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Abstract: Mounted on satellites or spaceborne platforms, spaceborne synthetic aperture radar (SAR) utilizes transmitted
signals to capture detailed surface information, irrespective of the time of day or weather conditions. The combination of all-
weather, all-time operational capacity and deep penetration into the atmosphere makes spaceborne SAR an indispensable
tool for a broad spectrum of applications, including military reconnaissance, environmental monitoring, disaster manage-
ment, and resource management. The signals from spaceborne SAR involve echo acquisition, imaging processing, and
image applications. This paper focuses on the data link of spaceborne SAR and comprehensively analyzes the current state
of development, cutting-edge trends, and pressing issues in the field of spaceborne SAR. It begins by reviewing the current

state of spaceborne SAR systems, with an emphasis on the development of SAR platforms and the datasets they produce. A
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comparative analysis of the key parameters of domestic and international spaceborne SAR systems is presented, highlight-
ing the technological capabilities, operational constraints, and strategic goals behind these systems. Notable parameters
include the system’ s frequency bands, spatial resolution, polarization modes, and swath width, which all influence the
potential applications and limitations of the data generated. Recent advances in spaceborne SAR imaging technology have
significantly expanded the capabilities of these systems. One of the most prominent innovations is multidimensional obser-
vation, which allows SAR systems to acquire data from multiple viewpoints or angles within a single acquisition cycle. It
involves several key innovations, including multiband, multipolarity, and double/multiple base cooperative detection, all
of which contribute to enhanced imaging and a more comprehensive understanding of the observed area. Each of these com-
ponents offers unique advantages that complement each other in providing more detailed, accurate, and varied insights into
the Earth’ s surface. Multiband SAR refers to the use of different frequency bands in a single SAR system or through the
combination of different systems operating in different bands. The use of multiple frequency bands allows for the capture of
complementary information about the target area. Multipolarity refers to the use of multiple polarization modes in SAR sys-
tems, where the transmitted and received radar waves are polarized in different orientations. This approach significantly
enhances the ability to distinguish between different surface types and materials based on their interaction with polarized
electromagnetic waves. Double or multiple base cooperative detection refers to the integration of data from multiple SAR
platforms or sensor locations, operating cooperatively to observe the same area from different angles or baselines. By lever-
aging multiple sensors operating in different locations or with different baselines, multibase cooperative detection enhances
the depth and precision of SAR observations, providing richer datasets for change detection and surface movement analy-
sis. Another critical advancement is the development of high-resolution wide-swath imaging, which involves multichannel
technique, varied pulse repetition frequency, and MIMO SAR. The multichannel technique involves the use of multiple
receiving channels within the SAR system, allowing for simultaneous reception of signals from different parts of the radar
beam. By utilizing multiple channels, SAR systems can cover a larger area with greater detail, as the signals from various
channels are processed in parallel. The varied pulse repetition frequency is a technique used to adjust the interval between
successive radar pulses based on the specific operational requirements of the SAR system. By dynamically changing the
pulse repetition rate, the system can optimize the trade-off between resolution and coverage, depending on the target’s dis-
tance from the radar and the desired imaging resolution. MIMO SAR represents a groundbreaking innovation in radar tech-
nology that employs multiple transmitting and receiving antennas simultaneously. By using a combination of multiple input
and output signals, MIMO SAR enhances the radar system’s ability to gather detailed information from a large area while
maintaining high resolution. This technique allows for the simultaneous acquisition of data from different angles, which
improves the swath width and imagery resolution. The increasing volume, complexity, and diversity of data produced by
spaceborne SAR systems have created a demand for advanced processing and analytical techniques capable of handling
large datasets and extracting meaningful insights efficiently. Traditional image processing methods, which often rely on
manual intervention and domain expertise, have limitations in terms of speed, scalability, and adaptability. By contrast,
intelligent processing leveraging machine learning (ML) and deep learning (DL) has revolutionized SAR data analysis,
enabling automated, accurate, and scalable solutions for various applications, including classification, target detection,
change detection, and anomaly detection. These intelligent techniques enhance SAR systems by improving their data inter-
pretation capabilities, reducing the reliance on manual processes and enabling real-time data analysis. Common ML meth-
ods include support vector machine, Markov random field, dictionary learning, decision trees, and unsupervised cluster-
ing. Compared to traditional image processing techniques, ML methods offer significant advantages in rapidly selecting
from large volumes of known information. These advantages include fewer hyperparameters, high processing efficiency,
and strong adaptability, making ML methods particularly suitable for tasks that involve complex data analysis and real-time
decision making. DL is an advanced artificial intelligence approach characterized by its ability to learn effective features
from large datasets in a hierarchical manner, significantly reducing the complexity and error associated with manual feature
extraction. Common DL architectures include convolutional neural networks, deep belief networks, stacked autoencoders,
and transformer networks. DIL-based image data processing methods, through the stacking of multiple layers of neural net-

works, can automatically extract more abstract and higher-level target features directly from raw data, thereby enhancing
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the overall accuracy of prediction and recognition tasks. Over the past decades, significant progress has been made in

spaceborne SAR technology, with notable developments in several key areas. These include the advancement of

constellation-based SAR and lightweight SAR systems, high-resolution and wide-swath imaging, multipolarization and arbi-

trary frequency band imaging, intelligent data processing, and the application of interferometric SAR (InSAR) and differ-

ential InSAR for complex scene analysis. However, several challenges persist, including the control of attitude and orbit

errors, the transmission and storage of massive data volumes, target interpretation in complex scenes, and susceptibility to

electromagnetic interference and external noise. These issues continue to pose significant obstacles to the further advance-

ment and operational deployment of spaceborne SAR systems, necessitating ongoing research and technological innovation

to address them.
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Table 1 Parameters of SAR satellites in constellations
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Table 2 Parameters of foreign SAR satellites
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Table 3 Parameters of domestic SAR satellites
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Table 4 Spaceborne SAR datasets
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PRGN . H AT o T8 R SR R B . 2
2 K b E A R N £ & 2 0K (multiple-input
multiple-output, MIMO N

fE4ESAR

ot
m' 4
g
—
©
)
]

/2 1
B2 RS SAR [ 151 43 S DE A 1) % Jre i

Fig. 2 The evolution of the traditional SAR system to
the high-resolution and wide-swath SAR system

2.2.1 ZEEHAR

ESURECPAN % SiEuR: -yl IR W R DAL EIES
ERTIBIER eI U AR TR ) S SR e X FR= b
Ty Wi A e B 28 SAR TE 8 43 R 5 R 22 18] 04 F s o
Z2 18 18 SAR $AR ] LAE— 243 2 J5 vz 1] 22 38 38
HIR A 18] 2238 15

T3 2238 38 ARG AR L 0 22 AT L3O B
AH A HR 0 T L 22 7 R (single phase center multiple
azimuth beams , SPC-MAB) ( Currie I Brown, 1992) #1
i A A7 H 0 5 7 2 % 5 (displaced phase centers
multiple azimuth beams, DPC-MAB) (Krieger =
2004 ; Zhao 55 ,2015) : SPC-MAB 7 % 5 3 1T J5 {37 [11]
PR o3 FLAR R Bt —A> S8 Wl o L S T3 A6 1] 75 0
TE M ) A LA WA RT3, 3 e %o A ) 3 1
TN A AN R4 1] B 5 [0, %o ok o e 52 4 4
(pulse repetition frequency , PRF) fe/IMEL [ R il B A%
AT Z W AT 00, TR T 5 AR AEA 58
R 5 AL 1w RT3 5 [0 38 AT ARURS AP HEAR- B, i
IS A SR . AR AR T LRI R
[ AH R, BAT R A 5 LA , 28 & i
W s DPC-MAB [R)FE R I 98 ™ 1 77 LA FRAT J5 (o2 1)
¥ 5 43 B %, X)) T SPC-MAB, DPC-MAB 7£ #2253t
5 L ) 5 S HEAG 2 A HOR 2R R T RS R
F AR A B 2 AT AR BLIRAY) PRF TR
SR AT P = S N TR0 il P AN [T
PRI, B2 SAR R GEAF 18 HY 45 $ A0 ia i W] e A
M 22 T BE S5 R DPC-MAB R 5 i ASm P A
J SR SO AR

A LT 55 L SPC-MAB il DPC-MAB A i |34 2
233 (] SR 40 B[] SR A, S8 77 67 1 4 B 0 5 1)
22y BER X PRI T A B 7 i, LA S35 43 e o
H AT, 30 o 22 30 18 5 90 5 40 B R A HOR 2 280 A
VFZ B SAR RGih, FESHUNEK SR,

k5 ZBETHRRERSARRESH
Table 5 Parameters of multi-channel high-resolution and
wide-swath spaceborne SAR
WE rfhigy g
BE  HE¥m W9 km

PE Hx  Fh

RadarSat-2 ek 2007 2 3 20
TerraSAR-X fE 2007 2 0.25 4

ALOS-2 HA 2014 2 1 25
GF-3 E 2016 2 5 120

DR 22 38 1 £ AR (Younis 45, 2003 ) L% 7 9 3
T (digital beam forming, DBF) £ A by FE it 38 1
X AURAR S ST BOR R AR AR AL, R R
I BRI o, by 5 i A 5 SAR Al Ay e s £ L4
ARICHFF o FA 6] DBF 2R 48R I8 % 2 M0 AR A
2, TERE R o) b R S 9 0k TR A S B A I 22247 9
J&  FE O HEAT & 20N T R i S
2 R 5 R 2 A T2z AT AT LA A% =i 9 PREF
S TEM 2t el . Tl IE R S 2RI
5RAE  IFAEECF B0 o DBF HARKAE S A0 T 2
T, A A AR i 1 A AR R, R T R
R AR RE (B =3 45, 2020)

GRTIT, b TR 1] 7 PR E SR AR H X, B
F2 05 W UG AN S, B 03k — [R] L, & H A2 ik o i
SRR 73 SEMR AL A (Luo 25 ,2014)
2.2.2 ZERkhEER

Staggered SAR J&— A% ik i 2 52 1 5 1) i A4k
SAR(Villano 2§ ,2017) , FII FIA AL PRF 3 B X (1)
{7 B TG SR # 3l , TS B DX HUTE B A4S iR
NI E P BRSO T RE . IR S
REAT ) 22 0 ARG &, AT DAZEAS BR0AR 43 3 11 i 42
ES VN Fpa o9y

MRS S50 PRF AR X T 2238 81 9 i ok SRR3R
Staggered SAR 7] LA 43 i itf >R A ¢ Staggered SAR
(high oversampling rate staggered SAR, HS-SAR) #/l
i 3 2R #f K Staggered SAR (low oversampling rate
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staggered SAR, LS-SAR) PiFfiZE#Y . HS-SAR 93 %
FEZ Y0 2. 3~3. 5(Gebert 1 Krieger, 2010; Villano
85,2013) M T 5 6 1] e i SR, O S A TR S
BRI . ML HS-SAR £ 48 2 1% F DLR B &
i) Tandem-L & 4t (Moreira 2%, 2015) , &2 —Ff TAE
T L B A Ak XUIE 2 28 SAR, 2R I £ 8 3 7
T L MR B A R 5, HE R AR 5 IO A ot 1
B, R BE A A ORI 31 R A7 R, A T S 9 7 A S
o AR . AR B R A SR AR SR 4 1 R R TR I
Bl A A TEREF B A A AL i e
P A . I, BESE ] AR S LS-SAR R 48 .
LS-SAR 1y i 2R #£ & — & 4 1. 1~1.5 (Wang Fl
Wang, 2016) , AAXREAR T 508 776 AL g A |, i
AT DAAR G b fife ok HS-SAR A9 B B4 ) T, {H LS-
SAR 1€ 7 [l A3 TR 285 1 [ i, S5 315 45 SR b
FEAE 5 1) 7 (AR, 3 e H AT LS-SAR 5% 1 20
Ji)
2.2.3 MIMO £k £k

MIMO SAR i i & 5 Z A0 | [Al f 3li 24
[0, ST [ EE  SERIOH A o B35 (Krieger
8F,2008) , B TSRO L A RAE R I T A )
RROR , 70+ T 10 5 0 5 s P ) 190 [ 0L L B 2 Bl A
MR LI SAR R G AR

HR 4l 22 A~ W ke R 2 (8] 1) o B AT JRy &R
MIMO SAR A DA 43 2k 5 28 = A 43 A =00 28 (i A
Stoica,2009) . AN 3 7R , B g2 MIMO SAR 945
RGN T A —2 3V G s M B , gl S8 AH T
S S5, R A8 T () £ 5 8 i R S T LA {6 b i ok
F T AL IS IR R A TR AR o 4341 2 MIMO SAR 45
Wk R Z RIRIFEAK , #4555 Z A G, [
Wb A% 38 3B H b 1] 38 () B 5 2 R ARAIR , RB A 4R 15
23 (Al AE G 25, A R Al E bR 7R 5 O R AR L 32
i IR AE HARG I S8k 45 D7 i Re ) .

Y R — Tl 0 BAZAAR ], MIMO SAR 34 I Il 177
2 RHER AR MBI Fr 280, Horh e sz 58 3 F ALY
SEIERZ W E R S B8R . R &GP
fIE,MIMO SAR A/ A LA T 328 DI EH. £K
5P PR TTAE 25 Wk i TR VR D) 48 2 S, P s T 9 052 46 B
25 [ GEUR W AL ik T SAR R4
(Cloude A1 Papathanassiou, 1998) A1 ANRTINO T il
=4 1% 255 (Klare 25 ,2006) , & —Fl A F AR 52
TR B AE A P TE T 1 (BAFAE 22385 B AR Fl

P AR TG 1k [] P 410 ol Ay 1) 825 2) Bty . 4%k
ST S AR T B, H2 SO AT 308 7 3 U IR A O3
BT I T R S I o R e
FGAN-FHR JF % 9 Hl # PAMIR & 4t (Ender il
Brenner, 2003) , {H A7 7E R G 45 O A MR A R
(Y IR) L 5 3) T 43 5 ] o 3E 3 % K S5 5 AR A G )
{17545 [l 30l 7 2238 W A sl 8 AR, B R T 0 I8 0 2
PP o3 B LB S A, BT SE B R,
A ES AL, L AE TerraSAR-X b B R 647 32 46 6 F
(Bordoni 5,2014) .

(a) 34, MIMO SAR (b) %X, MIMO SAR

3 MIMO SAR 3 2/R &
Fig. 3 MIMO SAR classification
((a) distributed MIMO SAR; (b) compact MIMO SAR)

3 HaeBiELERE

B & 2k SAR RGBT & R, SAR BG4 HE
RN B, SAR MR B B2 IRt okt 2 & . Bl
B R RE DL KON 7 SRAS W 2%, X B Ak
SR EL PR EE £ 9 A5 S8 SAR Bid b BE )y vk R T
fe 4y FRASE A 2 T AR AR R e 96 s 5l A P 2
B O i g = | W R | D/ NI R = RN 2 il
J'& , SAR PG EE i b 5 12 A5 45 3 I8 REAL e
PR FNEE AL, SEL T MR K o) 1) 4% G Ak 35 1 3
KSR BIR 3 O e b B vk B R 18 SAR PS5
i b B B AR AR AT 5 BT A AL T SAR
PGB0 ) 1o FHALRE

B3R SAR FEUS B A AL S SAR BUZ 3 58
AlLA AL X BARAREIN A2 R R RS
BOE A (5 BAR I T b AL B R Al W 5 R A
Ao BUA B BERE A R 7 3% AT LA FE 2 A SAR
PG BB AE , X SAR PR 2E T 2 A R A 4 1
FIRE A Ah B, AR 545 ABILAS 7 T RN 2 20 W 7 T
o R R B BE AR b B 7 VA AE SAR B HE b B 45
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S R R IR
3.1 #EE=E3

B2 2 FIE AR AR 22, L N7 1) AF DG ASE 7Y
TERC bl B B0 0 FT A e, o DL AL g2 >
J7 15 AL 5 57 FF 9] 3 ML (support vector machine,
SVM) . 5 /R 7] R Bf #1 3% (Markov random field,
MRF) 7 #2% >] (dictionary learning) , J& 56 # (deci-
sion tree) FITC W B SR AE T s . AR ARG IS
AbFRTTVE  BLAS A% 2 J L RE S X R 1 2 NE B
o e, A 280D b FIACR & E 3
EPAEEYIOE e

SVM & —Fh B T ge it > Bl iy Ml 2~ 7
25, a1 B 7 VAR s DI Y i
2% (] B S5 381 i 24 52 (%) AR 0 225 [, 3 1T A o 4 25 [
FRARF] AR L T . SVM AT LUR Ze A
AL 53 [ A SR 2P AT 73 1Y 1) B2, 76 SAR BIE H bk
I3 I AT B 2 N, o AR 1 R
HRSAR UG Y 43 28 AE 0] BT, B Jo B RRAE 2R 47 3% 45
A IO B AL S8 IS HUA T, AR5 ] SVM
FEAT U R ARAT 3 28 AR ALY, 0F 7 A 3 A It i &1
K4 o A USRIy SRR AE 9 SVM D7 B TE W 4
INREAST BT BAT B 1 2 2] RE ANz ALRE T L AE
i DU AR B 11550 52 2% B S B AL 4 1Y) SAR MR 432
ROR . Hosseini % A (2011)% SVM 1 F 2% fk SAR
BIG o2 b %07 ¥ B 6N ATRSAR B gl 42 i
MFFEZSEL, SRS A R B RRAE 2 E0R VT4l SVM
Or AR E RN ERE . SRS RAIEW] , SVM 7E
W ACEE 73 275 LT B KA SR 73 2K dwe /MR
B OrRA H Wishart 73 KRG8 F LG 02K 4% . LiEA
(2021b) 38 & K K BE I A4 5 BF (gray level co-
occurrence matrix, GLCM ) SCHFFAE S| A Z Il 2 A
AL IBCRN 73 220 B v B — AL T SVM bl it
i\ N TRt 1w WY o = a1 e = W B2 = o N
B b 3 I A A U DK R R R B A LSRN
(2021a) B 46l o Relief J7 16 %8 £ EL A 8050 X 401
A RIS 2% 0 BB T P A A e 2 SRR E , 9K J K A A e
T SRR FT SVM AR ZS & T AR A I, Radarsat-2
FiIi 73 35 (GF-3) A K S A 25 RAIE A 17307 1%
A R . BTRE A N (2021) 42t —Fh B T SVM
(1 SAR EIGAAR B AR J5 125 %007 vl i A O &
BOR AT R IR L , 38 0 ALl 548 3 2 4% SVM 5
BY, IRFAE 4 JBORT -2 28 I 2R P D7 T 32 THIR A

BRI A TR B

MRF J& —Fi I F B Ge i s B i pL a8 24 > Jr
5, HEIE I A5 A 6 MR 25 A OO0 00 A5 40 g 2 AR
H1 T MRF 7 FH T SR IR R 25 SR AR TR
AR B TE—E B AT LUA ] SAR IR g 1Y
ANFIEZ, K AR SAR FEUZ 53 E1 RN H bR 53 2SS 1
T . D’Elia %8 A (2014) 38 33 I 5 F15 298
(information-theoretic, IT) i) SAR MG R 1iE , A FH %
T 5589 1 5 IR AT R BEHL Y (tree-structured MRF,
TS-MRF) 73 #5035 2 2] 2kt s AR R 52 30T )
X952 08> T SAR MG H oA - BEME 5 X 028
ZEIRIZI . Yin 46 N (2020 )85 5 T 18 fE 2 K (con-
stant false alarm rate, CFAR ) 191 Z¢ A% 53] 10 Fl F 385 b
LRI A G5 | A F MRF fig i pR kb, 46 58 TR = A
LT X I SAR % MRF 432 7k, I a3 5246 A
TR A S M T b eyl g s
Liu %5 A (2022) ¥4 Wishart #5251 5 MRF 45 & 2 1 —
Fhb Ak SAR MG MBS 325070k 2T ik i i T —F
F 0 SRR GE e PR, S R T A o R
R Al 2RI LA 5 MRF 7025 PERE .

RABPRFIE -5

‘ =N BT
B == U qu

gt — P e svming

SAR % il 4 2 L E 255y A
e — i AR S

Fl4  SVM ARG K
Fig. 4 The flowchart of classification algorithm based on SVM

AL o R — BB TR B R R A BLAR 2 ) T
5 AT LGE A [ 3 N2~ 5907 2OR M B H AR
{55 AR AR A 58 4 7 i, AT 328 381 1) /0 8 5 i
JEF AL AL SRR ARG SR HAY . 5 aiLe )
715 RE A R4 715 B BT I 2500 A 7 ) 00l
ik, 72 N HIAE SAR P8 25 1 A1 H s 73 SR 2540
S T o] B F AR DT I R R A A 5 B
N, B U 2E BRI R AR HEAT AR RS I, SR IR
i A A 2] TR AR AT IS H AR TE AR RRAE R 9 H
P S i J MR R S PO L s R X e A
Frfi R TR F A iR 22 S B FARAY 7255 o
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NZREHE — SFIESRIR — S22 ] — bR gt

il |

MREE —— RHERI —— T — PURIAR

K5 JETiy ] i AR iRsl T ik iR E
Fig. 5 The flowchart of object detection algorithm

based on dictionary learning

Liu 55 A (2020) 42 i — Fift e £ 5 L 2 2] (prod.-
uct dictionary learning, PDL) 5753k 281 SAR H AR TE
AR %5505 1 5 R s R AR AG T (maximum
likelihood estimation, MLE ) J5 2 4) g 2 > 7 o, 1t i
SN R 7R B B R, SRS SR T R BB B X SAR ]
FGodt AR, B S Ul R di I 2o A s o e
BURRHL R 2] P AT 456 A3 T SAR &
PP RE AP . Han %5 A (2023) 42 H —Fp 3%
T 25 B S BE Mg LR B8, TR H W T
SAR FI AR sk , 1257 43 3l A SAR &I 4R 14
JEAR B SUEUE B B AR B SR BRI H bR st
SR R e /N T AR 3% 22 E N X AR ZEAT U . Ma
AN (2024) $i Hh—Fh L THR A VI ZRAY 77 oy 2T Y
SAR B ARSIy i 1% 5 2 8 Je kIR G I 4R 7
o R S NS RN IR G B L e s ] =
B 7 L 1) F R L SRS SR AR B B8 (extreme
value theory, EVT) X 45~ % UG Jic 14 DG i 15 22
Ay A, T S B, o ok AR 158 25 5 2650
T He AR 58 1 H BR i 3 200
3.2 REZET

P 2] e — M N TR RE %, A AR AL
fa v A3 2 09 07 205 20 A RRE R RE ), RE R N
TRRIESR U S e e RN 22 o LR 27 ) I 45 4
142 B 2 K 4% (convolutional neural network,
CNN) R = Ef?@éﬁ(deep belief network , DBN) . HE
& H 3l 9a 15 4% (stacked autoencoder, SAE ) Fl1 Trans-
former P24 55 . AH LL T = BARSE BT AL S AL
feF Tk R I RS BONR R, A 1 N
FRIE T o TR B ) 1Y RGO b B 7 vk A5
B 2 )R A HES s T DL D R A
b B B $ IR T G R R R B AR, 42
Th T SR R AT SR 0 ) HER A

CNN R IR JE 2 > vh B 22 U583 3l it — 2R 57

GAUZ AL 4 12 RO pR AL, T AE
JER BRI 5 BUR 2 2D OR R AR B, et ik 2 R
ECEHE (0 45 B2 T R B BRI B . M 22
B G FUZ T AL 2 , AH OCRRIE AR 15 Ok B 52
A RN, 5 (1 1 43 12 2 0 U 0 45 1 1
TR N335, CNN (B AL ZE A an /8 6 T/ o

HINZ

EHZ i)z A iz

2
K6  CNN&SH
Fig. 6 The structure of CNN

Girshick % A (2014)f H A5 i1 X S8 AT CNN A
S50, ML IR T CNIN R 9 J8E 4G T ) 25 45 4 R-
CNN (region-based CNN) , F¥Ji T 5 FIRE 2% > Hbr
R B8 . R-CNN H b A ) i 72 & an 18 7 B s
T G A0 FH EHE 48 & (selective search) 5 7EHi A
KIER AR IC— ZR 5 n] BB AL & H As i fge it DX, AR5
XoF A 32 DX 3R T CNN R0 45 B2 BRURRAIE , I A 2]
O3 dn AT B 43 S A R B AR B R R A
(non-maximum suppression, NMS) 131 FL B %} H A5
{4 i A A7 O e AV I, B s A A E R . Ma
45 N (2018) R HI CNN BEAU X GF-3 SAR R4 H i i
H AR AT G A AN TRUA] , 56T GF-3 Bs 5 1y 52 40
UER] T CNN KR P BE 2 BLAE T 1% 58 19 SVM Al
K H L4853 254% . Zhang % A (2022a) 42 i —Fp
SAR H 3l HAn 1M (ATR) By % 1 8973 55 J1HLH CNN
FEEARY (attention mechanism CNN, AM-CNN) , 1245 A%
T JIHLRIFI R B 4 BN 28 AH 25 &, 7 MSTAR 4
AT T AR BIRCR o Guo(2022) 7E2E T CNN
B A0 A 45 B 28 X 2 (fully convolutional neural
network , FCNN) [ &t |- 2 ) —Fh ZHR A fil & D3R
2 FR B 22 B 2% (multi-feature fusion decision CNN,
MFFD-CNN) , 175 35 76 AL J2 2R FH BBl SR T
125, IFAE R 28 AN [R]85 AN [W] B R AR5 107 =,
AT LATEAIE IS 2R 2 B B0 N RSB
A ETFAE N (2023) £ ) — P AU R AL
CNN [ SAR & 14 5 35k A% {1k & 9 J5 35 (integer
inference-based quantization CNN, 1IQ-CNN) , % J7 %
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FNIEG HREH R ok

FEASALKE AT 55 7 15 Yk B A AU g fb B R, X
TR 0 455 5 R A A0 A, 2 7 72 A ) A5 8 (g
SR FIAG TS B . Chai 25 A (2024) 32 1 —Ffg o
I R-CNN Bk, Al SAR MG h &2 2475 5%
T A9 /N LR A H AR, SAR-Ship-Dataset F1 HRSID %
PR SR 25 RAUE I T %k e Y s P AN
FRUBE B B R ) A7 R

DBN H £ )2 %2 B 3 /K 24 2 Hl (restricted
Boltzmann machine, RBM ) £ & ¥ 1%, , Foi)ll 2k o 72 5p
R B I PN AN A B O PR A AL .
Se ok T W w2k 7 kB — 2 19 RBM X 4L
P RRIE B 2 AT 24 20 SR 5 1 A An 28 0 s X
FEA 28 HEAT TR, A w5 4 28 B T Ay o A 1 o
XB %55 N (2016) £ th—Fp 3 T DBN [ 4 1k SAR [#]
A2 T7 5 Z DT IR e AR 2 A 2 A )
ZEFNFFLAR 2R 0 SRR IE 4R RN XS N )RR AR 25 4, K
J& FH DBN X6 i 73 R AT 18 2 2 ) 3RS
B A FERRAE HEAT 432, B Je >R FH ATRSAR %54 5
B3] T DBN 7E#2 4k SAR 432t i 7] 177 . Zhao
2N (2017 ) B4R 2 2] 5 DBN LUJG W B G s 4
A — o B R B A W 2% (discriminant deep
belief network , DisDBN ) >k2% > FF SAR FEUE /025 1)
YRR IE , ELST SAR PRI I S 645 S 1% B
FRAE24 2] A RPE . Wang 28 A (2020) # Hy —
P LT 51 5 F A FUIAE B2 SR A DBN AR AY | 245
TR 5 5 T b 44 1 0 SAR UGS AT B 1 e | %
FHIMAE B2 3 B DBN B35 %5 SAR H bR 17 IR
T B R AE 1 B, A2 A TR0 AT T i S AR 4 50O ) 2%
YIGRUEL, 42T T SAR HARAIFUITEBE . Yuan %A
(2022) 4 H—Fkr CFAR H1 DBN AH4S 4 4 SAR 1%
PO B BRI 75k % 07 1 e R CFAR #4742
Jr kAR 2 HAR RS 5B SR )5 DL B AR &S
ORI 115, B¢ J 11 . 2 DI 2R 47 19 DBN 520 %o
P B AR EA TR

CNNFRIURHIE
K7 R-CNN H gt it
Fig. 7 The flowchart of object detection based on R-CNN

i
£ NMS
X
[ b
s
%

SAE & —Fh e B 2 p 45, th 24> H i i
#% (autoencoder, AE)MEZZH AL . AE £t 2t 4% A
SRR 45 T S 7 LR, HG v 4 B 25 1A 55 2 0 o AE A
BRI SR 3 — AR AR Y VAR 25 ), SE AR AR Y
i SREAE AT 05 D) 70 TR G i 4 A A AR 4 R
BT AR B SR 45 5 25 ), SRR A B A e AT
Bo SAE W% e AT 452 AR (98 2 B g5 , Pk
7 NTOUZ S 2 09 S e G o Sk 1 i iy EL AR [
ARAFEEE BRRIE , 1T LR AR A0 5 W) A9 45 51 10 0
856 ARAF N 8 1 Sh g 4% i en F 20 2 i 2
Wi H sl g it s Z 2R H S i A% . BRItk Z Ak,
SAE 7E SAR & 53 2 R EABAS 2] T R, Liu 55
A (2019) 38 128 Kf Fisher J 53] 1 W 5 A SAE, $2 H —
P T SAR IR AZ (O AGI (1432 B Fisher H 32 % 4
(stacked Fisher autoencoder, SFAE) , H 32 B 45 1F
P s SAE B8 HL R ME . Hu %5 A (2022) $2 ) —Fi
BT SAE (9 SAR R 3207 1, AU T 2270+
WA [F) SR 3R A, 25 2 SAE M 280k ]
5 3 RIE Y 25 18] o0 A R A, 58 FH 2 d B AL R AT 1Y
PR 2B HE AT U 2R A S R AR A BRI RE 7T o Luo 55
N (2022) 2 i —Fh e T HES: [ shZ iS5 M2 K
2 il A (fusion of SAE and CNN, F-SAE-CNN) ffY £ fif
AHB AL SAR MR 32K 75 125 1% 07 ¥ 3853 F I SAE
25 R EOR SUFD CNN 28 (9 73 25 PERE A R 1T
Pl SAR R 73 S5 1

JE A, Transformer 76 SAR B4 B 4b P 45 15,
BAS T 2 Aimk . Transformer B RY g 22 [R] )2 %
F1%) G B e 0 SR D e 2L R, L1 e 5% o AR % R
2 H 1 & JIHLH (self-attention ) FIHT 15 7 £5 %
ZEA L. Transformer i iz 5] A [ {3 2 1L A LT
A7 HB X 4 P 91 3R A7 A 3L, S BT e 91 Al vh 25
TURR ) 52 A5G 2R A 2R, A5 A1) T IR 42 R B
AR, Qi A A (2023) i Hi — Fl & T ViT (vision
Transformer ) f 1 (%) SAR M KR o3 2805 4k % O ik
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% SE (squeezing—and—excitation) B 5 Lk i &AL
HARZS A, FE R 2 B R ARG, 1 — 2D 42
TR ERERE . ShifE A (2024) X5 CNN LA 2K
AL H A5 42 )5 {5 B A9 )&, #) H] Swin Trans-
former 5 R H2 U SAR EIZ 1) Z2 2 HRAE , (1 AR H A5
TEFARHES) AR BERAT BOb A ok . 4 1 5850
& % CNN Fl Transformer £ H ) L %, Wang 56 A
(2024) % CNN Fl Transformer #H45 &, 32 H—Fp T
WAt SAR P 553 2 A ARG 19 3D-Conv-ViT (3-D
convolutional ViT) VR & P &5 45 #Y , Horp CNN A1 Trans-
former 73 32 73 Sl 4 OB 1) Jm A8 A 42 ey 1 2 L 3208
T AR SAR R g iEERE

Bl I TR] A HERS | IR B2 o ) 5 125 i BRIE A A
W 2 Jee A HCAE EL A 18 137 FH 3 S5 v AT AR T e A — 86
PR, AnArEAEss /N B ARRIS BEAR 2 2437 5 P
ST AR AR, PR RTRBE S ) O ik — R TE
IR R R 2 b 4 S — Sk SRR SR, 4
T8 1o el FH SR Y R 2% 22 5 (ResNet , DenseNet 45 ) 3
Ko HARRAOE Y $EIRBE 7 5 AT B R P R AR
WG 42 JRy (5 R, s 3R T 5 5 8 S A B R B R S
F R AT 5 2 IR ST H ARSI Y 50 5
R 22 ROBE A B Rl BOR B 55 E AR A A6 DU RS 2 5 1)
FH %% 18 Ak W 25 B2 44 (MobileNet . SqueezeNet 55 ) $2 15
H AR BRI B BE 55 BR T Lh B ARy ), R B A
AT LITET R ) 55 I HIo B e ) (IR
o fil 5 25 7 1) FEAT IR A, LA — 2D 4R e AR Y
RE , [ 5 T80 SR sl 1) SAR MR Ak #7325 AR 45 5 i
BRE | R ROFRS T

4 KREBEERHEK

ULAF SR, B 2k SAR R HUS i 2 ik, & R
P TR LT 7

1) 5 SAR 55251k SAR. VT4F kK, 3 i 23 ]
BEUR EL 205 | O ik 22 [E 0 TR, A TR 4 M
T RS S R R . T A T A s R S
AR B RRAR, A £ /N8 T F 7 SAR BB R 4 E
KRB, W RERGE P2 REYE T
VB, AT R IEEETH B A 4> B, B e ek s RE . 3
K, M1 Planet Al ICEYE 5523 w4 H 9 gl /s T A
SAR 2 JE R G0, 1 4 BR Bl P SE B 1 sk i 17 iR
HiE . AICEYE A R, H/N T A R B

I3 R FUBCE A Bk S5 0 3 B T A o, T LA Ml
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