — A5 B A 20 MHz 47 52 1 56 4~
OFDM F# k%, CSI j& Hd 30 > F 8 B RAR(E . Bk CSI
R A AE 1 SR A I ) (9 808 4 2 Ol 1 X3 X030, FE PR
SR AE 1, CSI {5 B 2352 B e X A 3 RRE 1 22 5 2 55 5 )
Pt CST A 5 #E i 8] CEUE £ 30 R CF 80 A 2s ) (f gk
7 LRI B I R, ARSCKE AR RE L AT
ANER b A B B A 0 {1 A
CSIL; ,=A e  0t90 £ B, e 1o 90 N, (D)
H A RESE S AR 2 T IR 0. B, 2
BIREE ST AL JE W N, R AR S AR S L0, 2 B
b N R B 3 7 A AR LR FS » .0 o E 7 S B0 B8 2 5 77 2 10
AHAE AR AL » ;.0 2 B0 4415 45 7= 25 0 A AL AR 07 m S /5 L1 A i
TN 2% A & ST 4 0 s b R [ 2B 0T 7 AR Y R A AR e B
(CFO) R B4 24 7 (SFO) .
3.3 ZLHABMAEIT
% &3] CFO F1 SFO Fr5| 2 i CSI AH o M 75 FL B i [|]
B3R AR AR, T AS B 45 8] A8 4k, N I WiPasLoce SR T RX KR 4%
22T 14 T AR 56 P ke T8 R 3k 2 S i A8 1 AR 0 e R, O ek R
RX R CSIF I 55 — 4~ CSI By 34, 3 B LR 2R 1 ARk
2 ol e AT LR R
CSIL,4CSI s = (Aye 100t 90 £ By e /o0y
(Ag__,,kemf""‘w/'“ +B1,,~_ke“’”"“+¢"’)>
= Ay Ayjpe TP 4 By By,
e TR A By e TG TR
Ay By e [T (2)
RO AT AR B WG H o, BT R ST 8% R4 U 3%
B B B AN [ 28 7 2R AR OE AR AL 58 W0 BR 1. SRIX X5 A
THEZE TR KA A Ay e 700 ) J CSI 8 25
FEMREM, i FHESETRE Wk NESRE L, 5
FOZITEROE 1 L oAb 3 3055 LA B0 g, BT DL AR i
BijaBojue 1O o) BEEFE SR, TS
i 1] I 2 i 1, BRSO RT LAl e sl 2 CST IR i 39 18 2% BT B
i g R A R DY AR BB E A RV
AL jaBogae TG LA, By e (T e =V,
Ay i B e T L A By e G T =V,
Ag By e T AL By e DT ) =V
(3)
3 g % CST A e 5 TR AR 249 5 15 B AH B (4 0 25 4 iU
By B, et =0,
By By e T 0a =1, )
Bs 4By e [T =Uy,
of 5 25 4 i R B A 43 A T LA E

261
E: :I%jie AR Q.M)Jrl%‘;:ze J 05, 720250t 3,500
%%fzzgiffe-ﬂ%qw %4&>4—§fffe*f”uw*“ww*ﬂwﬂ (5
VLI FE AW AT 388 3 40 T 58 5 R
aw,, =Y Va Vi Vi 6)

Uy Uy, Up Uy

5 S5 % R 46 B B root-music B U HI AT K18 £
AR AG TE .

RERAHBR 1y 7 i # R W Bk CFO A SFO, HH#K
T I AR T A 5 vk R LT R A4 Tk B AR BE S A A 2 B R
B B4 75, (02 FE DFS il i1 7, WiPasLoc i 11 8h 25 43 2
% L i 5 o T R A 205 b A0 Ty S A 3 T OB Y W R g
o MEAb R LA R T B B A 3 A CSTAE 43 B LUEG £/ DFS
il S B4 o i kL X S AR BANRYPERE AR LS L AE
WiPasLoc " fiff Fi] e 4 48 36 77 vk Ak 11 22 3% ) 5B 3 43
3.4 FTHE®RERER

AN [ 4 0 1 0k 0 R ] L BOEAS F 3 oo B AR
1B P 25 e . IBVAVRLBE TR Y T8 B AR s sh A Rl
B 7R TSR HORE AR Y F i S Z B R B A Y T
B 2 41T S TF T 3Rk 3 8 1 22 3 s R A T A 22 5 .

30

———— groundtruth
dfs _estimation|

20 %
-

DFS/Hz

-0 2 3 4 5 6 7
Time/s
() F 3k 3
2%
2% ———— groundtruth

dfs _estimation|

DFS/Hz

Time/s

(b)F 8 23

B2 R IR T i i 2 AR R A 1
Fig. 2 DFS estimation of different sub-carriers

ATLVE B 2 H g F 3 B E LT IR 2(b) Y 3R
B v T L S R o B AR aE gh B AT IR
18 A, WiPasLoc BT 7 —Fp P2k D B 5 1%, 7] DA i
PR 1 B0 Y AR AT 2 RS A T, B R OD SR AN GE 1
JiR
ik TFHERENL
A TP DFSHFE D FIZE W, W, . k
i R A kA TR (i do s sdi)
1. for i=1:F



262

Computer Science THEHLELZ:  Vol. 49,No. 11, Nov. 2022
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