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Abstract: Synthetic aperture radar (SAR) has emerged as a vital tool for ship
detection due to its all-weather, round-the-clock monitoring capabilities, rendering
indispensable services in marine monitoring. In practical operations, SAR images often
present in large scenes, how to balance the detection efficiency of the algorithm and the
false alarm rate is a key problem for large-scale ship target detection. This case takes
the design of a multi-scale progressive rapid detection algorithm for SAR ship targets
as an example, an improved algorithm is introduced by analyzing the characteristics of
SAR images, and combining the advantages of traditional methods and deep learning
methods, which guides students to deeply understand the SAR image imaging
mechanism and solve the key problems of intelligent target recognition, and train
students' creative thinking ability.
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Pry SRR KA, XAETMERRRGE AR . OpenCV KR1LOVEH]
9(=90,0], LAEEID x Hiphw; KR REGTLEN(—90,90], LKL Aw.
AR NS E, IhFHE S SO A SR AT E , Ry A
PR @, XA R ISVEIAEAEIX AN 8. 5548, BT OpenCV FRoRiEF S x Bl
[RIAAE N YE, ICAFAETA I e o), BN NI SR AR 2R AN E «
TR A WIPE I, Oriented R-CNN (Ori-RCNND P3ERF] T ol g s &
7~i% (Midpoint Offset Representation, Mid-OR), W& 18 (¢) Ffizn, Mid-OR K
H 6 ZHERRE A HE(x, y,w, h, Aa, AR}, FLr Aa, AR5 5] 9 FIIAE fr) it 1
ORI R, ZRNERR TAESE, O T MR R, (AR
JAHERNAAERERA I 0@, & T 4122 1] RRol.

MRE LA b & A ) ik AR Bk 50, BT 7 VR U B 2% 454, 456
Mid-OR FRIEN A T RIEHATH MUHER R . HARKYL, Mid-OR #NH T
FE—MBLHIA 7] RPN (Oriented Region Proposal Network, Oriented RPN) 231, 7
e £ FE SR ) s 58 o B Y A [ U - I 28 AT5 R K i, DT RS HERY
ENAFHE, Hordr, 8 B2 Rol-trans®2 I, HHEE XIS AL bR R
% RRol b, W19 (a) . T HT—FrB Oriented RPN AR £ 22 Tl
REC EH AR, 5245 R AT 45 Sk 3500 266 75 L4000 1) I HE R 2 B0 78 I FHE
i, wE 19 (b) s, P AN A7 A8 A A A )



~

(a) (b)

B 19 Sk e A R, SO NRRRIHIAHE, SOy E{E. (a) RRol AAHR A
52, (b) 25— K Bt LS R A

2.3.2 MG BT

MRYE BT B [R5, i 77 15 0e 438 147 50 iy AR AU B Ori-RCNN W 2% 4
TR AT St . 55— B BY PR B Oriented RPN 8% H4 RRol, 55 i B K Rol-
trans X 4% (K] 73 AN [a] 5 7 2% S5 44, FEIEA [RAE, [BINF 0T RRol #4773 98 . 7 4h,
CNN 5752 31| ] H S B I BR ), AN R A 1R ST UG AN 8] X 38 R (R PR
B OC R, X TRRPIE RS SAR B, [TEZZESURB[ERER,
T R Z AN, /N H R A1 SRR H bR FIRHIE X 70 PE 23187 %298 Transformert®”!
BERAEAE B 0L, A 2 S 800, AT D2 /i fE B 31 2 AN F]
(R3] N T BRI S U R NI R E R, B Uik E M4 H Swin
Transformer8 i 2 B RHAE R HN

o0t 5 I X B R g R an ] 20 fis . BT 4438 Swin Transformer [
4 By BORFAESE L, BEHY BOS RFAE R SR AE 2 A5 AR 2 RERHIE, S8 )5 K FPN ¢
fIE 4 735 G MW R AR EAT 2 REERL A RN — B U B AR B . f5 4% Ori-
RCNN [fififig:, 5 BER A Oriented RPN il i RRol, 55— B BI#:HH RRol
DX I FEACA RIS 55, X551 RRRAE 2 W 2 A2 B =LK 43 28 A0 (Rl e
IR 2% 73 A B HER B . 2% B4R 2 BN T -

Liotal = A1 - Lclsr + A Lregr + A3 Las + A4 Lreg (2-8)

H Liorar RN ZAESFIRE IR s Lyeg MLyeg 70 AIZR7S — B BORT [ B B3 K,
1519 H A5 73 0 0 s RS R miE A R oA I 2 5 % i, 2R smoothy 4
PR R Lars, ML 700 8B BORT B Be i) 90 451K, R A 22 38001 38 SOk 5%

KeEE, —BOVITRE R 0K, “HBOVE Hisr3k TS K,
MK BAh, A Apv Ags ALREAMES R IR ¥ .



———————————————————————

! - : 1 - |
! P! P - |
| | I | | | | | .
| Swin-T | | Swin-T :__N' Swin-T :__J Swin-T | TranS::;:mer
I Stage1 I Stage2 | Stage3 | I Staged p
| : | : | | | : FTmEE
' [ ' | ' I ' [
| ] ! | |
- - ‘_____',I [
1024x1024
FPN
32x32 Gdxb4 128x128 256x256 = REEHEE
! ! il !

/ / RRol Align FC1 FC2

Oriented RPN

K 20 AEARA MR ) 2% 45 44
2.3.3 #iE o

AT A A A I T SR I 5 A SO BHR M SO ST R
SAR I PR 7 5 B GRRE A 10 R0, 0 60470 Y B 9 23 i
HE A A

S B 5 N « e B RO el . R AP . R, XA
BRI R N TR SAR FUR AR, e KR T 900 RITHIRE Hlie
$73. S AMBIIN T BENLBT S B B, T 0 PR AR 387 51 %
B AR AR BT SO S FE A VI R B

R R TFTRE L T BB, (035 2 Bt LR R BO4SAE AT CFAR 4t
SIS HORRT . S SAR B BB @A KRN, I I A (A A
O E bR SsH . VR0 2 ST B ERRR 46 B P T LB SAR BIGIS, —
ol SAR BESHR LB MRTEEZ A, HT2 i 0as, FHLnk
YT 15 53R AL SN SERAN LA 0 2P TR (L eE T RIBFR B R B
HOR, 455 SAR BRI R SHOEARMIE, B, FHRTERET 8 1
SR e . BEAh, DRI TR LHRIE, CFAR ACHEJS BRI RIS 1 T G2
JiEAERLE . BABEIE 21 FiR, IEREA T RGB B, A
CFAR iilf, SR HH 8 R 15 OMmEE. Wi gk
Y, SR T 8 SR A KR R MR Bk, T 2E bR X T LW 4



(117 5| CFAR BIEM I R K.

CFAR 8x mean 15x mean Combination

21 ZHERE AT, AT AT 0l R T )R M H BRI RS ROR

2.4 BELRER

P T4 FRAT B AR M5 X, o T 5G4 /0, i 2 ©OROR A
(HIE S SAFAE— € B H bR, T ZRE TGRS 2 7 D AR Tk
Jiti s MRGEAE XA IR LR H AR AR R K A0 28 1 ik, Bl TR ke
KREIAE Ty, AR s DX A AR T AL 238 70 A RE A X3, DRI, R 4
] SAR ATR R —#¢, FEE 888 E T 5 i+ 22

(a) (c)

(d (e)
K22 & H ARG (a) R, (b) i, (o) BFR, (b R, (o) M



MRS . SSERIAETR 4 FUSAR-
[ BRI T (% shiprozue
|
>
— ATHEE e d)lEiEn =A
EEEEIFERXE
(a)
q, S 43R4 N _
> [ g TP Tmm [P BEESH P o X
KSR Bt
(b)

Kl 23 M YIGAHERRE. (@ %GR, (b #HEHEmRE

RS I (FDMD B TR FE 27 2 3 R8s it AT vk 1B 23 B/ 1 FDM 1)
WIZRAHEEIRAR BT, N T RBUCE A B R, FritomiE 2Rt e I ghee
Hh (R B SR A R T — R, 1 3020 B8 tH A A DX A I 45 R4 D i B
FRFEAS, AR NN FUSAR-Ship1.0B1 9 4 i 2 50 1 DL ORAIE 78 2 AU ZRFE AR . [F]
i}, FUSAR-Ship £85I SR 46 70 A 8005 A T PR, hnpR N A i &%
K,

HEPRRY B, D7 v e x an il 46 S 0] v, A5 P o 2 0 X g ok U0 AT 4028,
SR JE N oy S B AR N B AS FE MO AN 3915 B i A 4 R B E R, tH 87 Al
T

254X S,

€T S4+ S,
HApS MMM EHEGEE, SN EEREGERE, SAEEENMELER
BIEE.

S S ) B B R P S ) G B AR ARG AR B AR, TR R,
ATLLR 25028, R ONAIRL B R %)) . AR TR0 B AR, % H st T35 1
1) 78 0530 ], RRE SR I R o 200 IS 4 vh 5 S BRI S P SRR AN G2 — BT
it B 285 T B AN R o BT T FDM SR 22 43 R 2 45 01, (0486 7 2% B s
FRAR. Bl WRfE. MRER. T ZRdk. oA, SLAMIFAEIWE 22 FoR. 280
R EE DL SAN R FEE 2 >0 I 28 50of i 2 B | SR B S, G AE 58 4 1556 4 e
Y SIS AT -

BEAh, FIRS I R 28— A, R 2 S 1) ot K R PRI RS 225 b U0 1 i 34 i
MURFERLG #E, SR R G RENLEI L . 90 FERFHUREL . o ELEE G R . Rtk fih

2

(2-9)



8 CFAR $F#ME. 8 fEI(ERFIE. 15 I (ERF IR S, Qi 24 Fros, 054
. SR O NTIE (B3 3E .

K 24 HirZ@iEma e

3.1 LW BIE NP Afa b

A SCHTHE TR N T SO K350 SAR MG, sl i 30 S oe B4y 3
HREAN A (UFS) BG4 F AT M B 4w i AN LT A I
TR B BB RS B . 2B OHE 1K, BT =248 30000 G R t, B8
10 1248 KNG X 35k o 5245 32 BLIR 5 A A H PR3 2 TS L YT
KRG EEXIE, WERE. ERE. BESZMEIMKEIAE, ARG
Wi 25 Fis. BEEILEE R 3783 4, Rl aIgRgE 20 5, MR 10 5.

(a) (b)
Bl 25 s 3 BEFKEGELG R, (a) dEILFEE B, (b) o [ i
FEVEAE U7, CRM WITEA R I EE 3 1958 2 &R0 2 SCH) FAR fir H 2 AT il
T P FE bR . AP AAERHZR 73 73 FH T OSD H1 FDM Y P-Aiti, A 5 0 i e 3
s RS R PPAG, & Ll an T



_FP
" TP + FP

FA (3-1)

HAHFP. TP, FPoJlRon HAEG]. BRER]. b,

Ao, RSt EG K TR 45 RER T QGIS Bk 23, Bk MBI
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AT TR OSD A H RIS LI SOTA J7i2: 1 928Xt b, 8 75 i B
XU B ToAESE 2 AR . SCIEE B S B T B S A X s ) e, TR
KANA 1024%1024 18, NZRYI A3t 2555 5K, A5 7447 N HAR, KRBT 20 &
WZREE, IR AL 1037 5K, B8 2680 NHFR, KET 10 HIRE. g5
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* 3-3 A AR S AL 5 R

oallF KA | GERBE | Recall | mAP | FPS(bs=1) | ZA7(GB)
RetinaNet-R-HBB 3479 0.896 | 0.8802 20.3 2.14
RetinaNet-R-OBB 3244 0.888 | 0.861 21.6 2.14
R3Det . 3607 0911 | 0.886 16.7 217
RetinaNet-R-GWD e 3293 0.895 | 0.879 20.2 2.14
RetinaNet-R-KLD 3267 0.903 | 0.8828 21.2 2.14
R3Det-KLD 4044 0916 | 0.892 16.7 217
Oriented Reppoints | JCHHHE 5515 0.942 | 0.909 19.6 23
Roi Transformer 2478 0.869 0.86 19.1 2.8
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