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Vital Signs Monitoring Method Based on Channel State Phase Information
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Abstract With the development of wireless communication technology, wireless sensing technology has been widely studied. This
paper proposes vital signs monitoring method based on CSI phase. The method employs commodity WiFi to obtain CSI phase in-
formation. The liner transformation is used to reduce phase shift and delay interference caused by un-synchronization of transmit-
ter and receiver. Hampel filter is implemented to filter out DC component and high frequency noises influenced by signal fading
and multipath effects. Discrete wavelet transform is utilized to realize vital signs extraction. According to the characterizes of
breathing and heartbeat frequency, multi-subcarrier fusion and Fast Fourier Transform algorithms are respectively employed to
estimate breathing and heart rates. Experimental results show that the method can effectively capture vital signs in multiple sce-
narios.

Keywords Vital signs,Channel state phase information, Frequency estimation, Detail coefficient
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Fig. 1 Wireless signals and chest changes

3 ET CSIEMHE G EMERNE R

AR SO RS W R AL HE P AE 43 1) B WAL 2L R
CSTAH {7 IE FIl Hampel 83 #5% 5058 08 B R 4R CST 2R h i
AH L5 25 VAL 43 St T o A0 MR 7 B IRCEL A O I O B RRAE 19
CSTEUIE 5 2) £ fir AT AL 11, SR A e (1 2o 38 e 22 28 0 06 {1
A B Al T IR W A, )R] P A B et BAD vk (Fast Fourder
Transform, FET) Al 710 BRI 2, 2 SO 04 Y 100 00 o A [ 2
Ji 7R

T I Ry EwAE ERREGT

| m | 3 I

| BEAR N [CamzR [ ||

| (@) Ly 3 EEEETN !

' Nw o @ i[ERRER | | s |

VERE N i: 1| EERE ! |
|

| Ly [ osmEsit !

D @) 7 N | !
| |

Ly ¥ fEEEEEA|

| | I

Bl 2 BT CSTAR AL A A i PG W ol s
Fig. 2 Vital signs monitoring process based on CSI phase
3.1 CSIHBHLHIE
W 3C) Fin , BT % 5 o A0 B2 oo Al 7 45 & 1R AR B
A (] FE R L0 S 4G CST AR A7 BE AL 2> A5 46 (— o) Z ), A<
SO P 2 AR Bk A AR, 2 T RE R B A R A B

BTG5 T DB Bk B AR L SE 5 i e 7 . AR A RCh
h— L hy—hy
f11f1 _fl

S he=/hi—bf—a
Hrip=1,2,-,114 F 114 ~>FHIWEF S, f, = —58.
—57,++,—3,—2,2,3,+,57,58 2y OFDM T # Il Hii 57 5,
3(b) F7n % b 4R M AR e 3 1IE 5 19 CSIL #F 1E /Y CSI
BT B B S A RS 7 A B R L 4 A RURR BLOR SR IE . TR
BT IR BT, B WY AH AL B R T 4 BT B AR A G SR 9 5

B,
300 300
200 200
100 100
o o
50 50
£ 0 E 0
~100 -100
200 -200
—-300 -300
-300 -200 -100 0 100 200 300 -300 -200 -100 0 100 200 300
Real Real

() 4 CS1 43 A (b) AR 325 1E S5 9 CSI 43 4

B 3 JR4f CSISAHNAER IE CST A5 A %t Lk

Fig. 3 Comparison between original CSI and phase-corrected

CSI distribution

3.2 Hampel JE&

T AT 5 7E A% 3 2 A2 v 5 52 5% 5% W 171 7™ A 45 Fh 32 7 I
AR S A ) AR SCR L Hampel 38 9% 55 25, % 57 IE 7
W) CSI AH o #F 47 38 ¥ % T 4 A F 48 0% L CSI M 1



50

Computer Science THEHLEIZ  Vol. 47.No. 10, Oct. 2020

(L (D) S by (2) e s /by (N (et NE (1) 42 98 31 6
M A& %0 » Hampel 383 28K 5 % (5 € L5 oh (046 %5 2218
KFRERESE AP EEREEER, RHEHNE
X .

| he ()=l |

[ =P
| 4286 <m0 SPWM

B i o8
| L0 (D) — Ly ‘gz,
1.4286 * m
F i€ (1N Lh ARFER B N 58 7 51 0 HE 7 B A
{850 S ST MR om 2 440 % 25 1 T (R B A A A
F 14826 (RIE T m (9 30 205 45 F 25 007 BOIR T 50 00 47 o
L0 A 9 F BRI (5 IR .

m=median( /b (D) — /b ) 5

WE A TR, BT 335 (19 5 0, 57 16 J5 (1 CST A Az
TFAE KA B B IR 43 a0 i AR MR R ™ B R A AR R AR 5 Y
PEUL, A BRI 52 ) , 2 B 8500 A A R AE 5 5, i o i
B N 300,14 ¢ 0. 01 9 Hampel 38 3% 2% 18 B 54
Y S0 B 87 I J5 B CST AR 2 08 25 U8 Bk 5 8 (85 A9 58l
KR ER S ERFEMAE D N A 50, B ¢« 4 0.01 1y
Hampel 38 3 % 38 Bk 2088 v i & S e /s . o 18 4 (b)) it o,
Hampel 383 J& B9 CST A A5 T 26 M AR 45 e A A D8R T
LU 43k R v A R R S B AR Ak

08
06

IE W E

04
02

a
B 0
-02
-04

0 500 1000 1500 2000 2500 3000

HH#a
(a) B IEJ5 9 CST AH L

AL

500 1000 1500 2000 2500 3000

&2
(b) Hampel € % J& ) CSI AR L
&l 4 Hampel YW 5 19 CSI AL 555 1E )5 (9 CSI AR L
Fig. 4 Comparison between Hampel filtered CSI phase and
calibrated CSI phase

3.3 FHIKERE

A TR T 30 I I O Bk A U AR TR L 5 () R
[5) 5 4 Dl B AR Al L 1 8 (R BIH57E 50~ 70) #Y ¢ 8l A ¢
THAL T 8 TR, 2 0L B SR A B B Bl B R e R
Ko T A5 B0 S 04 ISR S A SOk RO 6 38 3 72 AL W 8
X (5555 3 20 O AR A R T . R 5 Ch) TR, T3
(RIS TE 50~70) B J7 28 B R T HAl 7 80 19 07 22, AR 3C

FI 7 22 9 /NS ik £ 01 280 s C6) BT 7

Var(LZk)>threshold, AT IR

ToR T 2K

Horp »Var(éﬁk)fé% kAT BN T 22 threshold &= PIWi )7
ZR/N B,

(6)
Var (/ hy)<threshold ,

HEa

Ca) AN [6] 5~ 3302 119 062 53 A

03

02

VE=

01

e R
0 20 40

60 80 100 114
FREAK

Cb) AN [ 5 2 I 1oy AR 37 07 22
Bl 5 TR

Fig.5 Subcarrier selection

3.4 AGEMEREERIE

WP o Bk 5 | A I 6 A 0 2 — o ARl 59 L I A SR B 2
Bl A TE R AT 0 BB 43 5 Sl 0. 20~0. 33 Hz il 1~
1. 33 HZM . Sy BA CST B0 il BOPE I o0 B R AE A SR
B HI/IN I B 3 I 3 5 T 40 B - AR, o G A A AN TR R
BT BB %A CSTA A 0 A 6] R T 19 30
LR B4 BB ML by G 53T LR B o R 2 5
d' BICRWT .

ai‘(n): ;ZL;M(">¢MI{—2"A~7 LeZz

: _ (7)
di(n)= Zzéhk(n)#—z‘ky 1€ {1+, L}

n€

FOHP L e ) S 1 TE S B A B2 22 L LS 0 0 B0 2 OO
f, 7 RIEE ¢'s Bl @'s SIS, BRI DWT 4 it 41 23 1 3R
FEAR S, B 6 iR, Hrb i LR S o' RAET R AL d
F9 A3 2R 9 18] 20 ) 2 0~ 30 Hz Al 30~60 Hz, ¥ 1 R %X a® FIZH
WRR A SR 4y 3 0~0. 9375 Hz A1 0. 937 5~
1.875 Hz, 5L 3R B35 AR AL by () 1 KR BE 45 A0F B 3 ¢
RABARAL A R B R SR B AR ARAE . R R BE SR Y
155 )2 AT B8 A0 7 B0 0l B0 AR Y PR IR 0 B A 3R, HLGE
DW'T 43 fit 18 B A R 08 L0 Bk 75| A6 e 7 A 000 B, A S 338 BBl
PIRS o RAEVEWAE B . SUH T IR 5 51 A B 3 30
P55 A AR 00 T, A8 SO U2k 0. 9375~3. 75 Ay 41
TR & +d° RFEOBEE.



LR P S R RN EVA EF SN R S TR KR 7S 51
Ho 4 G 5 kA T 3R m AR BR . R 210 P I

s [~ A AN N

6 Bl R AT A0 REUL R E5 R
Fig. 6 Comparison of approximation coefficient and detail coefficient

transformation

3.5 MERSMEMIT

TE 220 K 1otk B8 KO DR B R IR AR fl . e 7 BT
71N o JUT 36 5 A S B S A A A ) B S A T L A
) W P A OO S D) PR, AR SCHR R TR 2 A T AR
Ay W 1] =2 T 1% B ) 18] 83, 3R A5 AR X T B4 7 R 0 O L AT &8
P VA A 4 O R A

015
W
&
010 -
P
005 ) "
& 0
B
-005
-010
-015 . L
6 10 15 20 2 30

k- &2
BT WRMRIE T £ B
Fig.7 Breathing signals after noise removal

TOUAL 5 %) B4 R A A R 0 (L 2 B ARG A 3T 45 S %) o
FUR TRESPAEBEE Py 0 TH BB G AE A 3 m , AR 3C
T I W A Ao 8 B 0k W B S A i — 2P b B, 3 K A
{5 DL o0 I BGUE 3 1 H 0 2 A BPE R AR E AT ER 3G, ok
BN TE A0 ) (. IS 0 (i U8 B v 0 R AN 1] 8 v Kl 4R HE i
7N A Y PR A (R K T IR UE T O v B Br A BOE R AR
B B A S PR B R 1A .

2435 3% 2 A 2k T 2R 0 A9 )R B U B S L i TR TR 38 0
T 145918 sh A7 72 B0 25 5% 3w Al T i RS 0 2R, AR S I
A FT 3k F 38 IR B4 1 () [) R ST A T DR G AR L R R E Ay .

E=L (i gz,xm) ®

ki=i\m

WA R N 60/E,

/  EhEH

IEERA| P,

A
MaxSet={P\,P,,...P,}

|
|
|
|
|
|
|
|
|
|
:
|
[ RRELA LB B RN | !
|
|
|
|
|
|
|
|
|
|
|
|

| sewtwnmps |

i A e

P8 I A T Y AR A
Fig. 8 Flow chart of breathing rates estimation
3.6 U BESER AT
WE 6 (D) IR, 41 REL & +d° J0Ik B 5 R AE O Bk 4
A PRI B O BE IR R AE £ R AR SCHEE T FET S IR0
BEAR 5 B, AT

di(/z):iidi(n)eﬂ%w,/410,1,"',A*1 (9
Hobodi GO RS kA F 3D (I DWT A4 (09 4077 R 5.4
Bd GO WEARKE ., #F FFT A5 5 . A A 06 (4G I 32 % B
FET 5 3 0 1, 122 068 (10 JIT ot 7 4 40 3R B Ay o0 KA 3R Ry . 11 9
JEHET FET S0k 000 BT R AL V25 5L, ke 28 %) 7 04 {1 L 2
{BLJIT X6 07 B4 AT B BRARR Ry, o 1. 239 Ha,

0035

0.030

0025

FFTVE &

0 05 10 15 20

% /Hz

B9 3+ FET 8k A0 BERAG T

Fig. 9 Heart rate estimation based on FFT

4 ZREA

4.1 EHEE

LR AR, RHAPE 3 KL TP-link 4700v2 JC 4k
B e d  — B AR R S o, — & 4R o L T 2 15 I A R
B 5GHz Wi B, anl&l 10 B w52 5 43 500 76 5 38 I 2 55 P 455 F
FEBRIEAT o FEAN[R) NS [R) (9 3 34 o ) 5 150 4 1) BE i A R AL
#F (Line of sight) FHERLEE (Non line of sight) B 5 F , 43 51 %
£ 25000 25804 . ML A DL AARAE AR B gk 1 gl s
) A AR Sl T P T R Al i R e B TR v



52

Com puter Science THEHLEL2: Vol. 47,No. 10, Oct. 2020

F 1 WA SRR S

Table 1 Characteristic information of tested person
A B C D E F
5 5 L 7 5 % *
k33 25 24 27 25 25 25

¥®&(CM) 170 180 177 172 169 158
HEKG) 76 70 78 76 60 50
B (CM) 127 140 143 133 130 116
A (CM) 96 102 100 94 93 92

Bl 10 st
Fig. 10 Experimental scenes

4.2 BHIEEHH

WE 11 R, 24 t=0. 01, threshold=0. 47, N=2, Ham-
pel WA 1 HUE 43 51 300 H1 50 15, R 0 1 Bk 45T 5 14 £t
THAESE SR T MR . 2 R RS — O R 0T P
B B A BEAR T I, /0N 0 101 B S AT B O B v A0 R P ) 1
B AT LA R AR S Y HE B AR . R, SE B
W # Hampel K% H g 300, /NG H 2R 50, % BF 5 A0 B 5 2
AT

200 F 905

300 [ 909

AW OB

400 | 909

500 [ 91.2

30 40 60 70

50
NG EUE

& 11 Hampel & H U X5 325 Pk 58 A9 52 i
Impact of Hampel window value on algorithm performance
Pl 12 fitR 4 Hampel B8 ¢ %3004k AE 605 W . Ham-
pel /NG LIRS 514 300 A 50, F 27 2 BAE H 0. 47,
BB 0N K 2. ¢ WG R ) Hampel 3836 60 1 fig . M 1
SO B R . AP 12 WL L B ¢ O 0O
JIN PR B 0 o 0 A

100

Fig. 11

HHE/%
58858383388
§ ¥
Ay ]

12 Hampel B ¢ X5 2 e i 19

Fig. 12 Impact of Hampel threshold ¢ on algorithm performance

T3P T ZBME threshold TRFE T 77 50 F 2005 A 1% B, A

R AL PERE . W 13 IR, Y4 Hampel K/NE 1 HUE
43 51K 300 F1 50,2 0. 01N K 2, threshold 43 H1i% H 0. 047
H10. 048 B, Bk Y VE B S dme &1, 43 A B 93 %6 F1 9006, B
% B threshold ¥R . T % T 2R W Bt R 4k >, Y BIH K+
0.054 Bf MK A 51 A F1 B ¥ HAT — A 80 F 80, dh At iy i
WA A i A A K . P I RT O 3 2 F RN T
W A3 e T L R L AR R T

100
90

HHE/%

45 46 47 48 49 50 51 52 53 54
thresholdxe-3

P13 3R 7 22 B0 B A 2 6 ) 1 A B Y 5

Fig. 13 Impact of subcarrier variance threshold selection on

algorithm performance

WE 14 iR .24 Hampel K/NE 4350 300 F1 50 B
¢ 0. 01, Tk 22 BME threshold 3 0. 047 W, A [F 4
BB B0 GE 20 1 N 23 X8 BF WOOR Al 17 4 . 24 N B
I 2 B, AR RS R N, W2 D R At A sk 0 1E L R
M7 B AR P IR A0SR T A T R . D, N & T 3 52 W 300k
RIPERE A SCE BRI IR R 0 N b 2,
=

10
0

HHE/%

B 14 0 (56 TE 3 101 R /N % B3k M B 1) 52 i)
Fig. 14 Impact of false peak verification window size on algorithm

performance

4.3 ZWHERHH

B 15 2 ANGIEEEE 0. 6m B, M ART. S 22 F 4
AN 5 57 T 1) 38 £ B0 A i A W I 5 SR Se R A R AR AL 4 RO
[l Fg O B M R R 1 w8 T 9006, HL 4 b 7 1] A o B 5 AH
ST <2 AT OB DN Y A o S s T e A
S L RS AR /N AR AR )15 38 R 25 A AL A5 SR TH AT DL 4 )
) g fs 55 1 AR Ak

100

80

60

HHE/%

40

20

0

Front Back Right Left

& 15 N[l 1] T 00 I IR o B A0 5 i v g R
Fig. 15  Accuracy of breathing and heart rates estimation with

different orientations



B WA B TR IR ZS AR LA B B9 A A PR M R vk

P 16 2 033X\ 5% sty A T 7 I I IR A0 38 Aty T 4 iy 2 19
XFHE o FE S B A R N B i A s S ST RS M T
BE RN 2 o, Hvp S04 BE 2 M T =5 B2 R 1. O m, A T 5
0. 5m, SEREE R ML B i A I 0 R AR A 3 v
S F = ST RVA N B AT RSN NI R L iR O SEs R
ARE S AT 145 SR 24 4 Wi ) i Bk ) WP I S S 5

HHE/%

P16 i/ A 2 3 IR SBT3 A T A 8 Y X LG
Fig. 16 Comparison of estimation accuracy of breathing rate

in standing/sitting posture

& 17 J& A b1 o Ak B F 3 45 A R B B (0. 6m, 1. 2m,
1.8m,2.4m,3. 6m,4. 8 m) B A P KO Bk W 45 ), wl L
BB N D5 A 2 F]FE Y B, e R A O A A 1
P T 28 2 R R R R A H e R AT 25 W A7 B R 0 5 T 3K
AN R R R 90 %0 L . e 0 B 1R Y B PR 3 i
T 52 P 5 M K FE — 2 B S 0 B RA  oE f o
TREZE80%,

HHE/%

B 17 DR O Bk R [ B B A R AN T o 1
Fig. 17 Accuracy of breathing and heart rates estimation at

different distances

SEGAIE LOS F1 NLOS W5 AS 5] FR 5% %8 0 W 0 Bk 471 26 W
) (4 5% W L 7E 5238 3 B L 7E LOS Al NLOS 3188 R 43 Bl 9 15
Z UL 8 RN B3 ) 0 T R 1) L s A R B B A% 0. 6m Ak
SIS EE RN 18 R . LOS FREE R PRI O Bk 1% 37 2 o 1
A5 R 94% F1 88% . 1 NLOS ¥ 85 F M 43 5 J& 82% A0l
85% . ZEHRFWI, LOS FF 5L T IR L0 Bk A9 W I v o % 0k T
NLOS 55 F A9 45

WNEL 19 B, & Gt v ) 6 2 0060 A 1 AR R 2 HL B2 e
BT b ol ] 3 MR G R (1 % 3) kv B g e R 2 AR R
2 L3 oo Y % e 2 3 AR R 4R (2 % 3) Rk S o 5 4 U
A % 2 T A R 3 AR R ER (3 ¢ 3) iy W I &85 SR AR 4 T & S i
O 0 6 R s R U T AR R (1 x D M &5 5, PRI
O BRATCR AR T R R R BT & . A2 1 x 1 REMBRL T,
BB R B MIMO (Multiple-Input Multiple-Output)
ANBEAR AT M & 8 R L A F AR P M1 = 3,2 % 3F13 % 38y
N T MIMO #LE, B, B MIMO & B F 38 & 0 g,

Ao BRI A I 0 o R

100
%
g
Ew
* 70 | EE3
15
60

(a)NLOS

HHE/%

(L LOS

18 LOS Ml NLOS FRHE T FEIE O BRAG T 1 e 1 %
Fig. 18 Accuracy of breathing and heart rates estimation in LOS

and NLOS environments

HHE/%

1*1 1%3 2%3 3%3

R R G BERRE

Bl 19 ZH A5 R /YRR O BEAG 2
Fig. 19 Breathing and heart rates estimation under the MIMO

antenna

4.4 HEHE

BT bR S PR BT R R SCRT 4R B3k VSMPC (Vital
Signs Monitor based on Phase Correction) 5§ MVSP (Monito-
ring Vital Signs and Postures) ') 5 ¥ fil Phase Beat'*] 5 ¥ i
FPsE g X b, Hot MVSP 5534 J¢ Phase Beat 5 3 19 2 ¥l
2 /9,

w2 FkBHOLE

Table 2 Selection of algorithm parameters
Bk S A £ R i E A
Hampel #3152 N 50
MVSP Hampel [ & ¢ 0.01
FRELE & 50~70
Hampel # 3 % 0 N 300,50
Hampel F1# ¢ 0.01
PhaseBeat
e FRAES 62
BN R EAK L 6

Mg 20 R AR ZE7E 1.5 bpm Y8 B 2 ), MVSP,
Phase Beat Fl VSMPC f M-I 471 % 2 31158 2% 43 i B 2% 43 51 Ky
40% .60 % F1 925, O BkA R BIF R ZE 4 0B 21 B R, Ak
PR 2 4E 15 bpm JE Bl Z ] i}, Phase Beat il VSMPC #Y 21}
R 2Z 4 Hi MR 2y A 78 % 1 100% . VSMPC il Phase Beat
B3 S SR P % 7 A R R 3 22 1 o R IR L £ I e e
A R G DR M 25 S B0 A SR AR S B e, TR A
VSMPC R JH £ 8 0% W fH Al , A8 XF T Phase Beat 3R JH 514>
TR U 0 A, e % AR T LB R R A T R O B R



54

Com puter Science

TFEPLEE Vol. 47, No. 10, Oct. 2020

VSMPC 2k i) CST A A% F MVSP 8Bk b R B CSIiE
JEE A R IO A A R AE

10
08
o 06
a
o
04
02 —— MVSP
—+— VSMPC
0 —°— Phase Beat
0 05 10 15 20 25 30 35
3% Z/bpm
P&l 20 W IR AR 8 F) % 25 X
Fig. 20 Error in breathing rate estimation
10
08
o 06
a
o
04
02
—=— Phase Beat
% 5 10 5 20 2 30
3% 2/bpm
21 Bk A A 1 22 A T
Fig. 21 Error in heart estimation
HERE AR T —FP T CSTARNAL Y A= fir (A AE W

B R EM M TCLAR 5 BN RS b I 5 i s kg, R
2 728 46 Ok 7 L AH B RIS AE 14 52 00, 31 Fl Hampel 35 3%
S 0 I A S PP A T ) A o N g AR R e e 3 R
N A R — A5 YRR T L0 R A 2 A Y M P B L I 0 i)
SR PR W (L 3ok D % 2 388 D0 WA {1 7l 5 R0 HF S {4 TR I 55 0k 52 30 0
W R B AT A B Al 3T . SE SR A5 SRR W] AR ST R A L R
T2 B A A AE

2 £ x o

[1] S.E.S. Scientific Educational Systems Respiration. Monitor Belt
logger sensor NUL-236. [ EB/OL]. https://neulog. com/respi-
ration-monitor-belt/.

[2] ADIB F,KABELAC Z,MAO H,et al. Demo: real-time breath
monitoring using wireless signals[ C] // Proceedings of Mobi-
Com. Maui, Hawaii, USA,2014:261-262.

[3] SALMI J.MOLISCH A F.Propagation parameter estimation,
modeling and measurements for ultrawideband MIMO radar[ ] ].
IEEE Transactions
59(11):4257-4267.

[4] PATWARI N, BREWER L, TATE Q, et al. Breathfinding: A

on Antennas and Propagation, 2011,

Wireless Network That Monitors and Locates Breathing in a
Home[ ] ]. IEEE Journal of Selected Topics in Signal Process-
ing.2014,8(1):30-42.

[5] XIE Y,LI Z,LI M. Precise Power Delay Profiling with Com-
modity Wi-Fi[ C] // Proceedings of MobiCom. Paris, France,
2015:53-64.

[6] WANG Y X,WU K S,NI L. M. WiFall: Device-Free fall detec

tion by wireless networks [J]. IEEE Transactions on Mobile

7]

(8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

Computing.2017,16(2) :581-594.

WANG H,ZHANG D Q,WANG Y S,et al. RT-Fall: A Real-
time and Contactless Fall Detection System with Commodity
WiFi Devices [ J]. IEEE Transactions on Mobile Computing,
2017,16(2):511-526.

ZOU H,ZHOU Y X,YANG ] F. WiFi-based Device-Free hu-
man activity recognition via automatic representation learning
[C]//Proceedings of MobiCom. Snowbird. UT,USA,2017:606-
608.

ZHAO M, LI T,ALSHEIKH M A, et al. Through-Wall Human
Pose Estimation Using Radio Signals[ C]// Proceedings of Com-
puter Vision and Pattern Recognition. Utah, USA. 2018 7356-
7365.

LIU J,CHEN Y Y,WANG Y,et al. Monitoring Vital Signs and
Postures During Sleep Using WiFi Signals[]]. IEEE Internet of
Things Journal,2018,5(3) :2071-2084.

LEE S,PARK Y D,SUH Y J.et al. Design and implementation
of monitoring system for breathing and heart rate pattern using
WiFi signals[ C]// Proceedings of IEEE 2018 15th IEEE Annual
Consumer Communications & Networking Conference ( CC-
NCO). Las Vegas,NV,USA. 2018.1-7.

DANG X C,HUANG Y N,HANG Z J,et al. Passive indoor hu-
man behavior detection method based on channel state informa-
tion[J]. Journal on Communications,2019,40(4) :160-170.
WANG X, YANG C,MAO S. PhaseBeat: Exploiting CSI Phase
Data for Vital Sign Monitoring with Commodity WiFi Devices
rcly Proceedings of IEEE 37th International Conference on
Distributed Computing Systems (ICDCS). Atlanta, GA, USA,
2017:1230-1239.

WANG C,LIU J,CHEN Y,et al. Towards In-baggage Suspi-
cious Object Detection Using Commodity WiFi[ C]J // Proceed-
ings of 2018 IEEE Conference on Communications and Network
Security (CNS). Beijing,China,2018:1-9.

WANG H,ZHANG D,MA J,et al. Human respiration detection
with commodity WiFi devices: Do user location and body orien-
tation matter? [ C]J // Proceedings of Acm International Joint
Conference on Pervasive & Ubiquitous Computing. Heidelberg,
Germany,2016:25-36.

SEN S.RADUNOVIC B.,CHOUDHURY R R,et al. Spot locali-
zation using phy layer information[ C]// Proceedings of the 10th
International Conference on Mobile Systems, Applications, and
Services. Lake District, UK,2012:183-196.

PEARSON R K. Exploring process datal ] ]. Journal of Process
Control,2001,11(2) :179-194.

DAI Huan,born in 1983,Ph.D,associate
professor,is a member of China Com-
puter Federation. His main research in-
terests include localization, internet of

things and information processing.





