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Abstract: When using the nonlinear Contrast Source Inversion (CSI) algorithm to solve the electromagnetic
inverse scattering problem, each iteration involves finding the differential of the dissolution radiation field data
about the contrast source and the total field, i.e., the Jacobi matrix. the solution of the matrix leads to the
problem of large computational cost and slow convergence speed of the algorithm. in this paper, a Contrast
Source Inversion algorithm based on Stochastic Average Gradient descent (SAG-CSI) is used instead of the
original full gradient alternating Conjugate Gradient algorithm to reconstruct the spatial distribution
information of the dielectric constant of the dielectric target under the CSI framework. the method only needs
to calculate the gradient information of the randomly selected part of the measurement data in the objective
function in each iteration, while the objective function keeps the gradient information of the unscented
measurement data, and the optimal value of the objective function is solved together with the above two parts
of the gradient information. The simulation results show that the proposed method reduces the computational

cost and improves the convergence speed of the algorithm when compared with the traditional CSI method.

Key words: Inverse scattering; Contrast Source Inversion (CSI); Stochastic Average Gradient (SAG)

Vol. 42No. 8
Aug. 2020

1 5|5

FEL R 3 10 R T v R O 2 A 3 B, A
T H R A AR S R, B B AR U2
WA MERE S H, IEAERE EN AT HAR R

PR H M 2019-07-26: Selal HI: 2020-02-22; P4 HIRR: 2020-03-23
EMEVES: AMAM  zhouhuilin@ncu.edu.cn

FHETH: FERERBIES (61561034, 61261010, 41505015)
Foundation Items: The National Natural Science Foundation of
China (61561034, 61261010, 41505015)

EME S S VR, MR B S . oA A
PRSI S, RS U VAT — B R LD
M HR SR N #1837 ) Lippmann-Schwinger 77 2 5
HRRY TR RONIX R T R B AR M DL
AT, FTCAFEC T SRR SRS BEORIHkER

ot HL G U T vk, 38R AT DA R M T vk
ARt J7 k. RN R W HUR 7k R B E
LB Bornft AP 28 P o 10 37 100 S50 A5 55 70 4
WL M R AGARTY, AR 5 iz FH A A 5 o i 1E Ak

(Truncated Singular Value Decomposition,


http://radars.ie.ac.cn/CN/10.11999/JEIT190566

2054 H 7+ 5 & B

e
HE

i 425

TSVD) . TV IE T B B 20 R 1 U A0S 48 7 %
BEAT FL IS IO SR . ARSIt FR RS BN O R
F 2 (A4 752 (Subspace Optimization Method,
SOM)P19, 5 Fb i I 38 (Contrast Source Inversion,
CST)1, 3 1% 4% (Born Tterative Method,
BIM)!"2 Jz A (Distorted Born Iterative Meth-
od, DBIM)!9%

TR, FEREERXIEA
SIIELE T N AR EAIMIS, HAE
F TS5 . H T 52 R R v K 22 B A R
TORAC A, AR T ARG . BEXS R
BRCRH A B S T B A ), BEE T S HLIE RE S A
AT, I RAELMERATTIEAR B2 0.
PR ARITT BT AR S A BT E R AR ELAE
P72 A2 1) 22 ORI 08, B DAE B X3 & 37
AN 5E S Ed g B bR R8Ot
P8 R IE A TT V2R SEIL H FR XA 1 A 4
F o IXEGIRARS AR LN FIR RS T b e B A H A
JURTAR . B MRS HER, HXEkAk
Tk BANAMERBIR. 5T BN R AR AME AT
SHCE JE A R A5 12 A8 ok

CSIU7vim I 5] Axf ELiax — 4 Bh A &, K5
10 I A8 L ERAS OT RE AN TR AR R B, R
HCGMEERMA T L, 528 B F g 5% i .
BITER — PR T, AR UGEAL R T #
R A N ESIE R T RAMERNHEER, B
IR BE 08 AR L 1) B A O R 1 A L B L T 4y
A, AHR AN BN, WSCEEE .

BEXS L), AR SCHE Y — Rl CSTRIBE AL 25 4
J% (Stochastic Average Gradient, SAG)>Ofifb 5
EAHEE B WA T %7 1R i B AL EER  0
BRI E IR E R T RARRNHEER, A
OB TR IR, R THEAR SR

2 EELEEIST B —ARIE)E

% 824 FL R UM UGS R AN L iR . R
B TRE RN, H— BB REET
JEX5) HA S H) H AR XD,  H AR XKD W FR Ay 2
PR [X 35 (Region Of Interesting, ROI). U A1)
32 B DL ECRE BB (m)BIAR RN FETMARALZE T,
BT R — B (1) R SR R AR OR 2 o ) H B B 1
MR AT, LB RED N (5= 1,2, Nj)
Mirg(q= 1,2, Ny), NN I» 375 KGR
EASE AN ] LA

R TR T HAE RV S NG A2 ) ST, 3 A
PR IX DRI 73 B MA HARAH S T T W%, B
WA N AS, RS A% o AL B A,

UKL

PE 1 24 FE R AR AR R

m= (1,2, M), GAWKIFEE N = /A7,
FRERF % s/ P P T L B 8 B, MRS Oy
TR

Ei (rm) = Eine (rm) + GoxEiot (T) (1)
K1 By (1) = (B () ED (7)o, By (1),
B, (1) 31 55 AR 5 0 82 TR 10 LR [X 39084
Y, 5 € (1,2, Nj); Eie (rm)= [Ef;llc (Tm) » E;?c (rm)
e Bt (1)), B (1) 3675 55 R R 55 R 2% BT R
R AR KA, € (1,2, N)), HARNER
M x N, GoMIxZMx M, XX, Hathsgk b
(ITEE AX (mom) = x(rn),  EL24EbR R F bR B 20

ikyma
{JZ Ty (ko) HEY (k[ — ), m #

GD(m3n): jkb'ﬁa

: HY (kpa) |

m=n
2)

HEY (VRO SRR, Jr ()R EE 1K 10 T 3K

WA, k= w(eopo) P TR BN RBE, w, ek

po % S LT PR L 5 AR (94 R RO

SR, qi AE#S bR B, Grlg,m) FIGp(m,n)

Sy H AR X D BB K 28 1A b B 80 H AR

XA P () i b

Horr, O BB E LR IA RN

e(rm) — €o _H,a(rm)

= r _|_ in
co Weo X' (rm) +ix (Tm)

(3)
AN () FIX (10) 53 5 I A X 35l b (56
LU SR A SR S R, § = V=1,
Bl 77 B AR AR
E.. (Tq) = GrxFEo (rm) (4)

X (rm) =



8 1

JERERRSS T BHLT- 5006 B BRI I s 388 10 AR 28 1k 308 O RVt 2055

KH Eea (rq) = [Esrcla (rq) B (Tq) ) E;JZ] (rq)]’ oy
%ﬁ&%ﬁiﬁﬁ%cha (Tq)ﬂEDGRE/‘]j(/J\ﬁ%IJj‘st X Nj
MN, x M, H

2
jkyma
2

GR(q7 m) = )
HO (kzba),

qg=m

(5)
Hig=1,2, Ny, m=1,2,-, M, 75 BRI B
W, 3R(1) 52 (4) P RIXH Bror (r)EI R 1. 7E
G CSI VR, il 51 A e iiw; = xEL A
St A5 B SR T3 AR S 11 A B

> xEl, — w; + xGpw; |®
J
> I XELP
7
> | B, — Gruwj|
J
> ELIP
7

Horh A3 1R R A — LIRS R 2, 5
2T A — A B R 2 . SR CG AR 1
Jr R B AR R B T RS B84y Vo F
MVEaF, H o 18 K s MU H bs R R 15 5
AT B S, T2 ks 7 R S 80 E AN
=, HUWRSOERES . ik, ASCHIRASAGECSI
G5 B 1 77 v 3K gt P 00 5 1 L

3  ETFSAG-CSIHYERRASEET /5 5E

SAGHR —FREF IR R 3505, IR R
J 2 R TR S DR A A . 125
V2% R A J A 3 i i AL B/ R AR AR (0 e ) ok
BB A RREARRIBE A, X BB MEE RS, 5
U R 5 B ORAF A AR AS B B GEACH St . iR
HESAGH T LIS BUR AL R L, 8 75 20 2
3N (1) EERAEHw; (2)RILHE R P Ka;
(B) ML RIT Mlv. BT %7 VE R T CSIHE
R, P RART DU 35 CSTH Y S 1 % 3 S92 5 X
ELIE AT wo

jkpTa
{J b Jl(kba)Hél)(kb\rq—rm\),q;«ém

(6)

H 2
wo = ”LfggsészQGEEm (7)

H HONILEEEE . ARG X H AR R 20T 3k 515 2
BEEEAE, I HLIE 16 FET7 17128 B 3B AR T B L sl
MIWE, E3E/MEE PR H2(6)mT 4l
B A AR EN A, HFReRE X ERIE DL 3
HAEAWT B SRR, AT EAUAIXT LU R AL
SAGTECSTH R RAE W R A& B Bl

BN SBIE Eea : N = (Ns x Nj) x 1, Bl
BEUCIEACIRS DA 2= 80 B K05 i BB A Lty BRS04
i (K<<N), SRJavHSm B R I 2 400 5% -
1% P O ELIRAL R I By, FFEEAT MR AR P B
W, HAR DR B 5¢ T BUIERS 37 HO ok 3B DR 45
EUGERAAE, BARAHKN

. [VEL =i
%:{%w st )
ilix 73 ) 2R 7 A DB 5 5 Tt AT LA BT ) 2 %
MG, Hivie e (1,2, N), FrR ML
B I B R AR S UG AR 1) B AR R AL, 92
51N B & BE R B UGE AR CRAF IR B .
KR (6)FRNARK(8)F, ATTHglr

(GR) P _ Tt = GB Xp-17m1)

TTUSUERE TS v B
k k
| B2 (9)
A, H e TR 2 o T AT
pn = Eyo — Grw, (10)
B RS T B 2, T LA
o = Xn B — 0, (11)

B e R AT ST B B AE 45 DR AN AR O LA
KA, SRS ZATS AR Z Hgn

1L
gn:N;g; (12)

For B SR A AR5 0 U 3 B A O %
FESAGHEEY, MEPKIHERFEEREL, &
WO EL IR 2 K

Wn = Wn—1 — Ongn (13)
AP B an RN FEn UGEAR I R ABK, $3((13)
FAT(6), FFxTHKRT, Bika0y

oF =0 (14)
ax X=Xn

HC(14) TR R P KN

oI EL > ol xn 1 B
k k

_ Pn—1, GrGn vnl,gnxnﬁngn)
-1

I &

| |l Grgn | 9n — Xn—1Gpgn
ik |12 ik ||2
Z || Esca” Z || Xn—lEinc”
k k
B Ja R R Z PR R (13), @ik AW

(15)



2056 m F 5 B B %

42 %

A28 BB IS ACRT BLSRAT S fI0 0 X EE P wn 32 171 5K HY
B AR LB R B xn o BRI U1 7R o
4 SEWERDH

Austriafi A E — i LR 2% BOBUN 1A 45
¥, nE2fR . B HE AN R S 1A B R A
Ao o A AR 02X, B 4y AL T
(—0.3X,0.6\) F1(0.3X,0.6)) . A~ i 5 ¥F 1) 1 42 K
0.3\, 4MFH0.6A, FE AT (0X,0.2)), AR
FEXS A B O 2,18 S B BN, FEA A,
IR, 16 R 32 OR 26 o A T R0
SRR E R E, #4283 m, TIEHEN
400 MHz. £ H [ B2 5K AR 55 3 0 ai R L A v
iz FIMOM(Method Of Moments) {7 ¥4 H A5 [X
SR BT R Y100 X 1004 A%, 3SR F AN [F 9 4%
T IE ) MR, T DA 08 i s 38 B T B AR AE 1Y
HiRBEAT A IE, SR SR R R 1 L .

TE R ) A58 rh 7 AR B U £ s DA 22 e s i B 46
FEZHIE e TR, KANNN x Njo 8 7L
S35 B AF A BRI B AR, R AN B e i e
nINJGEE PR ZY, RS HEZ +n, HT
S . e K Fen] LR N

e=([[nlle/ [| Z[lr x 100%) (20)
Horp||-[[p# 7R FrobeniusVu U5 P . {5 B ELSNR AT LA
oA

SNR = 201g (i) (21)

PR BUHATE2x 2 mit) B AR X E N, b U
i BARfGr BRI B HOR R, B is FICSTY
SAG-CSI X B bR X AT S E M . E3F0
K5 g g5 8, 46 52 is I CSISSAG-
CSIfI PR 51765 dB, 10 dB520 dBAAS [F]45 1
LR H bR e B R SUE s fEE R N0 dB

%=1 SAG-CSIE %

e XTECUEWIE: wo,
B HE: Bsea,
MWEHHEZRS]: i€ (1,2, N),
BEAUMEREAE R S]: dk € (1,2, N).

it 24 E AR R Bk BB R ZEHSBUR KIERUE Niterl T, Fir X LR Xn

(1) HERHMEHGD, Gr
(2) XFELEE R EHIE X0 = 0,
(3) HTHI AR T S5 B0 LRI

H G{{ESCHIIQ
| GrGAR B |?

wo =
(4) n <= O(ni%ARUE)
(5) while Fr. (wn) < d8n < Niter do

Gl Euca (FH3LHIHE) (16)

BB 1 RRCERBENLEC 4R % 5] i, = randperm (i)

B 2 A5 R LRI T B R IR AT B RS L (H R oy, Yo Rn — 14 BB B L O 5 B0 1 Mt R 2 A7 i
72 AR EUGEARERAE X LU E R %)

glk — _ (G;k>Hf_]fzk;1 _ 7;E1_GL€IX7L717;’€71)
DI EEIP Dol xn—1 B
k k

HHR 3 XA HCR S 5O A A o R B B A AT TR LA 7 K8 X8 57 OB 3 A8 (3 Vo, B2 B L R 37 5
P LE B BR R K S o0k ORI TE Wi BRI AE, ¢ R R ARZ B S BB X SRR EAE, Gn—1 2R T BUR3 500 46 bR R K Ao 1
HERE)

(FNEIL) (17)

G =8n 1~ 95 1+ Vu, F} (18)
BT R A0 R 0 P8 L G SRRV 80780 H 24 B AR 1 8 B g, B9 287 11 S
S 4 BRI AR T R (15) BT RAF 08 25K AT S S 10 B9 (L R AR AR TR B Jwn—1): wn = w1 —atngin
Sk 5 EHAHOE: EL = Bl ' — 0anGpgn
I 6 [ ELIEIE A A R A S AT
> wn (B
xnzj%EQEgFwﬁﬁ%mxﬁmmﬁ¢mm¢ﬁ) (19)
YT n=n+1 K
(6) end
(7) X = Xn




8 1

JERERRSS T BHLT- 5006 B BRI I s 388 10 AR 28 1k 308 O RVt

2057

1.0
0.8
0.6
0.4
(]2

y (m)

0. 2
-0.4
-0.6
-0.8
-1.0

1.0
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8
-1.0

y (m)

1.0 -0.6 0.4

Z 111

0.2 06

4 2 AustriaBii A

-1.0 -0.6 -04 0.2 06 1.0
x (m)

3 SNR 10 dB ISAG-CSIFI R4 45 3

CSI-SAG.5 dB
~CSLSAG.10 dB
CSI-SAG.20 dB
-~ CSL.10 dB
-=- (51120 dB

2.0
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0

2.0
1.8
1.6
1.4
1.2
1.0

0 50 100 150 200 250 300 350 400
AU
B 4 AR IR LR PIRT TR I H AT B £

-1.0 -0.6 -04 02 06 1.0

x (m

)

& 5 SNRAN10 dB i CSIHI R 45 5

iF, CSI5SAG-CSIFE30x 301 /& b i) BAk %
GEUL T AN [ R O b B = H bR R BRI

SICE BL RS LA o

i K 4m] &,

FERAFRBEARE, S A5 R s

2.0

mm&mi';ﬁmum

ERINE A

0 50 100 150 200 250 300 350 400
IEARIREL
6 SAG-CSTH A [T 37 b 2 1) F b ek £

ol — AL BAGHE A BB oL, ) — &
BRI H o R 3R 2 B A 135 R L RO 38 KT s/ - 58
WS R LK, H A e SGd B R . TR T[] — 15
WELL N, SAG-CSIHIHbre& £ & /N FCSI. K4
SAG-CSTAHEL T CSTFERE B2 (35 AX B B i) iz HI BEAL
S S S O S B AT WL, P AT SEARAY
BEAR, HARR B SR 2R . ATELE 1, fE15
M LE /N (BI MR P R BB O T, X — L5 SE N &
A LA BIE R —E ML (10 dB) RI1H O T B A4 0 A
BAGHL, EREREW E AT XL, 7R AR ROCR AR EE A
HIEOL T, SAG-CSIHITHEACH SE AN, WS & 5
o BTEASAG-CSIT5 2 Ho A% 4 1) CSIT - AE [ 45 1k
AT EA S
FESAG-CSTrik, i BE MLt HUA [7] (¥ Bl
Sy AT B T b e BT A AR —E
M, b, BEAT T AR R H 0 B S i sk
By, JF BB WA b H b ok B A R B 2
I ZESR, HEATBED Y. B 6w LUK IAR
(TR 3 B B USSR B B A S, RS Rt
BRI, SRR, JEHAE SRR KN 100
ORI, il A BN B R/ 1670 H b e 2B W
KT HAFHE R . HEEEEARENEZ,
ANFIREA R 18] H Ar e B ZE BRGNS AN
Hm By, DOVBFEIGRENEZ, 15
B BWE K. HEIRRERIE—ER, HirRELF
ARAARN . IR I AR 2 s, A
BEESARENEZ, R SERE, e
ZALRET ST . T H 6] LUE Y, RIS E
IE—EUHIN, AR BOF A B 4k SHE A K
AARKARA o (A S ) P T SR R T
NGB A E B AR . i e HT D IS AR
Hogtaeis 20 H AR B2 A8, maere —ERE L

Pl TSR . BTG RA,  BEATL Al E R R
NS EmMﬁ PTG B 45 R 5 A H A 2 [R]

FIPEAT e . AN, 280 R e Al T b
M%ﬁﬁﬁﬁﬁ MNMEFRERIKT . BTl fESAG



2058 B 7 5 F

2 % %426

YRR U — i e &, JF HEBn
M B RE N I — AR BRI AR e
5 £

AR HISAG-CSITT LR AECSIHHESR T,

2 FHSAGHITF X RR FEBEAT BEA LI RE SE08T, AU IR

AHISLHERRRE N %, AR SER R H . R

MO8 45 R W], RS FEAH B s L T

SAG-CSIAH L T St (1) CSTRE W% 51 i 1 PRI 1 504K

i, RS EVER SR T .

2 % XM

[1] LI Lianlin, WANG Longgang, DING Jun, et al. A
probabilistic model for the nonlinear electromagnetic inverse
scattering: TM case[J]. IEEE Transactions on Antennas and
Propagation, 2017, 65(11): 5984-5991. doi: 10.1109/
TAP.2017.2751654.

[2]  KIM S B, VAN ZYL J J, JOHNSON J T, et al. Surface soil
moisture retrieval using the l-band synthetic aperture radar
onboard the Soil Moisture Active-Passive satellite and
evaluation at core validation sites[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2017, 55(4): 1897-1914.
doi: 10.1109/TGRS.2016.2631126.

[3] WANG Longgang, Li Lianlin, DING Jun, et al. A fast
patches-based imaging algorithm for 3-D multistatic
imaging[J]. IEEE Geoscience and Remote Sensing Letters,
2017, 14(6): 941-945. doi: 10.1109/LGRS.2017.2688461.

[4] VAN DEN BERG P M and KLEINMAN R E. A contrast
source inversion method[J]. Inverse Problems, 1997, 13(6):
1607. doi: 10.1088/0266-5611/13/6/013.

[5] POLI L, OLIVERI G, and MASSA A. Microwave imaging
within the first-order Born approximation by means of the
contrast-field Bayesian compressive sensing[J]. IEEE
Transactions on Antennas and Propagation, 2012, 60(6):
2865-2879. doi: 10.1109/TAP.2012.2194676.

[6] SHEA J D, VAN VEEN B D, and HAGNESS S C. A
TSVD analysis of microwave inverse scattering for breast
imaging[J]. IEEE Transactions on Biomedical Engineering,
2012, 59(4): 936-945. doi: 10.1109/TBME.2011.2176727.

[7]  OLIVERI G, ANSELMI N, and MASSA A. Compressive
sensing imaging of non-sparse 2D scatterers by a total-
variation approach within the Born approximation[J]. IEEE
Transactions on Antennas and Propagation, 2014, 62(10):
5157-5170. doi: 10.1109/TAP.2014.2344673.

[8] BEVACQUA M T, CROCCO L, DI DONATO L, et al
Non-linear inverse scattering via sparsity regularized
contrast source inversion[J|. IEEE Transactions on
Computational Imaging, 2017, 3(2): 296-304. doi: 10.1109/
TCI.2017.2675708.

[9] CHEN Xudong. Subspace-based optimization method for
solving inverse-scattering problems[J]. IEEE Transactions
on Geoscience and Remote Sensing, 2010, 48(1): 42—49. doi:
10.1109/TGRS.2009.2025122.

(10] JEMEMR, ARWE, SoAh &, 55 BT HESRAERN 7 MR A%

112 Bt B i A U BT )], TS E R AR, 2017,
39(3): 758-762. doi: 10.11999/JEIT160534.
ZHOU Huilin, ZHENG Linghui, MO Zhongnian, et al.
DSM-SOM based hybrid inverse scattering method for
multiple dielectric objects reconstruction[J]. Journal of
Electronics & Information Technology, 2017, 39(3):
758-762. doi: 10.11999/JEIT160534.

[11] SONG Xiaogian, LI Maokun, YANG Fan, et al. Feasibility
study of acoustic imaging for human thorax using an
acoustic contrast source inversion algorithm[J]. The Journal
of the Acoustical Society of America, 2018, 144(5):
2782-2792. doi: 10.1121/1.5078590.

[12] GUO Lei and ABBOSH A M. Microwave imaging of
nonsparse domains using Born iterative method with
wavelet transform and block sparse Bayesian learning[J].
IEEE Transactions on Antennas and Propagation, 2015,
63(11): 4877-4888. doi: 10.1109/TAP.2015.2473000.

[13] YE Xiuzhu and CHEN Xudong. Subspace-based distorted-
Born iterative method for solving inverse scattering
problems[J]. IEEE Transactions on Antennas and
Propagation, 2017, 65(12): 7224-7232. doi: 10.1109/TAP.
2017.2766658.

(14] ABUBAKAR A, VAN DEN BERG P M, and KOOIJ B J.
A conjugate gradient contrast source technique for 3D
profile inversion[J]. IEICE Transactions on Electronics,
2000, E83-C(12): 1864-1874.

(15] SCHMIDT M, LE ROUX N, and BACH F. Minimizing
finite sums with the stochastic average gradient[J].
Mathematical Programming, 2017, 162(1/2): 83-112. doi:
10.1007/s10107-016-1030-6.

(16] DOGNIN P and GOEL V. Combining stochastic average
gradient and hessian-free optimization for sequence training
of deep neural networks[C]. 2013 IEEE Workshop on
Automatic Speech Recognition and Understanding.

Olomouc: IEEE, 2013: 321-325.

JaRER: B, 19794EE, R, BHRTTIRONE TN E ISR ik
(EREE SN

BRBESE: 5, 19964E4:, MidAz, WEFLTT A o 6 i 4R H o i
B, N AR TTIERT L.

X 53, 199554, Ridedr, BFFUTT A D TR 5 R A R
B, WHUN G ITEDTIL.

SAES: bt 2


http://dx.doi.org/10.1109/TAP.2017.2751654
http://dx.doi.org/10.1109/TAP.2017.2751654
http://dx.doi.org/10.1109/TAP.2017.2751654
http://dx.doi.org/10.1109/TGRS.2016.2631126
http://dx.doi.org/10.1109/TGRS.2016.2631126
http://dx.doi.org/10.1109/LGRS.2017.2688461
http://dx.doi.org/10.1109/LGRS.2017.2688461
http://dx.doi.org/10.1088/0266-5611/13/6/013
http://dx.doi.org/10.1088/0266-5611/13/6/013
http://dx.doi.org/10.1109/TAP.2012.2194676
http://dx.doi.org/10.1109/TAP.2012.2194676
http://dx.doi.org/10.1109/TBME.2011.2176727
http://dx.doi.org/10.1109/TBME.2011.2176727
http://dx.doi.org/10.1109/TAP.2014.2344673
http://dx.doi.org/10.1109/TAP.2014.2344673
http://dx.doi.org/10.1109/TCI.2017.2675708
http://dx.doi.org/10.1109/TCI.2017.2675708
http://dx.doi.org/10.1109/TCI.2017.2675708
http://dx.doi.org/10.1109/TGRS.2009.2025122
http://dx.doi.org/10.11999/JEIT160534
http://dx.doi.org/10.11999/JEIT160534
http://dx.doi.org/10.11999/JEIT160534
http://dx.doi.org/10.1121/1.5078590
http://dx.doi.org/10.1121/1.5078590
http://dx.doi.org/10.1109/TAP.2015.2473000
http://dx.doi.org/10.1109/TAP.2015.2473000
http://dx.doi.org/10.1109/TAP.2017.2766658
http://dx.doi.org/10.1109/TAP.2017.2766658
http://dx.doi.org/10.1109/TAP.2017.2766658
http://dx.doi.org/10.1007/s10107-016-1030-6
http://dx.doi.org/10.1109/TAP.2017.2751654
http://dx.doi.org/10.1109/TAP.2017.2751654
http://dx.doi.org/10.1109/TAP.2017.2751654
http://dx.doi.org/10.1109/TGRS.2016.2631126
http://dx.doi.org/10.1109/TGRS.2016.2631126
http://dx.doi.org/10.1109/LGRS.2017.2688461
http://dx.doi.org/10.1109/LGRS.2017.2688461
http://dx.doi.org/10.1088/0266-5611/13/6/013
http://dx.doi.org/10.1088/0266-5611/13/6/013
http://dx.doi.org/10.1109/TAP.2012.2194676
http://dx.doi.org/10.1109/TAP.2012.2194676
http://dx.doi.org/10.1109/TBME.2011.2176727
http://dx.doi.org/10.1109/TBME.2011.2176727
http://dx.doi.org/10.1109/TAP.2014.2344673
http://dx.doi.org/10.1109/TAP.2014.2344673
http://dx.doi.org/10.1109/TCI.2017.2675708
http://dx.doi.org/10.1109/TCI.2017.2675708
http://dx.doi.org/10.1109/TCI.2017.2675708
http://dx.doi.org/10.1109/TGRS.2009.2025122
http://dx.doi.org/10.11999/JEIT160534
http://dx.doi.org/10.11999/JEIT160534
http://dx.doi.org/10.11999/JEIT160534
http://dx.doi.org/10.1121/1.5078590
http://dx.doi.org/10.1121/1.5078590
http://dx.doi.org/10.1109/TAP.2015.2473000
http://dx.doi.org/10.1109/TAP.2015.2473000
http://dx.doi.org/10.1109/TAP.2017.2766658
http://dx.doi.org/10.1109/TAP.2017.2766658
http://dx.doi.org/10.1109/TAP.2017.2766658
http://dx.doi.org/10.1007/s10107-016-1030-6

