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Abstract  With the development of computing technology, machine-centered computing is turning
into human centered computing. Making human part of the computing and realizing high level
human-computer interaction are the directions of the future development towards highly fusion of
physical world and information world. It is critical to precisely sense and analyze human behavior
for human centered computing. In recent years, with wide deployment of WiFi hotspots and rapid
development of WiFi based indoor localization technology, WiFi based sensing technologies,
specifically, WiFi based human behavior analysis is gaining increasing attractions. WiFi based
behavior analysis is a recently developed recognition technology relying on the development of
advanced signal processing technology. This technology utilizes the ubiquitous narrowband WiFi

signals to achieve action recognition and to proceed behavior analysis. During propagation in the
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air, the signals produced by WiFi transmitters will be blocked, reflected, scattered or diffracted
by human body. Therefore, the signal received by the receiver is a multipath superimposed one
which is composed of the signals spread through multiple paths including direct, reflection,
scattering and diffraction. Different human activities result in different features of propagation
since specific propagation paths will be shaped when signals get blocked, reflected, diffracted, or
scattered by human body. Therefore, action recognition is conducted through the analysis of the
distinguishable features of signal propagation. As a result of the ubiquity of WiFi communication
system, such WiFi based recognition systems can be easily deployed. Compared to traditional
methods, such as computer vision based methods, referred based methods and special sensor
based methods, WiFi based behavior analysis has a lot of advantages. First of all, it can conduct
not only line-of-sight (I.LOS) sensing but also non-line-of-sight (NLOS) sensing, for example,
through wall sensing. Secondly, the sensing is passive, which means no additional devices are
needed. It can be deployed on existing commercial device, such as wireless router, wireless
network interface card, laptop, mobile phone and so on. The fact that WiFi based sensing utilizes
existing signal in the environment makes it low cost, low energy consuming and easy to deploy.
Also, for WiFi based sensing, there is no limitations on illuminations. It can work both day and
night. To have a further understanding of WiFi based sensing technology and promote the development
of WiFi based sensing, this paper makes comprehensive introductions and analysis both on the
basic principles and applications. It firstly reviews the development history of WiFi based sensing
technology since 2000. Then the static and dynamic model of WiFi signal indoor propagation and
human model in wireless environment are introduced. According to the processing procedure,
from WiFi signal collection, preprocessing., feature extraction, to training and classification, the
paper makes detailed introduction and analysis. Then the paper summarizes in detail applications
of WiFi based sensing in six areas including daily behavior sensing, gesture recognition, bio-signal
sensing, human identification, crowd sensing and fall detection. At last, based on the latest
researches, the paper proposes several research areas including interference resilient sensing,
hyper-level feature extraction, de-centered sensing, transfer sensing, concurrent sensing and
cooperative sensing in the future.

Keywords  human-centered computing; WiFi sensing; activity analysis; gesture recognition;

identification; human computer interaction
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F5 R . RSS {5 B T DiAE s A s an AL,
08 e R e 11 B AN T X B A AT R
WA By ARBCREE DT (L FReA il i BA K
BN 8 . HETE A B ARG SCERE 19 155 48 2 Fl
FHARM B ) RSS {5 B R AT R B 73 Hr .

{E2 Mo FH A F AR IR RSS {5 BIF A & 1
IERYAE o B iy o ) I 5 0 e 5 A5 2 ) —
AN, R RSS (B 58 8018 . T vk S8 B St ) B
. AN RSS G 2 BT 4 b R T RSS Y
TR ) B8 A5 AIK o TGV 52 B0 ADAE 8 SRR

fRiE AR MF 8. CSI AR B R TE IE 2 &
( Orthogonal Frequency Division Multiplexing,
OFDM) $ A A 3 A5 R A Al 31 B WiFi
K0 OFDM AR LT 78 fir A 1) WiFi 845 F#A
RHCE| CSIF BB J1. X T8 — 5% R 5k i 1Y &

— AT B AR A M CST X . i 0 8 3% %
P REEH A N, WO REEH N N, 7 #k
ANECR m B 2 A — A~ $5 W B 1) 1% i B, o R RE i
Briti —A~ N, XN, Xom ) CSI Hi[F. i CSI 4 [ 58
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RN T YR I (F RS E B

CSI 5 B AR T 15 5 70 4% i ok 72 v Jie 7 A= 114 i

S W 0 U LA KR A O 7% S5 A2 Ak AR B R 5 i
N AEBORE SN v A

vy = Hx +n (13)

Forbon MRS [0 5, H R {5 38 46 B, W A L3RR
N n~cN0,S) U w]fliif H

H=2 a4

fREARSME R (CSD#EX H M4t xh

AT CSIIER T
h=h e’ (15)

For s [n | A0 20 540 T CST B i B AAH A

CSTHR L 1% T4 — A AL i B 6 A — > 1 380K
At BRI A L T RSS, HL A T 40 14 AL B2 A U
JEE .« BE % S8 R0 B A5 36 5 Al A2 1

SRR A AL il 2o e v 0 2 A T AT

I CSLHZ X T L2 N & IEAS 58 B 4% 3k
I CSIf5 B Bk, H %) 2010 4 Halperin % A\
Xf Intel WiFi-Link 5300 - (% 9% 2l #2 /¥ #4718 2k
Fefit CST M 1 L JF & A 1 CSI tool THE, A
A B4 AT B &5 B AR E CST {5 2R ] BE.

J& - CSIAE B7E WiFi 17 &g v 3k 4% ) vz i . 3
HAr A1k, & f 160 2518 X TAEAR &3 T
CSI tool #y . 1y H A AR K — 8 73#B 2 & T WiFi & A
(. BRI Z A0, 1 2015 4F, Xie 25 A JE T Atheros
Wt Bl i 8 ok Linux JF 5 B R 3K 3 72
Ath9k, X1 T 5 — 4 CSI 38 B T B. Atheros-CSI-
Tool , A5 1EH 2845 b AR CST Ak vl AE. H Hif
253 T KR W58 88 F » Atheros-CSI-tool % /b g%
B FHTE 6 Fh2 A Atheros S FO, R B KB
AL B BB R B P8 T WiFi B R
FHE .

FRHEE R W53

fESB

FHIEHRE

i ]

Bl 6 WiFi AT A 8 i 7

CSI 5 L BE 8 52 041 r BE 1947 Ry SR AT g % 5K
PRAS T R MERA 2 S R Ok W BRI A 4 J Uy 1ol

A HATER T B & £ HE WiFi & |
AR CSTAF BAT IR i 2 AT 9K 5l ) A& .

W LA =5k R G T A RS AR
SRR RSG5 AR A AL B35 A AN [R] L TR R
AT S A7 Ry SO EE 2 DA B Ik )5 2
A ARy R
3.2 TuAbiE

BRI 5 5, T & IR 15 5 . 8 & RSS
5 CSI A B & A K E MR . 5 2 JsUn (S
SHEAT AL B, FBRE A L DI £ 5 20 B v 2L Ak
PRIk 78 AT LA 43 R 2 A 425 BR (Outlier Removal) |
WS A LA B P 1 45 5 e

B S £ B (Outlier Removal). l F i 25 W&
A B ARS8 L A0 e S By A% i 3 3R A 1 AR Ak
FEAE S B W R R AR, X e R B R
B TEREAMAT N EA U805, R L

B+ K 2 XA DA G 0 2 S5

EERE R DRI B S TS T T
JEE KT ORI DA B Tl B A5 A5 AR I 75 3. H AT EE
HCH B0 B B A R BRI R 2 Hampel £ 900, Hopg
AT L=y X ooty X o JA B BTA 19 RN E
N EHE R g B I o RS Ly Bl
P i 0 vl 8 B 6 BB i A EL A 3.

TE U N AR By A 1Ry 05 R T 4 v A AR LX) T e
RAE(R T BT 3245 Pl e 75 1 S0 L A AR 22 5 0 03
AR LU0 A - o 25T R LB B 25 8 30 1) 7 A AR
25 o AL SR A o0 B 0 B A R S B T B AR T o
{5 5 BRI A2 . 24 B 32 28 A4 08 I 07 7E ARl

20 T EA TAERRA LT AR ER AL
B T 4 453 0 L 8 90 14 9 [ — JBAR 8 T 5 B A
08 S 1 O AR o AR T A v 2 I Ut

@  Atheros CSI tool. http://pdcc. ntu. edu. sg/wands/ Atheros/
@ Dji CSI tool. https://github. com/libing64 /manifold_linux
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K2 ANEERITHNEHREEE

B BAR 1k AR [/ Hz
CARM?] 25 0. 15~300
WiSeel12] T4 8§~134

WiFinger-?2] T # 0.2~5
WiFinger2!] ASL FiE 1~60
WiWho!+] RO AR 0.3~2
WiFi-IDE7:46] TEAT N 20~80
UbiBreathel7] I G A6 0 0.1~0.5
WiHearl26] L ER RS 2~5
Zeng-®%] JB %47 R 4 0.3~2

fAE. R RIS 5 M .t TR AN &
S TR R R A A HE R i R AR A S (R I
L1 R o 7 o O = T o A AR AR U DS
SR S TR I AR 1 D0 A R 4R 1 15 5
A A (LR AT L R A (L 532 i AR Al 2% i B 7 )
BRI A7 2 P 3 (L DAL T 2 P i) 1] B 22 2]

W2, 223 DL E 2D BRAE R Z 5 A 58K & A 5L
RWGEFS WIS ] Bk — 28 X5 5 2547 7 24 4 B DL IR
W P F14 2 TR Y- 249 184 D7 9 RT A3 O L SF 2 RN AL
XL A RIXE T Y BT S A AT R F
Hin 5

T new :%in (16)
i=1
TRF- 5 W] 2 % B — A o5 3 | — S BUE 2 5
WA R
h, =h, !

T m b m— D et 1
lmeh, +Cn=1)h,  +-+h_ JTUAD

Horh ng i 20 ¢ (R HT-EE. m W D E T 2
L5 0 TR 09 1 A DG R
3.3 HFMEREX

XF 5 S AT BUAL BG4 3 25 R RS S S S,
HAS TABNIERER. HEZES 2ESFY.
Hoh B & T AR EE R W 1 T shfE
(A5 B X H AT 23 A AR b T e X 5

AT O B SR B R 1 A B SR JE R BUREAE . O
2t — 2 3 M B8 5 S
3.3.1 54k

RAF T 2 WAL BG IR RESfE S . B ok
FENGELEAR 5 R R B4 B LI A5 5 42 B
oK AR X i A AT 23 SO AR B4 i 0f
BL )55 BE A5 5 1 70 BE R 2RI 55 19 28 fL AR Ak
KAEAT. T 1A G LR LB [ S AR 55 3R U5 1%

WiFinger " F| ] OFDM ¥ 28§ 2 [al {5 5 (¥ A
KA ST A T 3R 18 AR SCRE R L SR 5 PR
ik A QR A R AIE o FURRAE . 2B T el E
SR G 25 AN KRR 1] B g 7E R AR 0 T AR
Bl FEAILAE A, T 25 BE P 3, 7 20 =2 1) 22 15 4
KL g AL I HE RS — 2 (EA TR B /.

N
—
e e DIIL Ay HOES RICLY

Hrp N2 THP D [q: (D —q (U= 1) | A
BT H P R EE E R /o, I T2 T H B
3.3.2 FREEEL

RBA REE R BLZ G S X AT il A7 o 287
B AR AT L B3 XG5 I R B AT 402K H 2 —
RO s B N BOE 3 A7 PR 58 o P R LV o %
AN T LA — AR AE B T Bl b 3R BURRAE L 2R 5 B
YR a8 AT . 7 WIFL 47 i@ i, 8 F
FRAOEAL 45 G THERAE L 2235 3y 000 78 P AIE /)N B8 He R AiE
P K i 0 AR AL

GETTRFAE. ok G PR B AT SR o
S5 B el SRS AL . G R AR ST A B Ak B
o AR TR B R A e e WIET A7 o8 3R 51 Fp 45 3 15 A9
Haj 2B WS TR AE i ER 3 Frzs  a] LL gy ki
AR | o BREAE 42 DA 2R TR A B B,
AR I U 2 78 6 AR I 34T FFT 2840 2 J5 1
AT R 4 Y.

®3 EBRAZITEIR

Vg A5 358
Stk Fik Siit i ik Stk Fik
o . " N— W o
(Nf"j(xji(m{%m) Maz(z0) (T\/Itejﬂ{nﬁ) LZ xi ﬁ}%ﬂi‘%ﬁ FFT(D:Z Gre(De 'N'
< < i=1 =1
" iy FFTG?
e /ME . VES N T Y wine
(Minimum) MinCxo (Variance) 2(1' 2 B R E FFT(j)?
i=1
" L,E“fo)g -~ LEUV*f)‘ 1wl /2
fri L W 2 A fii ' g &t e= 2] P(?
(Skewness) (Kurtosis) 1 -3 o Re ~

(L(I, —x)? )7‘

n
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(&
B 5k i 358,

gt FikA it ik St Fik

R 43 A . 4-4r i _ - e )
(Histogram) Histogram(x;) IOR Q—Q 911 A Hf;P(z) In(P())

I o {8 J5 #R ;

(Range) Tmax ~ Lmin (RMS) ﬁ}:mé{ﬁ Max(FFET())

LI AR a0 SCHRL67. 31 ] ¥ 02 R SE it Jr
ERARIBUE S RAL A, Q&L 7 B g o s 1 Lo 5r
JE B R DL AT JL AR WL 3l AR 15 5 R iR 45 5 U

Raw signal 'Lxmplitude !

empty ! standing

walking | lyin, I crawli
g ! lying | g

Lot B - R RN 7 25 {EL. #h ot mT L 4R BBURRAIE 2
JEfE SRR HEIMA 5 X 7. HE
T S RE  TE T R R 4 4.

AR Z TAE R

Mean : : : : Variance : : : :
| | | | I I | |
| | | | | | | |
| | | | | | | |
| | I | | | | |
| | | : | I I | h
i I | ! ‘
| | | | W h{ ' ’l
L |
l i
| | | l M I
| : | | JN " ( | |
empty ! standing ! walking ! lying Il crawling empty ! standing I walking I-,-~J¥113g~J| crawling
7 Y AE R B
x4 MBEWIFITAHABRMIELR
IPE 'S 51 e B SN BUI e
CARMz)  Intel 5300 NIC G 18 3 BB LR R UM #e 06%
CSI F AL 4 B (PCA) 25 I &9 FhahfE DTW 0
EEvegsz)  Intel 5300 NIC 11380 0 PR VAT 1 RS S CSLIRBEAA 96% TP
ves sl A T 2R K MM E RS B4 9 FhBS 2SR ZH/E DTWE&EMDU 1% FP
H (78] Rt
g warn  WASPR&D HBOT K A BT 8 Faf sk ATRIEET
1
Hy . USRP N210D© L RAT R RS SE A QE O
Siggt™" RSS %5 Fha KNN. sl 8%
Intel 5300 NIC N
4 T U8 — MCFS ™! A 912
WiHear!?s! USR(I;SII\IZIO P 9 FICH K E RO DTW 3 A 74%

@ USRP. https://www. ettus. com/
@ WARP Project. http://warpproject. org



2 @ JFE. T WIFE 5 0 RIS R B0 B AR 58 28 ik 241
(8 F
e B AREE)
M B 515 B eI il PP
- — - —
WiGeso WL DWT % TADIRM TITFS SR RN
WiFingers! ¢! ESSOIO e i 9 ff ASL F-2 kNN 90. 1%
" JInEL 3 B3
r . DWT 2
WiFinger22) Ml 2300 NIC B T 8 AT MD-DTW 93%
. ’ s bR L
. NI PXIe-1082 LA s 3 T
?f;{ Mudral23] csl T HTFIRE I MFH DTW 96 %6
il . Intel 53 1C . . I 55111 LOS 929
I wigen I SS0ONIC o Massare i 5 A T D T35 LA gos e
o USRP N210 o . e s
WiSeel12] L HEF55 9 FhFH [C N E=RR 94 %
z 2y 0,
Allseelss  EMBEICRE {55 124 R FA TS S TS BREN e
. WARPD % 929
Melgarejo80 RSS 1% 30 D% 25 i ASL F# DTW TEAZ 84V/S
. ; Intel 5300 NIC EZERC11S e s N M2 NE] 6 )
WiWho g e L&V FEIAAE 92%~80%\
157 Intel 5300 NIC 618 9 EasEis M2 AFE 6 A
;f; FreeSensel**) CSI PCA,DWT ETATES B kNN 94.5% ~88.9%
T — e Intel 5300 NIC i Y P B 39 55 T R AE M2 AF 6 A
;E WiFi-ID47+46] ol B UM (CWT) BT A7E B U SACLE 03977 %
. . PN . Topl 79.28%
- Intel 5300 NIC PCA 43 #r N TTEHE LK
Wifiut) : e DSt ot Top2 89.52%
csl 353 8 B0 S 4 (STET) FRHAE SVM Top3 93.05%
. B R BR - -
Wisleepttt) 307 Ln NIC $ Dt 5 BB AR L BN
i TR kPR ’
N {388 D i
g Wispiot 7 AGERIEE it 51 B A MARBONN  90%~95. 1%
5 o U AE N3 2 A5 A T
TR B WIF 550 1 U IR
41 UbiBreathe™” RSS BB I Wi 6 Ho il 2 96 %
JR%
e s FMCW ik NPT N 99. 3%
P B [39] FH 1L T O kRS
1 Vital-Radiot* 1] 3 £ 3 IR O 86 ARG B 98. 5%
" % 90 % DL 1
. . B A BR
Lilss] Intel 5300 NIC ' ;Qii*& WP 0 B T /NF 0. 4bpm
Csl U LBk 90 LB
A /NTF 4bpm
. EZET e VoL
o Intel 5300 NIC s ol EN90% L RiRzE<2
[27] yA
FCC CsI NHTE fl‘fh’\l\% FHLT0% L PR <2
) B WiFi &% s RSSI 88% A FiR2zE<1
[82]
?j; Depatla-* RSSI NHpTE IN¢ % 100% L Figze<2
b N RFID #5% A Ak B P
JRX 3] .
£ﬂ CBID!83 RSS S W 5 Ji5 % AT R 43 e L. 97.78%
) RFID #7% P i % 93 %
ShopMiner!84] RS@T JB % 4T R S B iﬁ;@ég 85%?
Intel 5300 NIC v v 45 14 AE
[66] Y Y
Zeng!™ RS 0 U8 SHBUEREMA ity o 90%
% s Intel 5300 NIC [ — b SRR il 2 87 %
g WiFall ] CSI UIEEEIR L PRSI SVM R 189
i Anti-Falll'”! Intel 5300 NIC (i S Gt RRAE K i % 89 %6
W RT-Falll1s] sl (66 i 38 o g SVM X 13%

Z W WRE . NRR SRR 2 5 R AR 5 iR
0 5% o B 2235 A% . i I RS s R i 2

e B R - BE S I S 1 2 2.
WiSee " it Ji: i@ Tﬁzﬁlidﬂm?ﬁﬂﬁ%}i@]%%

@® WARP Project. http://warpproject. org
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RSB T WiFi {55 19 F #3019, WiSee T
PSR R IO R A 22 35 8RS A AR A B Y X
Ir1E.

NI AR A8 /N 7 4 R W S IAE 2 IR R
XA AT A3 0 T R TR AE B A B A Y 4R
AEJ). B B R BRI i s sl A —#F BRI
D)2 45 R AR 22 40 5 30 3 N P A A B % B /N I8
FA0 M n] LA HCH A5 00 BE I 0 N Y A AE. 4
CARM* ] Fi /I8 e A5 46 2 JOAS [ 450 B 1) SR AIE o DA 1T
Ao BT 1 T B AN [] 38 43 1 32 2l 7 RE L A gl 2 15/
78 48 AT R A ] 3 J3E R A3 3 Y gl A X 23 T 2R S T
AT LU A 40 4 42 SO A 3 /R AR AE

N 33 P R AIE L e Ao ) A BRI 78 46 (Short
Time Fourier Transform, STFT) Z B ¥ shEE
5 A 4 RIS A 1 BE R A B A 0 4E R AT S B
FEOINORS 48 R . an B 8 T R B IR AL T AR Y
RTRAE B FLI [A) 0 AR O B S R DUAR 4 o 2 kAT
AT A5 3 AR S AT A A Y AR AE A T AGE
o G AL B J5 10 R AR BURRAIE.

1.0 2.0
i 1] /s

(a) CSI waveform for falling

0.5 1.5

=
[=)

Frequency/Hz
S
o

Do
(=)

1.0
i 1] /s

(b) Spectrogram for falling
Pl 8 Bl b A ] AT

3.4 SRS

BN A Bl A 4 IBORRAIE £ 37 RO R B AR
BV RT Xk SR A 14 Bl A A 5 BEAT 20 A AR KR 38 1
MY AR 2% 3 B 1] 23 S YRR B X 0 Bk
I WS 888 135 55 A B E A 23 A7 169 10 1 D) AR 40 1oz ] 5
S AR U SRR AL A5 2 5 T AR R A T ST i R
THI BT B AT B B X — 0 T AR A A [
(19 I FH A 575 5 AE 2 20 B B8 =2 18] i s L B4R

A 2% M OG0 TAE A SO PR IA.

IR T80 H F AT R 55 55 B AT 40 28 Rl )
(18 1o P T 5 D0 B ) P 2 S ) B0 AR AR I
Oy 25E% S HE I 2 2 KA W sh VR A5 5. T R X &
(4 43 SRR 31 7 3k BEAT AH B B A 2.

Xt F SRS S R0 AT LSS A B R 5 2 A 43
AR, RN 7 v 2R F Bl A B[R] B (Dynamic
Time Wrapping, DTW) ik . B 45 1158 87 4K B {5
5 RIS (4R fBLRE o AT 4R AR e I I IR — 2. 4 26
i U T 1 D) 2 R P M B 2 ) 1 O 1 S R R O
K S SRR AR I Rk I 2oy 26 4 L SR UG T
FHVNZR AT 0 43 2 2 R AR I 1 Sh B {5 5. 4
RS 58 2 10 07 A7 35 1] 5 AL (SVMD Rl iR 3 4
(KNI [m] it A AF 58 CAF IF b 2% 006 IR B 2% 20 4
AREIAE] WIFi g LB 5 U006 B2 R i
A3 R 25 TR AR AT AE L B A 2.

DTW. 7 WiFi 17 B v, 220 o 5 1 3l 1k
5 TR T R S O B AR AT A
TR FARRUEE . SR T AR S/ B AR KB B ML . 3l
A B PR B AN — B R LA R AH ] S S 4R i
14 4 i BR L HEL A5 B85 B8 TG 2 3 R A e 81 22 1) A R )
JE. DTW 58 2 8 B2 b 48 10 B A 77 81 ) — A AT
L AR5 5 — A FFIA ST ARG R R
AT 55 BE AR ALPE T

DTW B A 55 i A7 I 25 s g 6% DL ok 1 iE 47
V. fH2 DTW B35 5 K L iy H iR 51 1 5 4K it
TR ARSI s I X RAR F A R e AR A iR
25 5 WX TR 25 R 5 ) ™

KNN. k 48 H kb 2 /8 WiFi @A A% £
10 5. L SR ARUAR 5 5 B G SR — AR A 7 R AIE 45 (1]
H )k A S AR BL CRIARRAE 23 [8] Hh 5 48 3 ) I FE A Hh i)
REZHUE FH— A 250 WHZ AR A 8 3 4> 2001.
3 O AR TSR AR ARLE BT PR O BT 0 5 45 i
Fror2k.

KNN3 ] 5 5 SE 8L 36 5 T 2 4 2K Il i, {H
S AR AR AN B4 i I 4 i M R T R

SVM. SVM 587k 38 52 fff F Al 4R P B 55 530 350
25 [ R AN T 43 1) A 2 i A\ 2 1 A i 4 2 () e 4%
P AT 43 B 1) R0, DT E 5 4k 2 (8] R 2 1 3 ik ) 3
LRAVERFAE BEAT R 4. SVM B A B0 19 43 5L R L 15
BT ERNEBE M ERE SVM 7E KA BREA F AL
SCite. ML A SVM TE fiff Tk 2 43 245 ) 1 A7 A5 R XE. F)
i SVM #4740 2815 i WiFT A TAEAE R 4
FERE: NS
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TR Bk B T LA B i 20 380k i o Ay
VI AT ffy 22 20R TR BE 2 20 T ke o T 304 7 o k.

Nicholas A A2 ) T DeepEart® , 5% FH IR & 2%
27 Bk R A S R (R AL ARG HOR A
AR WiFi {5 5, B 218 & 5 5 [ WiFi f§ 5 —
FE SRR IE 7 AU AE 5 R L% Wi Jg% g B A AR 5 1Y
Ja Kk . B9 Bl DeepEar #4246 &, 38 32 5% IR

Voicing Indicator

Audio Stream St
- Input Layer
—— . — @) —>|/\mbient Scene Analysis DNNI-(—
+ O —>| Emotion Recognition DNN )-(—
O
[ Pre Processing_|—#>[O| | Stress Detection DN |
voA S
—> Speaker ID DNN
O p

Silence Filtering

B 9 DeepEar 2% > 3Ly

JE 2% 2 J5 W s AEIF R e ad RS DR Ak RS A 1 0 Lk
T TR T HMM 8545 58 1) i 8] 77 51 43 250k

W I 22 A L 7R A5 STk [69-73 ] 45 T/ (o VR B 2
> Bk B AARAT R g 0 o 2

AN, FATUF AL th T 3 F L E S S5
RAT R Hr R4 WiQ ™. WiQ i i Tk 55 R &
725 0 B3 BRI LB A A R A AR L R S
B AGNE 10 B 7R 09 TR BE A B 22 I 2% (CNIND)
i CNN ) 25 U550 25 3 O3 JA &8 2l 1 o DA T B 4% i
1 b 2 BT M 25 35 53 F 45 1 B B ) R R AR O 0 T X6
20 O3 BOIRAS A0 R 55 EAT A0 B AR 5
W R B WiQ s 57 T J5 o 3 A A R, BN TR AF
SR IR AR 1 R B R SR L DA
18 ) AR R AT A AR B N S RE B8 A R0 D W 7 A
R Y 52 MR i — 20 4 AR A R

(S2)

52
12 feature maps 12 feature maps
(2X2) (1X1)

Input layer 61 (€ 61 (S
eature maps eature maps
(10X10) (8X8) b (4X4) P
IR
kernel |
(3X3)

[]ﬁfﬁﬁfﬁffi.ffﬁf.....,

convolutional layer

| subsampling layer |convolutional layer|convolutional layer| full connected MLP|

Bl 10 WiQ 4ty e

4 WiFi 5S1TAZHRARFEA

BEE WiFi 17 R &AM AR BRI 3T 3
A WIiFi (55 B0 — KA %0 . N BE R &
Wy H AT R T AU B B 4 A E . S R
B A SRR 30 A A BT D B R A A I W T R I
FEI LR ARAT B LG 7 AL T L g 5 Pl A
ZIE A H B T NSl Z IR 1) B AR SE |

A4 GEBH AN Ik A BT WiFD 47 2 3750
TARC S HES A T HEAT N T3R5 & h
INIE AR BEE AR BF AR RN R BRI A 6 KOl T
TR 3 ) X6 3K 6 4> 7 T 15 R AT TR A0 0 A 4]
I AT o3 BT FILS 4
4.1 BETAHRM

A& H #4728 (Activities of Daily Living, ADL)
AR BRI — MR E W — 5. HW AT
B & i Sidney Katz %578 20 fit 22 50 4£fU4R I
(1) Fi 1Y A N TEAS T 22 P B B9 1 0 4 K AR 25 A
FNE, FEAFEZ PR AR i By Ok 3 5

1128 BR DL SCRL75 0. 2 g 5K Ja 37 A8 X A AR I 3y
FLRZS Y B4 O Ll B i WiFD AU BT 7 8
RE 10 v TR 45 9 a5 T L 3 AT LA S B N AR
A1 B SR,

Sigg % NVNTE 2013 A F K JC LR i A Kk
PGS AR BRI B 15 5 R B RSS AR 1k ok
FW AR SR, HOR 2 e KA — RO S0 4e
fiE s FFxF KNN DU 3 | o SR 45 22 Fh 7y 8 50 1 0 AT
TR E FOP SN R AE 850 L I

E-Eyes ™ J&: i Wang % AFE 2014 442 H A0
AR Ji NRAT N IR R S8, E-Eyes il & 76 7 H
WiFi ¥ 45 ok CSTAFE . 73 Bl 4 B —BR85E T 1 4
WURRL TS 1L RS e 9 Bhits b )k s If L kA T
IR AU SR CST i BE 43 45 15 8 R 4iE , A H
EMD F1 DTW S35k #4747 R0 B 23R 5
RENT 9620, Hoag R I S

CARM"™ J& iy Wang 4§ A7E 2015 4542 ) i 3%
F CSI W AARAT M43 A f 45 2 45 CARM R G0
ST CSTZARAE 5 N A 4% 5 4332 2l 3 BE 22 (] 189 X6
KRR 6] B g 7 N AR 4B 4338 2 i 5 08 8 2k
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L
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T R B, SEEE T N CSI A5 5 42 B AR 4535 43
15 2 R TN OB S 2R R AR 5. R A T
A GE AT SR 9 Rl E . CARM Y U504 2 3k 3]
T 96%.

Wei 28 N FE 2015 AE B E T £ 4> WiFi 15 55
Z 18] 2B I B AT Ay SRR 3 BT PR A I 00, 2 1
F-Hi i 7 75 (Sparse Representation Classification,
SRC) 19432877 AR AEA T PR B0 T X 5T
AR A 8 A PE MR M RE AR 10201 |

DO R e = @/ K (BN P ST S 7 NP L A D G =R N
18 3 B 5E. W WiHear ™ 3 i ¥ & S 5 22 1) £
W T8 0 S RHE 5 0 A W B Y A2 Ak i — 2D R
PR B A - T SE AL T WiFL (19 8 15 1R .
4.2 FHIA5

T HAR BN E AR S AHLAE B0 52T B, df A A
MR A P S I L WD R AR A R o = N
RL3E LA A K AR 8 g 55 7 s BT SELAL
BTV Ty 3 6 BRI IR S 20 80 R A% R A R
B R KA R O A By 5t IR 4O BB AR 4T 1
W R RER | py 3 5. 45 T WiFi 947 o &
B RAZ )G, T WiFi i P8R 51 & 7
2 RIE.

2013 4F Pu S NUH I T 2 5 FHRUUINR SR
WiSee. WiSee jili i3 )\ WiFi {55 d 2 B A K12 35 1)
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Background

With the development of computing technology,
machine- centered computing is being replaced by human
centered computing. Human behavior analysis is fundamental
for human centered computing. Recently, WiFi based human
behavior analysis is gaining increasing attractions. Compared
to traditional methods, such as computer vision based,
referred based and special sensor based methods, WiFi based
behavior analysis takes advantages of none-line-of-sight
sensing, passive sensing (device-free sensing), low cost,
easy to deploy, without limitations on illuminations and
scalability. Firstly, this paper review the roadmap of WiFi
based sensing since 2000. And then this paper makes an
introduction of the static and dynamic model of WiFi signal
indoor propagation. The paper summarizes in detail applications
of WiFi based sensing in areas of daily behavior sensing,
gesture recognition, bio-signal sensing, identification, crowd
sensing and fall detection. At last, based on the latest

research, the paper proposes several research areas including
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hyper-level feature extraction, de-centered sensing and transfer
sensing in the future.
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Research on

make breakthroughs in ultra-wideband communications, and
at the same time make the WiFi based activities more precise
and easier to deploy. Currently, we already did a lot of work
on them. We proposed new ultra-wideband spectrum sensing
technologies and communication protocols. Also, based on
WiFi signals, we conducted researches on passive gesture
recognition and activities quality analysis. Previous works
have been published by top conferences and journals such as
INFOCOM, ICC, IEEE Transactions on Human Machine
System.

This review paper can help us to get a comprehensive

understanding of WiFi based behavior analysis.



