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Radar Vital Sign Detection Method Based on the EMD and BP Algorithm
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Abstract: With the increasing demand for medical treatment, public security, anti-terrorism and other aspects of urban
life, the vital signs detection of non-contact radar is gradually getting the attention. In this paper, an algorithm for radar
vital signs detection based on EMD and neural networks is presented. Due to the non-lineag and non-stationary
characteristics of UWB radar echo signal, this paper utilizes the space and time scales characteristics of the EMD to
decompose the signal and obtain a series of IMF. By combining the BP and IGAineural networi;s, it optimizes the signal
and obtains the heart and respiratory signals. The experimental results show that the proposed algorithm is more accurate
than the direct EMD decomposition and reconstruction of the ,.signal, which makes up for the end effect of EMD
decomposition, and has broad application prospects and research value.

Key words: UWB radar; vital sign detection; EMD; BP neural network

s
*

BT AR — DX R TORE I AL EANAE &
TIRAFR R A T ORE D, L E AR
A RKZ R NS B RB LT iR gE
3T B B TR A A R A AR A 2 B 2 e AR
{5 SR I RELE AN O3 IE WIS S 00 T 3RS
PRAESE BB DA IR, B RS, @it
PR AT RS S MR LU AR d R I A AR Es . R

© YRR IS TA]: 2016-12-12; SR A IA]: 2017-01-05

AR BRI T L5 R (UWB) ik 2B LR 5
fIRe o, MIE S PR EFENEBREL, iRES
ZieTHtRe /i, AT LEET 2 B AR5 R0, JF Ha]
DL 73 H I AR, AT UWB BEA7 588, % T
IR AN S BEAT RS 5 R .

A AL [ A5 5 AE s, AR BAE SR ALK
ISR 7 S A T, BT AR DA 5 2% 5 o B EUAARAE (I

Software Technique- Algorithm #AFH A - 535 217

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn/1003-3254/5920.html
http://www.c-s-a.org.cn/1003-3254/5920.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.005920
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2017 4F #5264 55 8 1

W B F 5 A A ARG — A A 0 1)
1R BRI clean Bk 12 28 o 25K S L
P F 60 S AT 28 B R th B 1355, T B 53
SIHTCA) FEE A [ A5 5 % 4 R4 B H0 R 2
A ARAE S5, T34 £ 5 B TR AT R R et
{85, AR S BERFE RERIA 15 5 105 0
K T (35 43 8 R, A3 R A2 [ 52 1 38
SR AR AR B R — B S TR S 53
BT F) 38 B30 0047 74, (LR 40 A
T KA £ 5 A 8 B, 0B 55 150
e f5 5 ANl A BT, BN IR0 B T R £33
UAR/ZIPN

ARSCR P T2 1A JRUE 9 EMID J7 70 1]
B B RUSEHEAT 4, 7950 — R IMF 4 ik,
T EMD Jrik 351 % IMF i fEf7 (A IR 2 3 2K
R IR B, A SCR 45 20 JGA ¥ BP #4511 753K,
A IMF 4y A7, FHZE 5 5. SR, 5
T DL (2 L VAT R0 R th 2 i PR

1 UWB Hia4E a5 5
A R (UWB)E RIS B8
VAT R R B e A 5 5 AR B 4. IR A R
2 5 Nk 2 T KRNk A JE FEL A 3 ek,
UWB 3 0 38 o 57 ) 267 g
0 = s —1(0)+ Y asc-1) (1)

b, o, ¢ 9 BIORAE 5 A S DRI RS 5 R G2 18 I (]
ap, a; ANRAE] [ 5 52 AN F] Bl i 1400 A [ 30 0k R

T 7, 9 N AR B [ B S L 1400 o B A AR

C()F 7o B IR 35 N A sl S A S i fs B 8 224,
do 37 R B B AR TR 9P 0 26 18, 1T R 2
NARIEE B d 2 RN O B 25 5] ke i AR, (R R
AR B N A i s 2 1T P B P R S R O
d=dy+C(t)

=do+ MpcosQnfpt) + My cos(2n fyt) + res(t) )
o, My, My 53 R NARIREIR G Bk B TS 8 BE; £,
S 53N NARIE O BRI, res(£) A BRIFIR
I B A0 FC A )N AR 30 51 6 ) 1 s e B AR A TN
AT BN [ I A 7(£) AT 7R 9

T1(H) = @ =170+ TpCcoS(2n fpt) + Ty COS(2M 1) + Tres(t)

v
3)

218 # A - 5% Software Technique- Algorithm

Ho, vERINH AL R, 10 =do/v, T8 = Mp/v,
T = My /v AR R 2G5 N AR ] 2 B ZE . DFIRCRT O
Bk G| RL I AE, 7,0 2 HAD N ARG 5] L (R B 2E . R %
TRIEKAHE T A p(o), WEEUE 5 Ry

R(t,t) = p(m)*=h(r,t) = a;p(t—1/(1)) + Zaip(r—‘r,-) “4)

SRR T, T 9 R0 ) R 1 R 1A 0 R
HH (& AT A
R(m,n) = r(mT,nTy)

= arp(mT, =/ )+ Y aipmT ~7;) )

e, m=0, 1,“2,'...,M-1; n=0, 1,2, ..., N-1, FT LA R(m,
) XN S, At PR AIE (2 S5 A 7 5 e

2 TRIRARAEAS S A I B SR B
2.1 RGBSR

Zo UM 53 R (EMD) S A 38 500 11 5 i 1) R
R K HEAT 15 5 40 LA 31— 2R 51 16 5 AR IR e A R
FEA% 5 R BB A A AE A B8 5 IMFY, BT EMD J5 i
AT BT 2 100 35k B A 11 25 ) ) R PR AE
DAL T 17 AR A AT 28 005 5 0 4, 0 H AR AR 35 3
ENsee L P AvE S~ I=]

EMD B35 75 52 SR I 470 1 [7] i 10388 45 T i 435
BB AR R 5 I 30 el N B g St 4
— AN TMF 43825 R A 2505 J2 A 26 1F1): () Bl 1 B
A B 60 P, DL ST R BRI A S
TS AN 5T A 22— Q)RR %0 4,
JRA MR AR B T A4 BB A R S i )
R (1) BOHE 28 /045 WAL, A0 D SR 55 A0 AL 2 1T 4 453
5 ) FT D e R A 23 R B AT AL (2) B (1 B 4k
Jr ST A B 1A R I — T . A S R 07 34 4 SR
G.Rilling 1 =N TTRR, HEMAEIRMWT:

(1) REBVEEE ()1 FT A WAL s R /M 5, 4
FF SR8 4 305 3 1 0.4 1125 Imax AT Imin.

(2) HHIIE ML = (nax + lnin) /2, KO8 IR T A1
hy = s(t)—my, F3EIH) k()0 F 3 2 IMF L1384 1F, N
CIMF, = hy

(3) BG4S, ffid) = s(t)— IMF,.

(4) BEE BT LR b IR B8 B R B R0 d,,
d, TR (e, REER I — Ao 8. SR
5 T T B T LA R

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20174F 55264 55 8 1

http://www.c-s-a.org.cn

i H AR SN A

x(1) = dy + Z IMF; (6)

EMD 7 f#f3 Bl & ERE R R E S A
FIT WA PR RREAE, N e 3 B AR IR 43 2 ) IMF 43 553
AL E TS 5N [F I () ROBE (S 5 R AE, 1% T UWB
RS 5, N AR PR I R Co 6 2 5% FR) 30 [l 38
B 2 HEAT P, [0S 5 R AEAS 5 B ZE TS SR Tk 58,
0, AR oy i B AR Je b i R I IMF J A
TRAEAE R, O BE S 1R T v TR AE S A
PR G B AR RS JRAE IMF 23 8 1 K BUR B for B
2.2 454 IGA i BP &M%

ST A% 1 (BP) i 6 I 266 Ao 25 5, 110) 56 A o i it
B NAG S X o A R (B R )R A

Gt AR A, PR S Y, MR IR

ERCELT DN ST EL e SNCET
VSR T ¢ 2 10 2 I U S\ 1 B
1 0 O PR WV AN 5245 4 S 42
) TR BE T D B R, 80522 T B 05 1 B,
2o R 2 ST U, T 5 /M 2 R B A8
BRUEL, IZRED 5 57 11 I 2859 V1 25 0 22 245 ) et
FALREAR IS B, AT AL FRA 1225 N 253
LT M 5 K5, 5 VOBUA A 2 1725 10 5
44415 2 Y RO FRE L, LR 0 £ 4800 07 A 5045
— . SR G 1

AL EX, A

fHESY,

K1 BP MM A

1T+ BP SR A A 2 T B, DRI m] e A4
Z AR B /IMETTT 55 B T R B dme /s I HAI RIS )4
R T . AR SR 2 T AR S e HL I b BE e 42 R
R R S AR R SR B 9% 18 45 032 IGA (Improved
Genetic Algorithm)e§ i3k % 48 BP B R iR sk 3, I
H.BE 15 2 50 0 00 28 4T SR ASUARL AT I 2 TR 1. LA ]
ke 2 fiR.

IGAFI:AAL

ETIRE e ed

BPHHZE R 4%

[REEE7LcHed

IR 26 BUE
AR

v
PATRAR 1%
AL

RELSIEA

A K2 Sl BP kiR K

1E BP K WIUG I T I IGA 16024 S K 5 1
B AN X R FEE /0 X B AL B — AN
BRI 03 28 B P A S AR B A2 P L3565
AAN I A5 B 58 I K ANV T B DS R 3, 76 DT A it
SR 19 7 35 40 512 W B0 3 AR A FO AN A BN TR,
57 R 2% 2 S N TR B, 3RO .
B IR I BP SR SR BT 4/ TS A (A 1, 1R
T AR A Al

H45& T 1IGA 1) BP HikxI 4L EMD 43 fi# 5 1
ALBFIFILI) IMF 4515 55 5 T4 R 0 DA s Bl
&SI, 8% EMD A MR 8 IMF (1),
i=1,2, ..., N AR REROBUMME 9 BIMEF(r), 17 1M %
ﬂ%mb®imﬁ®%%%ﬁﬁﬁmmﬁkﬁmmﬁ
BRI B 7E ny-ngt] 4R UF S &
IR, x () R0 615 0y T 635 A

Xp(t) = ZZZM. BIMF(t)

Xy (1) = ZZ‘;@ BIMF(t)

3 MRAEAE SR
3.1 AREI

TESEBR B IR B A, Jo] R 58 B 75 S 4 R K
BEAR 7 R0 45 5 (15 e b, PRali () R EMD fg ) R
FERF YA BP A 28 0 28 R 0L R 12 A 8 58 42 1 25 B
SR EUE W AR AE 5, T A SCHR R T EMD
1 BP #2825 (AR AE A 5 0 I B vk, LR AR AR Il
Kl 3 .

Software Technique- Algorithm X fHHA- 51k 219

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

20174F 55264 55 81

Eape Gl ; N .
. PCA 24 il [ PR [E]
§ Wi >
fﬁ B n B g PSRN B 5
HFIP | | SERIGAR | I IME
=5 [0 |BPuigm%k[ i v
EMD/%}
it
OB | | AAIGAR | | LEKIMES:
55 | |BPMZmZ| &

K3 5T EMD 1 BP #1148 W25 (AR E S = Rl S i A

AN HE T EMD A BP #1480 2% 1) 57 8 AR AE {5
SRR TT AT B, HSE B R

(1) X IE FIBIEAT UL HE, RAIBE ST PR AE R

P 58 21 1 ELIB .

(2) X FAL B 5 B 5 5 R R ETu 2 F(PCA ),
5 5 2 0 N, Rl 1 TR 1 1 B A
WOy B, KBRS 2 TN VAR, B 2R A4

(3) EAAE 5B, KB A A o] e

(4) R A= i [ 3 o S 0 5, 4R ICEE 5 1 E b
55 M 11— 4EA5 5, 1205 5 BUONARAEAS 5 (9 8135

(5) Xt (4)rh 2R R AT EMD 20, 15 21— 41
MEARERITR 7 HEFU R IMF 53 B

(6) R4 IMF FIMESE . I SE, 6 e PPN AT L
BEAE 5 1) IMF 20 &, R B 4T 454 1GA 1) BP
LA T, A OB AR A 5
3.2 HRSL

B R AE B AL % 4% AR SCA# ] MATLAB 2014a 3k

AT SEI0 M () A B, SR FH R 2R A4 400 MHz 1
—R—I UWB Eik T8 R A,

O R AEFR BT s B A TR B T 1.2 m [RSE
Yoty b ATE R AL 22T 50 em IR T-E, £
HEE 5 E ik RENMN T —%HELZ& L, BEEA 1.5 m, &
FIGHOAME 7. BEEELERRISG ).

Kol 2 50 BE RN 25 GHz BIERFE ] B
N 40 ps, K SN 4096 A, RER TN 39.2 s, 15
SHFE A N 4096784 K, Wl 4 FR.

33 ZR9h

ME 4 7] UUE HAE S LR e s 2L B EIA B,
TEELE 1100 ST 46 I BIZ IS 2 0K B3, SR BE 1]
WG T BT A3, TE BUHT RS 5 BE S=3000%784, U

220 A - 5% Software Technique- Algorithm

5 fis.

HIERERNRIAE SRR

500
1000
1500
2000
2500
3000
3500
4000

REIE

}T:

100 200 300 400 500 600 700

. LT/

VS R

) |

Tk )5 K95 5 B

200 =
400 e
600

SR

800

%

1000
1200

1400

100 200 300 400 500 600 700
L Ve

5 Tﬁﬁiﬂ}ﬁﬁ’ﬂ%%\

\

MK 5 *ﬂ&ﬁ%ﬁﬁ?ﬁ%ﬁt#}fﬁ%ﬁiﬁ@‘@ﬁﬂ‘ﬁlﬁl
%mﬁ&%%i@ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁ
50051000 ZJA). XHEBAERE S HEAT PCA 407, X B 1
By fe s bt Eeae K IRT S AN, XEdRTFES4
PCA 7 Ja 1 £ 7 ARB 22 R B 776 FA 10 B
i AR5 A, WiE 6 Bk,

EESEG

200
400
600
800

PREIE

1000
1200
1400

100 200 300 400 500 600 700
BVt ¢

Ko FuheEnAk

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

2017 4F #5264 55 8 1 http://www.c-s-a.org.cn - I WA

BT Z AT A el n, 28— A FE TR R 2 AE S
(1) 2% 38 43 52, R A W 22 2 50 B R AR A AT IR £
FRAEA) &, K £ 0 1 R (B RE R 25 B AT 25 Bk
FeW i, AR SR B2 bsxfun 58 B0 B0 2471848
e DL F 3270 1 05 B R R 1 25 (A1 AR B o 2% 3 7 &
B EEME S, WE 7 Fos.

PCAZMTIETSAN %

200
400
600
800
1000

R R

1200
1400

05 1 15 2 25 3 35 4 45 5 55
%T:‘/P%z

« ¥ )
B 7 REEh (S5 5 s 540k

R ) [ AS 5 R A LA AR e R B R PR AR,

Az i [l B 4 B S ) SRR SR, TERIHE £ 300~500 Bt
AT, B9 B AR B ) 32 VR HHE A 370 B, $RE R g
K 2 375 HIEURE RO AR AR E S 5, Wi 7. % ik
T EMD 2 fi#t, Wi /& 8. IMF3. IMF5. IMF6 Al
IMF7 2R IEAE 5 U AMER S R 2, IMF3 90k E 5
5y &, IMF5~ IMF7 MR AS 5 00 &, 1 /= A0 56 1
IMF1 1 IMF2 JUJ /& 1 5 73 &, IMF4 3275 () /2 PE A
SIS B, T S ORI ) RBEAR S 7 & IMF8 Rn
KN 51 B iE SR A o RLR I, EMD ALK IF IR

l

AU B 500 1, 3 AT LA M 75 4 62 4) 18 HH ok, S H
P55 1 [R5 B S T 2 IEﬂijZEI’J/f’éfi -

% EMD 43 fiftJ5 (1) IME3 . IMF5. IMF6 Al
IMF7 37 2 P TN 3 5Ky WP B 15 5, 411
9. 5SS AL, 7T WAS 50 o B R b, AR
A HABAT R I 75 (A7, (H R B ENE SRR R
R T B, 1R B0 Bk R RS B B AR T Bh
g3 i e 9iE 22 531, T DA 55 AR A5 5 P B AR 3T P e 75 4
B HRAR, (HIA T MARIESS 5 (1 88 B ILARRAE SR HL. 1M
K10 B R B AR Z BP Tl /2 B84 FFT 403 f5 5
FAJF Lo B R P R A 5, BT LA 5% 81 7 R A5 5 R A5
T AU o R, RS S N I, g A KR
B 9 5 106] b AT PR G0 28 0 2% T /5 1A 5

TETE R ) s RPIRAE 5 A1 B AE 5 R, (R IN H 9R b
T EMD [ s KBRSk 1, 455 20 HART A

Empirical Mode Decomposition

TR T

i it A

‘rn‘ Aol M ]l\n(-,—d‘i“‘v-q’(“a-\J“A’M‘q‘n“\)“’}“‘-'0‘\,““\‘,ﬂ‘vl,'hw-m‘w\'\
[

res. imf8 imf7 imf6 imf5 imf4 imf3 imf2 imfl signal

Kl 8 EMD HfiftEan[Fli 5 1% IMF 5 &

[= SR o]
——

-2

-6

0 100 200 300 400 500 600 700 800
15

| i i

S W

—-10
-15
—20

0 100 200 300 400 500 600 700 800
0 B

L GEY BP U SRR OB

FRIPIRAS

(=3 S P NN
T T
T S S |

E -2 b [ - :
—4 A / . .
ARV {
_8 L L L 1 |
0 100 200 300 400 500 600 700 800
t/s

20

E?’JL&JMDF

|

]

| ]

E.”_S Wﬂ i Hl )‘ i Jf H‘“M “ |
-10

o 0 100 200 300 400 500 600 760 800

t/s

—

2
(=3}

K10 £ FFT SEAARIERALOBME S

Software Technique- Algorithm # AR - ik 221

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2017 4F #5264 55 8

4

43 F
éu:r Ta

UWB & F A5 5 B R AR et itk B

AR GEMIBEHLE, 51315 5 AR IEAE 5 IR TS, (5L
ARARHME LAIK B ZER . AR SCHE N 8 AT 5 5 1 A 3, R
EMD [0 25 RO R RRVE, 254 T 1GA 1) BP #14
I 2 1) 4 = 4 2= P e B AL A IS S D e B s 1 e Sk
&, ARAL TS5 I TSR IR % T EMD AN 2. AT
$EH 13T EMD SISt ) BP 4014 48 (R AR TE (S 5
Rl sk, A dem TS ML, | AERA SR EH PP
FLCBAE 5, 05 5 s P AR fid e A i S U 7 3, T A
FREF N A T R T S .

S 30k
Nguyen V, Weitnauer MA. UWB impulse radar forwvital
signs sensing—a modeling framework for arbitrary periodic
heart and lung motion. Proc. of IEEE Biomedical Circuits
and Systems Conference (Bi(;CAS). Atlanta, GA, USA.
2015. 1-4. .
Liu LB, Liu ZJ, Xie H, et al. Numerical simulation of UWB
impulse radar vital sign detection at an earthquake disaster
site. Ad Hoc Networks, 2014, (13): 34-41. [doi: 10.1016/].
adhoc.2012.08.006]
Lin CC, Jin P, Ziolkowski RW. Single, dual and tri-band-
notched ultrawideband (UWB) antennas using capacitively
loaded loop (CLL) resonators. IEEE Trans. Antennas and
Propagation’, 2012, 60(1): 102-109. [doi: 10.1109/TAP.2011.
2167947]
LiJ, Liu LB, Zeng ZF, et al. Advanced signal processing for

vital sign extraction with applications in UWB radar

detection of trapped victims in complex environments. IEEE. |

Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, 2014, 7(3): 783-791. [doi: 10.1109/
JSTARS.2013.2259801] 2 | ’

Choi JW, Cho SH. A new multi-human detection algorithm
using an IR-UWB radar system. Proc. of the 3rd International
Conference on Innovative Computing Technology (INTECH).
London, UK. 2013. 467-472.

Schleicher B, Nasr I, Trasser A, et al. IR-UWB radar

222 AR - 5% Software Technique- Algorithm

oo

10

14

16

demonstrator for ultra-fine movement detection and vital-
sign monitoring. IEEE Trans. Microwave Theory and
Techniques, 2013, 61(5): 2076-2085. [doi: 10.1109/TMTT.
2013.2252185]

Huang MC, Liu JJ, Xu WY, et al. A self-calibrating radar
sensor system for measuring vital signs. IEEE Trans.
Biomedical Circuits and Systems, 2016, 10(2): 352—-363.
[doi: 10.1109/TBCAS.2015.2411732]

Gu CZ, Wang GC, Li YR, et al. A hybrid radar-camera
sensing system with phase compensation for random body
movement cancellation in Doppler vi%al sign detection. IEEE
Trans. Microwave Theory and<Fechniques, 2013, 61(12):
4678-4688. [doiy': 10.1409/TMTT.2013.2288226]

Ricci R, Pennacchi P Diagnostics of gear faults based on
EMD and automatic selection of intrinsic mode functions.
Mechanical Systems and Signal Processing, 2011, 25(3):
821-838. [doi: 10.1016/j.ymssp.2010.10.002]

Xu J, Wang Y, Song C. EMD-Based BER Improvement of
TH-PPM UWB Signal in AWGN Channel. International
Conference on Wireless Communications Networking
&Mobile Computing. 2010. 1-3.

Guo ZH, Zhao WG, Lu HY, ef al. Multi-step forecasting for
wind speed using a modified EMD-based artificial neural
network model. Renewable Energy, 2012, 37(1): 241-249.
[doi: 10.1016/j.renene.2011.06.023]

Hsu KT. Using a back propagation network combined with
grey clustering to forecast policyholder decision to purchase
investment-inked insurance. Expert Systems with Applica-
tions, 2011, 38(6): 6736-6747. [&E)i: 10.1016/j.eswa.2010.11.
060] & & = °

{IW F T TR TR S BP S B R R 2
2825 2107k VAL S A, 2013, 30(9): 19-20, 99.
BRR, RUDIE, KR . AL SIE AL BP 28 b0 45 ) Ji i)
ACIE IR TN, 42 ) 5 P 5, 2011, 26(10): 1581-1585.
Mankad KB. The Significance of Genetic Algorithms in
Search, Evolution, Optimization and Hybridization: A Short
Review. Sensors &Actuators B chemical, 2014, 2(3):
193-197.

TRV, % K. 7 A AR AR BB R SRVA R B S 5. 1
FHNLEER, 2012, 35(7): 1522-1538.

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TBCAS.2015.2411732
http://dx.doi.org/10.1109/TMTT.2013.2288226
http://dx.doi.org/10.1016/j.ymssp.2010.10.002
http://dx.doi.org/10.1016/j.renene.2011.06.023
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TBCAS.2015.2411732
http://dx.doi.org/10.1109/TMTT.2013.2288226
http://dx.doi.org/10.1016/j.ymssp.2010.10.002
http://dx.doi.org/10.1016/j.renene.2011.06.023
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1016/j.adhoc.2012.08.006
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/TAP.2011.2167947
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1109/JSTARS.2013.2259801
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TBCAS.2015.2411732
http://dx.doi.org/10.1109/TMTT.2013.2288226
http://dx.doi.org/10.1016/j.ymssp.2010.10.002
http://dx.doi.org/10.1016/j.renene.2011.06.023
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TMTT.2013.2252185
http://dx.doi.org/10.1109/TBCAS.2015.2411732
http://dx.doi.org/10.1109/TMTT.2013.2288226
http://dx.doi.org/10.1016/j.ymssp.2010.10.002
http://dx.doi.org/10.1016/j.renene.2011.06.023
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://dx.doi.org/10.1016/j.eswa.2010.11.060
http://www.c-s-a.org.cn

