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Abstract: One of the most important research fields in Synthetic Aperture Radar (SAR) technology is to
improve the accuracies of the number, location, classification, and other parameters of targets of interest. SAR
information processing can be mainly divided into two tasks: imaging and interpretation. At present, research
efforts on these two tasks are relatively independent. Many algorithms have been developed for SAR imaging
and interpretation, and they have become increasingly complex. However, SAR interpretation has not been
made simpler by improvements in the imaging resolution. The low recognition rate of key targets, in particular,
has yet to be adequately resolved. In this paper, we use a “data driven + intelligence learning” method to
improve the information processing ability of airborne SAR based on SAR imaging & interpretation integration.
First, we analyze the feasibility and main problems of SAR imaging & interpretation integration using a “data

driven + intelligence learning” method. Based on the results, we propose a SAR learning-imaging method
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based on “data driven + intelligence learning” with the goal of producing an imaging network. The proposed

learning-imaging framework, parameter selection method, network training method, and preliminary simulation

results are presented, and the key technical problems to be solved are identified and analyzed.

Key words: Synthetic Aperture Radar (SAR); SAR imaging & interpretation integration; SAR learning-

imaging; Data driven; Deep learning
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Fig. 1 Basic flow chart of SAR information processing at present
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Fig. 2 An flow chart of SAR imaging & interpretation integration from “echo data domain” to “target parameter domain”
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Fig. 5 Comparison of imaging results using unsupervised training, y=1 and SNR=20 dB
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Fig. 6 Comparison of imaging results using unsupervised training, y=0.1 and SNR=5 dB
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Fig. 7 Imaging results under low PRF condition
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Fig. 10 MSTAR target imaging results
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Fig. 11 Imaging results of two different targets in MSTAR dataset

6 L&RIE ok MR b RS AR R A TR . 5% B
PN EXSARIE SN0 . IS S T I0IRTt  BIRAEI0 M, TISARMAZ SSARMEEFIILL 10



120 %Ok

¥k

ERE

AR A ST S S EOX — A S E B R R 2 —. FRESE
MSARG SSARAR R Z M — R AL S, oK)
KBTS AR 2R Gt (1) 5 AR F5 0 b 2R 6 ) AN A BB 3%
Mo ARCMSARBUGIHF —RLAE R, iR
R “HAR RN+ R Re 2= 21 7 T VA SR AL SARXT
H A H AR S EERIRE A R T, TR,
AT, BHEA G ERIEY 52 “ Rk
B 2] “ BARSHE U O RIEFAAEIR K
MEFE, AHA BEAE I B R4S X 28 SR s B [l 5 £ 4w
BB CHPREGE” B, BEECHAMNSAR
fREM L%, KA ESZISAR MG M F 1K1k, I
I, ARSCHRH T —Fh “ BRI+ RS 2] ISAR
MBI, BT I UGHESE . M4 S Huk
U5 RN R 7 1) (4 B 45 3. AR
ASCRTHE 5 T I S0 5 B8 T R4 14
B AE I 5, IAFAE RE B AR TR E T LI AT

(1) SARMLIIAEAY i) 5 A SCHRE H FISARA: 2]
AZHELLIE T SAR 14EMIAEAY, SAR 14Nl
Y B 35 7 AT 26 P SR 00 A AR (1) R - [ = A
Feg s, PR nT DR R B B 4 A5 2
W) 24 (1) A B TR g B 0T, AT L2 R U B2 X 4 2
¥, R IA S 1) & 7 550200 B A% 9 4% 3347 )
Yo BRI TR (1 1) 2 A A R 5 EOUE I HE B 1
YR 2K, HSARBUGIR TR PR ik
ORI 5 FFENLN A B0 Rk, A B g
T-SAR 24 MM B (RIS AR - 3] it ik, B A
FH X 288 48 - MR B[]0 67 17 5 45 (10 [ 9 oo 1) 2.4
SAREMG ML e R o AFXTIX— )i, 18 75 Zidk—
S5 IE T AR ) 2 ) R AG X 2 A6 . X6 N A R B 1 A
i BB T 2 3k 3 DA A e B B I Il A% R A R
I 7

(2) MEgEER IR N 7 7 (R EAT 1% 22 I ) 4%
FEFNSHORL, i 7 idsr A S B 22 I 25 (1) “ AL
HAmE” B, FERHZ 2 A 052 M 2%
HEATHES ST, IX PP L8 SE R IR AR AT 22 ST B 5
B, MRS SO BN B, (HER S
AR NEIR. Bk, e s
e 7 T o ) B 5 5 D) B N s 4, L RAT 2 )
ZHRIEEARATER], R R B S A —

(3) MLl fEMZEINGR T, JEE
WGFE BN GHE A & 3 RS, 4SAREIHE AR
SELF, MEFEECING,  JE B IZR AT DOk BRI R
o S H PR AR S SIS AR B IEAFAE—5E
Wz, HESEKM FSARBIBEIEEIEFER, Wik
IR o5 FH A7 Ry RS DL R 55 Y 2K Il it o
EARTT LUK [ B AT PR AT AN IT /N a2, H%

KAE R RIS R R, RETS R AR PR
PR S A A P 2 () 3 B0, dn ey BR A BB I 2
(Y JEE AR AR AT T PR, A2 M ISR T5 1T, i
TRl AARTCIE R AR 7 57 B T LT P . AR
SESEIRE R, IO FSEI T IR S B IR0
BRI IR o T UM B MR I R b mT s B H
PROG IR AL, A W Lk O 6 R AT RE 98 B AF M 20 K
SARS S R 2%, XLk fa] UAME A 2t — DRI

(4) B HARRAR A S5k 5 A
2 H bR G ) H bRz sl 12sh Z5CRHA.
BEAE RAS G R b TR b BE BEAT A R0Adi i,
T HARIZE S BOWNAERE h S HO R KA, A
WA 5 AR ST 107 19X 2% 3 A e W N0 R g AT 2 >0
WAAE R B IR R, Foi eI ah H AR RS AR
PRl 3 75 B T e A0 8 H AR R IS AR 2 3] B
ML . — R AT IO 5 SR AE AR I A e o
FEINEE T H bR s R 2 24l it R
NATIE, R PRI AWz S5
SIS 83T

(5) UG 45 5 A DI 48 IR R BRI . DR T 52
BT “BEIRa+ RS2 ISARMASR R F—
AL, T BN AR ) 2 R R I 2 B B — D . 7
FUpRRET T, — R BV TR D R BRI 2k
05 B R AR R 2 AN R G A AR 2 R 4 ER TGRSR, AR
W24 HSAREIE, SRR RS BUNIY) A AR
DN E% IO BN B 2 b AR R I 26 L E AR 2
Ko BRULZAh, AT LE— 2 RN Z R f N
SAR K& (¥ Tl Ak LR DL KON H A R4 AL 32 AR
Ko BIAVEGER HFMEAE RS EHL. B RSN
WA, IR N3 S5 R R AL A AR 5 1 2% e L B R4
B Xl H AR5 5 B0 B R E . B 2R X ey
AESRHA SR, W] DASE - AR M 2845 2 60 5 45 € H
PREFIERISARIEG, MR His, 59fei s, 2
BRI IE SRR 2 1 H AR R RE

2 & X

(1] OR%, M, E. FIERESEARM]. st B Tl
1, 2006: 1-6.

BAO Zheng, XING Mengdao, and WANG Tong. Radar
Imaging Technologies[M]. Beijing: Publishing House of
Electronics Industry, 2006: 1-6.

2] HONG Wen, WANG Yanping, TAN Weixian, et al.
Tomographic SAR and circular SAR experiments in
anechoic chamber[C]. The 7th European Conference on
Synthetic Aperture Radar, Friedrichshafen, Germany, 2008:
1-6.

(8] W3, B2V, MW, & B EHISAR =4 R BOR T TERE I [T].
FHILEAR, 2018, 7(6): 633-654. doi: 10.12000/JR18109.


http://dx.doi.org/10.12000/JR18109
http://dx.doi.org/10.12000/JR18109

14

LB UIE ¥

BT BRI+ R )7 A AR TR I 2 R 121

(4]

[5]

(6]

[7]

(8]

(9]

(10]

(11]

HONG Wen, WANG Yanping, LIN Yun, et al. Research
progress on three-dimensional SAR imaging techniques[J].
Journal of Radars, 2018, 7(6): 633-654. doi: 10.12000/
JR18109.

YANG Wei, CHEN Jie, LIU Wei, et al. A modified three-
step algorithm for TOPS and sliding spotlight SAR data
processing[J]. IEEE Transactions on Geoscience and
Remote Sensing, 2017, 55(12): 6910-6921. doi: 10.1109/
TGRS.2017.2735993.

CHEN Siwei, WANG Xuesong, and XIAO Shunping. Urban
damage level mapping based on co-polarization coherence
pattern using multitemporal polarimetric SAR data[J].
IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2018, 11(8): 2657-2667.
doi: 10.1109/JSTARS.2018.2818939.

YANG Jungang, THOMPSON J, HUANG Xiaotao, et al.
Random-frequency SAR imaging based on compressed
sensing[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2013, 51(2): 983-994. doi: 10.1109/TGRS.
2012.2204891.

CHEN Yichang, LI Gang, ZHANG Qun, et al. Motion
compensation for airborne SAR via parametric sparse
representation[J]. IEEE Transactions on Geoscience and
Remote Sensing, 2017, 55(1): 551-562. doi: 10.1109/TGRS.
2016.2611522.

EE, TAEK, KK BERRSARMGE AT BT 5
{5 B4R, 2007, 29(1): 26-29. doi: 10.3724/SP.J.1146.
2005.00398.

TANG Yu, WANG Yanfei, and ZHANG Bingchen. A study
of sliding spotlight SAR imaging mode[J]. Journal of
Electronics & Information Technology, 2007, 29(1): 26-29.
doi: 10.3724/SP.J.1146.2005.00398.

W%, FRT, A, & — MR RRHLTOPS SAR£ LR
ARTTIE (D] T B T RECOR I BB, 2015,
42(1): 42-48, 55. doi: 10.3969/j.issn.1001-2400.2015.01.08.
YANG Jun, LI Zhenyu, SUN Guangcai, et al. Novel full
aperture imaging algorithm for highly squinted TOPS
SAR[J]. Journal of Xidian University: Natural Science,
2015, 42(1): 42-48, 55. doi: 10.3969/j.issn.1001-2400.
2015.01.08.

ZHU Xiaoxiang and BAMLER R. Tomographic SAR
inversion by L;-norm regularization-the compressive sensing
approach[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2010, 48(10): 3839-3846. doi: 10.1109/TGRS.
2010.2048117.

ZHANG Fubo, LIANG Xingdong, WU Yirong, et al. 3D
surface reconstruction of layover areas in continuous terrain
for multi-baseline SAR interferometry using a curve

model[J]. International Journal of Remote Sensing, 2015,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21]

36(8): 2093-2112. doi: 10.1080/01431161.2015.1030042.

TAN Weixian, HUANG Pingping, HAN Kuoye, et al. Array
error calibration methods in downward-looking linear-array
three-dimensional synthetic aperture radar[J]. Journal of
Applied Remote Sensing, 2016, 10(2): 025010. doi:
10.1117/1.jrs.10.025010.

ok, IR TR BB (). FHE SR, 2018,
36(10): 30-44. doi: 10.3981/j.issn.1000-7857.2018.10.004.

XU Feng and JIN Yaqiu. From the emergence of intelligent
science to the research of microwave vision[J]. Science &
Technology Review, 2018, 36(10): 30-44. doi: 10.3981/
j.issn.1000-7857.2018.10.004.

TR, B, 1R, & ARALEEREZERE——WZ
ey BEFIBIROBAL5E [J]. BRIk 544k, 2019, 8(6): 693-709. doi:
10.12000/JR19090.

DING Chibiao, QIU Xiaolan, XU Feng, et al. Synthetic
aperture radar three-dimensional imaging—from TomoSAR
and array InSAR to microwave vision[J]. Journal of Radars,
2019, 8(6): 693-709. doi: 10.12000/JR19090.

LI Gang, XIA Xianggen, XU Jia, et al. A velocity
estimation algorithm of moving targets using single antenna
SAR|[J]. IEEE Transactions on Aerospace and Electronic
Systems, 2009, 45(3): 1052-1062. doi: 10.1109/TAES.
2009.5259182.

YANG Jungang, HUANG Xiaotao, THOMPSON J, et al.
Compressed sensing radar imaging with compensation of
observation position error[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2014, 52(8): 4608-4620.
doi: 10.1109/tgrs.2013.2283054.

CHEN Yichang, ZHANG Qun, YIN Yufu, et al. Estimation
of the velocity of a moving ground target using a SAR
system, based on a modified multiple-measurement vector
model[J]. Remote Sensing Letters, 2017, 8(10): 937-946. doi:
10.1080/2150704X.2017.1339919.

ZHANG Bingchen, HONG Wen, and WU Yirong. Sparse
microwave imaging: Principles and applications[J]. Science
China Information Sciences, 2012, 55(3): 1722-1754. doi:
10.1007/s11432-012-4633-4.

NI Jiacheng, ZHANG Qun, LUO Ying, et al. Compressed
sensing SAR imaging based on centralized sparse
representation[J]. IEEE Sensors Journal, 2018, 18(12):
4920-4932. doi: 10.1109/JSEN.2018.2831921.

NI Jiacheng, ZHANG Qun, YIN Yufu, et al. A novel scan
SAR imaging method for maritime surveillance via Lp
regularization[J]. International Journal of Remote Sensing,
2018, 39(1): 169-190. doi: 10.1080/01431161.2017.1382744.
R, KA, B, % BRSARKGAE SMIEM]. b
AU B R, 2008: 1-7.

JIAO Licheng, ZHANG Xiangrong, HOU Biao, et al.


http://dx.doi.org/10.12000/JR18109
http://dx.doi.org/10.12000/JR18109
http://dx.doi.org/10.12000/JR18109
http://dx.doi.org/10.1109/TGRS.2017.2735993
http://dx.doi.org/10.1109/TGRS.2017.2735993
http://dx.doi.org/10.1109/TGRS.2017.2735993
http://dx.doi.org/10.1109/JSTARS.2018.2818939
http://dx.doi.org/10.1109/JSTARS.2018.2818939
http://dx.doi.org/10.1109/TGRS.2012.2204891
http://dx.doi.org/10.1109/TGRS.2012.2204891
http://dx.doi.org/10.1109/TGRS.2012.2204891
http://dx.doi.org/10.1109/TGRS.2016.2611522
http://dx.doi.org/10.1109/TGRS.2016.2611522
http://dx.doi.org/10.1109/TGRS.2016.2611522
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.1109/TGRS.2010.2048117
http://dx.doi.org/10.1109/TGRS.2010.2048117
http://dx.doi.org/10.1109/TGRS.2010.2048117
http://dx.doi.org/10.1080/01431161.2015.1030042
http://dx.doi.org/10.1080/01431161.2015.1030042
http://dx.doi.org/10.1117/1.jrs.10.025010
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.12000/JR19090
http://dx.doi.org/10.12000/JR19090
http://dx.doi.org/10.12000/JR19090
http://dx.doi.org/10.1109/TAES.2009.5259182
http://dx.doi.org/10.1109/TAES.2009.5259182
http://dx.doi.org/10.1109/TAES.2009.5259182
http://dx.doi.org/10.1109/tgrs.2013.2283054
http://dx.doi.org/10.1109/tgrs.2013.2283054
http://dx.doi.org/10.1080/2150704X.2017.1339919
http://dx.doi.org/10.1007/s11432-012-4633-4
http://dx.doi.org/10.1109/JSEN.2018.2831921
http://dx.doi.org/10.1109/JSEN.2018.2831921
http://dx.doi.org/10.1080/01431161.2017.1382744
http://dx.doi.org/10.1080/01431161.2017.1382744
http://dx.doi.org/10.12000/JR18109
http://dx.doi.org/10.12000/JR18109
http://dx.doi.org/10.12000/JR18109
http://dx.doi.org/10.1109/TGRS.2017.2735993
http://dx.doi.org/10.1109/TGRS.2017.2735993
http://dx.doi.org/10.1109/TGRS.2017.2735993
http://dx.doi.org/10.1109/JSTARS.2018.2818939
http://dx.doi.org/10.1109/JSTARS.2018.2818939
http://dx.doi.org/10.1109/TGRS.2012.2204891
http://dx.doi.org/10.1109/TGRS.2012.2204891
http://dx.doi.org/10.1109/TGRS.2012.2204891
http://dx.doi.org/10.1109/TGRS.2016.2611522
http://dx.doi.org/10.1109/TGRS.2016.2611522
http://dx.doi.org/10.1109/TGRS.2016.2611522
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3724/SP.J.1146.2005.00398
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.3969/j.issn.1001-2400.2015.01.08
http://dx.doi.org/10.1109/TGRS.2010.2048117
http://dx.doi.org/10.1109/TGRS.2010.2048117
http://dx.doi.org/10.1109/TGRS.2010.2048117
http://dx.doi.org/10.1080/01431161.2015.1030042
http://dx.doi.org/10.1080/01431161.2015.1030042
http://dx.doi.org/10.1117/1.jrs.10.025010
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.3981/j.issn.1000-7857.2018.10.004
http://dx.doi.org/10.12000/JR19090
http://dx.doi.org/10.12000/JR19090
http://dx.doi.org/10.12000/JR19090
http://dx.doi.org/10.1109/TAES.2009.5259182
http://dx.doi.org/10.1109/TAES.2009.5259182
http://dx.doi.org/10.1109/TAES.2009.5259182
http://dx.doi.org/10.1109/tgrs.2013.2283054
http://dx.doi.org/10.1109/tgrs.2013.2283054
http://dx.doi.org/10.1080/2150704X.2017.1339919
http://dx.doi.org/10.1007/s11432-012-4633-4
http://dx.doi.org/10.1109/JSEN.2018.2831921
http://dx.doi.org/10.1109/JSEN.2018.2831921
http://dx.doi.org/10.1080/01431161.2017.1382744
http://dx.doi.org/10.1080/01431161.2017.1382744

122

Ej 4 FEoL

(22]

23]

[24]

Intelligent SAR Image Processing and Interpretation[M].
Beijing: Science Press, 2008: 1-7.

FRBME, TEB, IR, BT 2RE-2 R A FISAR K
HARIRAI]. FIESR, 2017, 6(5): 492-502. doi: 10.12000/
JR17078.

ZHANG Xinzheng, TAN Zhiying, and WANG Yijian. SAR
target recognition based on multi-feature multiple
representation classifier fusion[J]. Journal of Radars, 2017,
6(5): 492-502. doi: 10.12000/JR17078.

FR, MY, M, S RES R E PR LR[)). Fi
224, 2018, 7(4): 395-411. doi: 10.12000/JR18040.

WANG Jun, ZHENG Tong, LEI Peng, et al. Study on deep
learning in radar[J]. Journal of Radars, 2018, 7(4): 395-411.
doi: 10.12000/JR18040.

CHANG J H R, LI Chunliang, POCZOS B, et al. One
network to solve them all-solving linear inverse problems
using deep projection models[C]. 2017 IEEE International
Conference on Computer Vision (ICCV), Venice, Italy,
2017: 5888-5897. doi: 10.1109/ICCV.2017.627.

£ & &
% i(1984-), H, WEMMAA, TE
TRRHEES SN RE#ER, Mt
A, T RN EIERE S H
NDViIN
E-mail: luoying2002521@163.com

PBEER(1990-), 5, PRpupi LN, =%
TRERFEE S IAEBE I, 320
FIT NS ARBAE S H AR5 o

E-mail: littlenjc@sina.com

[25]

[26]

[27]

[28]

SHAH V and HEGDE C. Solving linear inverse problems
using GAN priors: An algorithm with provable
guarantees[C|. 2018 IEEE International Conference on
Acoustics, Speech and Signal Processing (ICASSP),
Calgary, Canada, 2018: 4609-4613. doi: 10.1109/ICASSP.
2018.8462233.

ZHANG Kai, ZUO Wangmeng, CHEN Yunjin, et al.
Beyond a Gaussian denoiser: Residual learning of deep CNN
for image denoising[J].
Processing, 2017, 26(7): 3142-3155. doi: 10.1109/TIP.
2017.2662206.

MASON E, YONEL B, and YAZICI Y B. Deep learning for
SAR image formation[C]. SPIE 10201, Algorithms for
Synthetic Aperture Radar Imagery XXIV, Anaheim, USA,
2017. doi: 10.1117/12.2267831.

BORGERDING M, SCHNITER P, and RANGAN S. AMP-

IEEE Transactions on Image

inspired deep networks for sparse linear inverse problems[J].
IEEE Transactions on Signal Processing, 2017, 65(16):
4293-4308. doi: 10.1109/TSP.2017.2708040.

ik BE(1964-), B, BEEHAN, TF
TREKEEES SRR, M4t
S, FEBEHRTTRONTEERES B AR
P

E-mail: zhangqunnus@gmail.com


http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.1109/ICCV.2017.627
http://dx.doi.org/10.1109/ICASSP.2018.8462233
http://dx.doi.org/10.1109/ICASSP.2018.8462233
http://dx.doi.org/10.1109/TIP.2017.2662206
http://dx.doi.org/10.1109/TIP.2017.2662206
http://dx.doi.org/10.1109/TIP.2017.2662206
http://dx.doi.org/10.1117/12.2267831
http://dx.doi.org/10.1109/TSP.2017.2708040
http://dx.doi.org/10.1109/TSP.2017.2708040
http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR17078
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.1109/ICCV.2017.627
http://dx.doi.org/10.1109/ICASSP.2018.8462233
http://dx.doi.org/10.1109/ICASSP.2018.8462233
http://dx.doi.org/10.1109/TIP.2017.2662206
http://dx.doi.org/10.1109/TIP.2017.2662206
http://dx.doi.org/10.1109/TIP.2017.2662206
http://dx.doi.org/10.1117/12.2267831
http://dx.doi.org/10.1109/TSP.2017.2708040
http://dx.doi.org/10.1109/TSP.2017.2708040

