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Abstract: Based on deep convolution neural network, target detection has a good performance in application, however, its per-

formance is still poor for weak and small target detection. In order to improve the speed and accuracy of the small and weak target de-

tection, an effective small and weak target detection method is proposed, the improved feature extraction method and scale matching

strategy are used to select appropriate scale for the small target detection, at the same time, an adaptive fusion module is designed in

the neural network, the characteristics of the target environment are enhanced by fusing the features and receiving the domain. the

proposed method has a good performance in detection speed and accuracy, and effectively solves the problem that the general box

strategy cannot accurately obtain small targets, the new strategy uses adaptive parameters to determine the detection box. Especially

for the detection of ships in the sea and sky background, an intelligent segmentation method of the sea and sky line is proposed, and

then the background detection preprocessing method carried out, which largely eliminates false alarms and improves the probability of

target detection. Experimental results show that the proposed method can effectively detect weak and small targets from the video da-
ta, and it is superior to other advanced target detection methods.

Keywords: deep convolution neural network; weak and small targets; infrared image; adaptive fusion module

0 5|5

SN BRI DAE T, BTEE . KEEAT . FT i ROCRE
i 5 EE AR, — B L 4T A F 5 4
A TTERHTE LS. AT AR, BREE. Agh
25 5 L% T 44 0 4003 F R R R 4 2 L A TR b
B, EARE AR R PR, T E X H AR KR

Wi BEHE:2023-02-08; {&EIHHE:2023-03-10,
E£WmB BHFAHHHEH2020YFC2003404) ,

AL TR A R R LA A B Ab T s T
Fbs, HARLE BIR b 0 5R AR, B A A i X
RKT.

ST FRR AT 5 A% 0 B i A 2 e B 2T A AR AR
b R K C AW 7 A NIV NS T E R R il D WS B A
T AP — SO B R e O DX R K AR M Y P 1R

EEB A8 B 1991 - 2. PO BT RN B BY B TR D, 32 SN T H ST HLEOR 55 0 L 2 B 15 8 Ak 28 98 ML R AV e s 1) (9 0P 5
SIRMEBE R I DIDRRE L S BT A > SR A 55 0y FARA I 5 ik (0. F B AL Ak 5 5 20238. 31(6) 34 - 39.

BB MU www. jsjclykz. com



% 63

BEOHR. SE. BIOURTSA S SRS R 8 /0 BRI 5 ik + 35 -

DI W RE S R Z L. 75 4L T R H br
Ry /NI 28K BUAE U R ML . R T
it H AR A I A IR ME . AR SO R R TR R 5 T H b A
(DRI, R A TR 2k W30 1 355 /0 AR I

PSS H AR AE — NS B0 T - AR L0 A1 R v 2 3R R
MR HREE 55 o (R M LA, TR ARBRRIE AN B 2, H An A I R
AR IR AE . HZ LI R AR, BEL. XHEA®.
PO S S A T AR R L RO RRIR L
ELASYH FI S M85 . 77 A v X LU E W) A 1) T RE P
M2 FEOBE G, B SRR ANy R e e
LLANEG  H bR B R A PN R R 53 A
FERLIA AP i H s 1 2 A i 2 8 Bk A A, & T ECH AR
Femm AN K e AR R . TERZ 5T, HARS A,
AUPARFRM, K EL RS E R WA SIF, K
PEREFF A BLAR

— JBCRE RGN /I F B B A5 S g R L R ARG I B A
DRTER R . 0P TR, R FE M TRNINIE. e
BEETT S BTN T B T RAR R IC Y 7 ik 4
X EETTIE W A AL e RN, SRR ARV O 20 A e
TN /N H AR R M T G O BT BE, K
X H bR B £1 50 5 5 R A 23 AR R . TR R
A TRVRRE . 128 HARAE BR B SR O U . (A
BHRKAT, WBZHERERIZTG R, H AR KA 2% 5
Hh R RS I RO P IR R A EAE M R AR
IR . AT — S O R R e . SR AR, T
RER M BT H IR, HAERKERL T, WX
LIHAME, XZIRLERZ T, BRI AR
ERM . — et BRI TV, T U5 IR i R 2
HEAT A SR . ER BE S WE A% Bl AR TR B 1 Bl i R A
TE AL

TEARGE T RO AR RHAE B A8 4. By i —{H
BEsQAET7 e SR, 3 S8R AR AR XE & R 5L 26 R E B9 AT 55
HORMAES NS . % GPU MK, —M¥HEH
P AG I A5 Y v i A A BRI 28 I 2% 1 TR BRE o o) B A (R R
CNN) AbFEER . FARGIIRS i m . X4 CNN 25
T A DX 3003 Bk T 3 A i N BB P A R X, IR
DRI AR T /N L SRS Rk S X | EFT CNN 4k
BRDLSRHORE AE . ) S 1) LG A B 4 E 2R AT 03 2K
LRk [l U3 FH T R L B R R ol SR 1) AL AN
LRI B SR, JF BRI Z M E S,
PRI DIk CNIN SR CR ARG, PR X Jsk CNIN 55 3% il i %
AR TT LR AR BN G 5 R i 5 BUZ B9 LA A [
HE LU AR i Mok 0 DR R AE AL OR | A 4R
e (HARAR R BE AR AW R, U AR AR 22 1 X R A 5 B I
P g HE R 25 R N AR T RE ISR N L, S B
DIOKS B2 R R . YOLO B35 4 32 1m) RETRT AL . B A S 24 3 194 190
S, IR SCRE B A Y 2E, RIE A TR S, (A

DA BE AR F Pl X 3 CNN Bk,

FEPR R K I CNN g ML R i SSD 43kl Al
PR R T AR B . X R AR 4 B 3 L — &R A R A I X
Pt gk %k 2 A HE ohod G s ) HE AT 5. 2 % SSD
(single shot multibox detector) B yEpgAE M, Az BRIA K
W S AT R RS AR, BRAMERARES .
B AR, AN R 1 [ J2 6 AE B2k A L ) B BROHE 19
KN HE . BT 55/ B R4S B A % T0UZ ] Re IR CA A A
fH s T/ SSD Jikxt /0 H AR il Mk A SR 221 Wi
ZIR R R TG BN S B0 TR Al R B AR
AR ER X /N FAR R I, 2 38 i BROAKE i i, T RE 23
ik SSD S5k i Wt S Pk .

R SO AR — B T A ) SR 1Y 55 0N B A A D
P, AEMREFR, HIBEEE KK, AT, I
BRI/ B A5 .

1 EIREHE

£:F DCNN [ HARK I 25 7T DL A i 2, —Fp & Wi
HARH M 28, 41 R-CNN, Fast R-CNN, Faster R-CNN il
Mask R-CNN 4, R-CNN 5 5538 3o 8 £ 1 38 & Az i oK it fi
BEH L., SR, ARAS I 4 i — 45 T B AR Y 28 51 AL
#H. Fast RCNN 5] A T XME X g (ROIHh) Sk@h& ok A
REAE VL B A~ DB R REAE . Ry T B v R T B R, TR
1 R-CNN G f 51 A X Sl #3500 45 (RPND - i 20 ik %
W, Mask R-CNN AL 55 KG9 e 2 43 %), o) —Flo2
2 B bR KT 2%, 0 SSD, YLO. YLO 9000, YLO V3,
CenterNet fl CornerNet &, ‘& 12 bty 2 95 H 4 & I 55 7%
R BT LB B B r iy A7 28 5] . SSD fif i RRAE
B FIEERA WA F N H A, JRHR I — A A B &
IS, YOLO, YOLO 9000 #1 YOLO V3 ¥ 14 %14 N
24P IETON AR TR AR . YOLO V3 R I FFIE
ST EE, X EARH#ET 2 RERN ., CenterNet Fl
CornerNet £& 1 T Jo/ B R A TN B A5 09 3G o

fES 1 SSD J5 kANl A EF Xt /N B AR R I . o B R
W TR s R, 4G B Al Y RO AR T, BT
REgd, %5520 REHE TEAE S E. £
PR, R EEE . 5 RALZE YR L4
X, T mE R B . TR, AT TR K R
ZH MG

B a B THEE BRI A RE. EERIIRZR.
VL /DS Ll A8 38 i LR AR B R R Lt PTAR G A
PONHFFMATEE. EERNZERLE, KRR E
FMFF AL . X T/ B, HILF—E SRz
IR HAR REE—FE, TIHE, D208 a2/ T 5 G
Pl OB b i A E R RARZ 8N, TERCR B

REEALT

0 = Omin T Omax — Omin ) /Tt * K @D

Hroo BR c—1EHKRE k. BR c— 1 ERZNE

BB MU www. jsjclykz. com



© 36 - LI i 5 4

%31 &

MR .

BOTHHY 2% RE B i 2 RO I 5. 7E 2R RO i
% bEaafy, ARk ae. e85/ HAR I . fA
PG rp RS 20 DXSBUAR 2 98 5,  E RS I A H A,
X PG AT IO B DR 43 X AR 1 DR AT U .
Jo. MRIEES Y R RE T/ AR i b XK. £ BRE G
HERMITRG, RESERAZSS5ING, BRI,
h G A DR % X IR 15 A P AR — [ A Sy DI 5 B
B NGB B, BT A7 BB 30 B Ot R RV 5 R 06
WIGRIEMILE . 25 B I 2R 5 v 19 /0 H bl 78 55K 9 [ Al
R A2 gL .

F38h s MR AN [ 0 J2= A PR b % B A M IR 4 5 1Y
WO, AR R A [ Ee 9 F) H b AT 4K 45 R B B i FE AR . A [
JERLZLL 2 W REEAT BT IERC . Pt 7R RE -

PEAT T RER M. 4598 R B A R AR AL 5 1 B0RL
fFE. AT HREN. SRR IEEE TEZAEX
MBS R . A B T X HAR AT 0 26, AR, /D HAR
ES LS ONIER I L S ) PN E R O e i D W 2
N [ Nt AN £ B Y B B ol A S =0 = DO PN E R 7
KU ARE A . SE A BT LR TR o PR R BB R &
Y R ZE. A TRREZ M ETFXER. T&.
VAP A BUN A BT . Myl 3 Nl S Bk
2 BRERN

F 40 51 T 95 B 1R o/ 0 22 o B K 2
U PR B i R 2O H AR KL I 19 B 2R T R
IR R 5T /D HARKS DI Ay B 2B 0R . AT LAAR R
ks, 48 HARR A=

AT RUX 53 1 KA [ DI 22 7 Btk — BT B 4R Ak
TR T X% IR TR R e LR R DX 0 Ak 2k 3 I
B 7 H Al D3l 7 AR A /0N o SR A o 48 % O L A i
KRB

h+o/2 2
SSSD(h)::Ji J [I(I,y)ZA*I(I,y‘Ff;) }dxdy(Z)

Horpr. SSSD Sta il ik 1. n AR I R 5198 o
REIGERE , W A PR i Ay v il B F BN
[l X 2= 7 AT B0y T oA PR R R, s v 2300 o [T AR
BERAAR. T SSSDAUKIEMR e, w7 EE +
R A e IR Bt . RIS B 5T, W XMR 28 X AT
BMH A m . W REAR W . . A
Gy 1 1 R A% DX ORI i X e TR B B0 R . N e A
B A 25 R S B v M 11 IR P O 0 R A 0 41 S0 R A
Iy ZUAN BB K s XSO 3 DX 380 S SR
A T () 3 A R AL B B DX, O e 4R I R o G
(R AT RS T FNONCS: R (BRI RS P T R
SR A0 5 5l 8K A P P R 2 13 TR

TEARA P 55 1 5 i DRI K 28 XA B2 ol 1 v 2% e

Sz, WEREIET W . B, A8 R A DX R i X 4
ME B G AT LUR S 5 M3 55 @ e i R s k. 1
DR OLR . R AR R A 2 B S R T e AR O
R PAT LA ER Y AR B, AR5, (2 3 AY Otsu
i AT ISR Ay EE . L0AN BRI R A XA v
DX 3805 3] 4 7 1 R AT 3 B () 3 A R AR B K B DRI
) — AP R 3 S e e B IROVE TE Y R DA, O i 4
IBCHY R AE XS R AT 30 00 o AR5 R R R DR A DX I A Sy o R
XAk, TRLSRIBOF W iE v i R R G HE., Bk,
T2 ORI D S 8 M. 20 R AL BE A 2 L . A% Bk
TE 53 F 5 W45 R B G v 5 TR B % ) 4 A, B e R
A B e for T BE A b YRR IR Rl . SRS, AT R B
TEME R DB OCRAAE . TRl BRIl 98 B2 . & B2 L BEC Al
AR IR . SRR TR BURIE . 7E RS AR AE
AE ARG+ ) AR AR Xk 4 A 98 A 98 X XA T e . ARG
PRI K KSR AE il R IX I, 25, 78 A8 R 4
FEMCAAE . A5, PEATHE KL E L. B0k i K X IR 1 5
A AL A A TR 0 ) R D 9 K R B TR A A RE . R
TELLAN MR TR 2 6 T R4
TERZRBET D, BRE U2 & 400 ¥ 20 W
SRENG Y . TEIXFPEOLT . R DX A Bk A
AU THRINEAEWNE KL, EEREGWLOHEE, RAET
Canny B 7 2 B AR IO 5 . SR IO 5 14145 A BRI A3
Wik . KERTERERNEL G B ERRL. R,
i I AR BRI AR ALE 7 BRI DX 45 60 90F 56 26 95 7 1V R R . B
LEY RS NI E RSN W= R RSN
3 BEF_ERRWBERSEEEZRKEN
b7 B A 500 0 S R B R /N
PRI R AU E R IRR £ J5 ik, W Top-Hat Jr#k . Max-Medi-
an, Max-Mean, DI HARHH 5580 R B AR ALl 1) 2 9k
s, BORME.. ERIFEVONERSUP 5L A,
H b b PR B, A LA PR Sy 2 R R 2 o
Pt WOR F bR, MR OSCE R — MR T T ERKH
PrRor IS . R R SEHEN -
P,:1 =B+ N
P .I=T+B+N
Fope T ORELAh H AR %S (8] BB AT . B R 7 57 23 0] B KR
Oy N g MRS A (a] oy A e B, Po TG H b IR R B
s Py g H AR B R i
Hy b3 e 5 20 3R] AR A R0 PR B BAL BT . R
LI IEG B2 B B 5 R S8 IR S Ab B 5E
Ja. EHRRAEM AN
Q:I=N+C
Q:I=T+N+C
Horpe Coyis sl gk 2, RS DO us a5 %
AHOG, e BR300 T U8 O 25 3, R C=Filter (Q),

(3)

(4)

BB MU www. jsjclykz. com



% 63 BEBR. SF. BRXDHAE ST R Y55/ B bR AR5 < 37 -
Q BRI 5 IR BSOR G RENLE . X AT 2 RED A IR AT AE %)

ESCBIEN A, il
IR

THZAE AT ER o5, AERE SR 25 [ 3%
G, (2,0 = G(Filter() + N > )
G, (2,2 = G(Filter(@) + N+ T > 0
MAETE HAREE, RELW EHE G (Filter () +N+T
A MREE IS B IR KB, IR IBEBOR AR, AT RAR I A U
WAE As Q
ST, T T AR S B %H%%ﬁﬁ%@w,
PN 00 TER A QDS SRR ST (SN i PO /1 A A7 TN
RRESE.
EMHIERIG. BRI ERSAERER, 25
AT AR Otsu Z(Hr %], SRR EARMTEE . SE. |
ORI ARAE IR M . SRS 7E BE L B A X 3809 Bl N T332 17 R &
Otsu “{H4- I, Xt BT 428, B2 LHE R
AL BRSSO, WdIEE, REWMON T BRI E
FRE R R LA I ) 25 R0 i AT i
4 BEERRE
BB WEME 1~2 iR,

e mig | [0 ] Jpomec] [gomomx
5 B8] | AR

(5

X
AW pr — e
CEALky BIE | [Famb RE
ikt B | | £RER %
H I i PrLE
'

| |w JRMEN | | WAL |

ek | Ko WK ] BB

WHE g3y = | [EF M

BEER | by 47 ety

KA % Bk 5

BT Sk Al B R I

Nl il ™ 5 pEm | %
Dl (m| ] | >
= # ] | R seh
LR ]2 (5] ] e Hfire
L 2| B e | R

: S1al||”|

L)L 5

K2 Bk

D) TALPEGEAR . B St A LAk A BSR4 T Ak
B, KRN A MR, S BRI OO R EAT AL B AE I
& SR, XFEMREE T E HEIRFRERIX R AE S, 4

MR ERBWEHKMT, SERELIETRIN, K5
PFREHFER, TR E, ERARKER T, FHEEE
KPR E B3 g REHTRE. K5, HihE

FGIT HARRAE . ek HARB O B E S .

2) HLWE. W ANEGARYE B bR RE AU 5 B
PR iR EE)Z, RIER T Mgl 5 20 RE
G, ATA AR e B ARk DU e . R B 3 N R AR S SRl
AREL, W EARM Y. BN, BEEE.

5 XWHERKRDM

FA BTG IR M RE . AR R BUIR S R AEE /N E
PR S L AT S8R . F i Aa AR AT /N B AR
Kl BARFERG S AMTAE 5X5~10X10 (B H)
Z 1A,

YIZRTE = o 0 R A& T MRS 48 L aEAT I 2k, 5508 4w
185 N Python, 7EUIZR AN BY BE . B A BRI KNy
JEdE o 1 024X 1 024,

Hamag, SRIGHERRETHRES, WRTH
PRI RE 7. 78 DR v A 0 o B 1 [A] B #W%ﬁ%%
AR . A ACE e, A AT o T
TSR DX I B I, A O S e DU SR 1Y R B “%ﬂ%
RILFE T 8. 2%, AIEEIEFE T KIGE j Xt B sl %, A
B F 2 /0y B b 0 R 0 44 R

FEMEEAS E e, 7E 4 HEMG P AT, TR
SERME 3 i, HEPAFEME R, Zadiff REK
W, 53 B ik BEAS ] X 80 ) (B4 . T &0 28 T2 S SRk 1Y
YA E . AUAS EARRE N i) T ok KBRS R R,
PE PSR X R T 5T /N B AR R A A R

CIRIE ER R DA S

R B R S AR R, SEAT AT RS, R A
FIXF EE B 3/ CNN, RCNN, Faster RCNN, YOLO Ll K&
R MAEE, ®E mAP #8458 (mean average precision, JJ}
A 2500 AP 34D . Fa bR mAP Ay RSk 1.
H mAP F847 09 M BT AT A, A S — A A R R A AR R
mAP B A 30 i A OR [F] B AR R S E i 45 . R
AN, PR mAP R R, AURHFAERX LG 5Pk
Rl e, AR E R mAP EiH B 85 R E
1~6 4y %1% 39.412, 19.572. 29.190. 28.491, 22.651,
9.117 3, HER L PR R R K YOLO Bk k. 39.298,
18. 003, 28.315, 29.340, 21.387, 8.474 1, ® L, YO-
LO B3R BARBT . BARRA I A SO A BBk

BB MU www. jsjclykz. com



38 - LI i 5 4

%31 &

e UNNINER 7% S €/ TE bR oRll e S

3.24, 144.56, 215.70. 2 217.73, W] WL, 45 H 08 vk A 4k 3

R Bl | ®m2 | ®s | ®m4 | @5 | Ee SEHEEMR G, T R T R, BRI R SR 9 R R
CNN 23.152 | 11.419 | 10. 714 | 26.787 | 9.280 |5.230 9 by
RCNN | 30.938|14.218 | 23.115 | 27.577 | 5.796 |5.485 7 K4 AL T 5 B 1545 T BSF 55
Faster RCNN | 39. 150 | 14. 854 | 25. 844 | 27. 431 | 14. 806 | 6. 384 6 CNN | RONN | Faster RONN | YOLO | Proposed
YOLO  |39.298|18.003 | 28.315|29.340 | 21.387 | 8.474 1 FA 1|z 10 T 318 21302 | 3 937 89
Proposed | 39.412(19.572(29.19028.491|22.651(9.117 3 iz | Lol 3 o7 TTRT 20021 | 1 10810
RH 3 | 0.38 4.92 169. 64 200.78 | 1 152.10
e 2 AN B (X e AR AR DA BT Ak B[R] £ JFF4 | 3.43 | 0.57 112.53 242.31 | 952.13
., #B CNN, RCNN. Faster RONN. YOLO D) & $ i 4 FH5 | 2.10 3.49 131.58 213.02 | 3 937.89
B R, Ab B B9 S ¥R 4y 50 0.416 1. 0.788 0. 5 1.91 3.24 144.56 215.70 | 2217.73

0.634 6, 1.281 9, 0.579 8, AIUL, 4@ MF IR N
HAE, (2R R I S RE RN S R, PR L dR . 45
AR W 55T SRR 15 Faster RCNN A2, A] 3 2 4
REZHBIF K.

E S ANNINER 7% S € TE iR oAl NLIES

Rz CNN RCNN | Faster RCNN | YOLO | Proposed
0.396 5 | 0.778 0 0.636 7 1.290 3| 0.598 9
0.440 3 | 0.778 8 0.617 9 1.287 3| 0.578 5
B i 4k 7

. 0.417 3 1 0.794 9 0.637 2 1.277 0| 0.579 3

A A /s ]
0.4094 | 0.794 1 0.646 3 1.282 9 0.581 9
0.417 1 ] 0.794 2 0.634 9 1.272 1| 0.560 6
S /s 0.416 1 | 0.7880 0.634 6 1.281 9] 0.579 8

E RIS LR L 25 SCRG T 452 H 8 vk i et
SCR .
SCR,,

SCR,. AR R0 B AR 15 24 b . SCR, A5 ik
A BRI AR5 24

Mk 5E )5 . % 3 fran, CNN. RCNN, Faster RC-
NN, YOLO A J $& H 1 5535 (1 5F- 35 SCGR {H 43524 8. 03,
8.96, 12.07, 14.24, 30.60, W UL, 48 4455 1 75 4b 20 58 B
Ega . HERRREE 2 L s i . BURBAT

£ 3 ZFE ARG Y5 E S E W SCRG $5 15

SCRG =

CNN RCNN Faster RCNN | YOLO | Proposed
K51 | 9.06 11.93 11.26 14.91 29. 37
F4l2 | 5.96 5.31 11.61 13.85 | 43.79
513 | 8.53 13.50 12. 30 12,91 18.38
B4 | 7.52 2.13 13.91 14.64 | 32.09
K515 | 9.06 11.93 11.26 14.91 29. 37
Sy 8.03 8.96 12.07 14.24 | 30.60

SE SO S 7 BSF T4 Hh 05 A PERE DI -

Oin

BSF =

Oout
Cou NI AT BRI SR M FE AR UE 22 . o W B IREA
PRI 1) Jr 308 e 7 s o 25
Mk 5E 58 )5 . gk 4 fran. CNN. RCNN, Faster RC-
NN, YOLO DA B #1955 3 19 5F ¥ BSF {8 4 51 4 1. 91,

i bk, g KRR . ROBE DU SR . AR
T B MG IBR S H IX SRk  Jr . B R R SRR A /DN B AR A
PR R R85 2% 7 T S AL T S e 0 %

TA . R BT AR I Tk 0 B AR R AR, R A
TZIRH TAERMEMZL (ROC), R4 RME 4 xR, o
W, TEFHIF A RN, A SCIR B AR T R R &, TR
BT # ROC MR T 4 ik P Re L 2.

100 - =
80
7
]/
L 60}
[ !
ﬁ' '
=
5 40 -
® — CNN
; -=== RCNN
20 L 4 ——-Faster RCNN
]! YOLO
J /! Proposed
o L . 1 L
0 20 40 60 80 100
XD, /%
B4 ROC i Zk*f tb &
6 Z5RIE

B XA St SR T % R A /0 R A R R B —
B RG22 R RS HBE L, HAF SRR AL R 22 (8]
W SC R, FR PN Hbr. TR BT R, HHm
PR D THER R T AR . S Ak, B SIA
T R A, S R DA AN [ Y  AOEOR B
AN ERINE RN o N G PSP BUR (PN~ LB /4 PRl
BRI 7 . EER R LR TICR I S TR RIE RN
XFEFEAT I G, o2 AR W, 5 A A I J7 i A L
B2 T B0 D A A ) o JEE A I K R 5 Th A B R A

B E

(1] K&, P, B0, % BTFHEHZ U KE 25
XUGHIEPEHI55 /N B AR K (1], 20452 K %4k . 2020, 39
(4); 513 -522.

(2] BAl, ML, F8 i, %, BT 2L A M% M5/ E
Frke g g7 2 [J]. Je2k 2. 2020, 40 (13). 1310001 -

BB MU www. jsjclykz. com



% 63

BEOHR. SE. BIOURTSA S SRS R 8 /0 BRI 5 ik + 39 -

1310002.

(3] /R, Miarm. 5T 905 % R4 1 s & B Anf 43t [
BT AR . 2020, 43 (18): 107 - 111.

(4] Wik, R, ARG, B2 HmEprsesd [0
BT K224k . 2020 (3): 26 - 32.

(5] M, & )7, . X BB RCS BB 2R 58 R )%
b (U], BFlEHE AR, 2019, 42 (7). 59 -62.

[6] Bh— L. 272G HER 5T i B B 056 0 3% 0 £ R B 58 [D.
Ferg . IR k2E, 2019,

[7] F4e=, J7E%E. HF Contourlet J H AR 45 M 43 B 119 55 /N 1 51
Hbraz o [J]. 00 &t 5 428 2 4. 2019, 33 (3): 120
-125.

(8] skEia, A& 2, 251K, %. 3T EPNP Sk H L5 m
ERGW R [J]. a4 56 TR, 2019, 48 (5): 517001
- 517005.

[9] 75365, skEp, 8 2, & RTRAWKNES A&
Fk [J]. 6T 24, 2019, 48 (3): 315001.

[10] #&tnde, ¥ #5, RINE, % FHHEBEEFIREZHEH
Z HARGIN S IR g (1], 2045 3k g 2g 4k, 2019, 38
(2): 234 -244.

()% &, & B, 225, % KA\ T ETF DP-TBD
MEXTEHAREN [J). RELRSH THA, 2019, 41
(1): 43 - 49.

=

[12] HAMEL T, SAMSON C. Riccati observers for the nonstation-
ary PnP problem [J]. IEEE Tracsactions on Automatic Con-
trol, 2018, 63 (3): 726 —741.

[13] CAI M, LI1Z, SUN H, et al. Satellite pose estimation via sin-
gle perspective circle and line [J]. TEEE Transactions on Aer-
ospace and Electronic Systems, 2018, 54 (6): 3084 —3095.

[14] % g, B3 F, HRME. HLE0O6 A 27 90k 48 ) 25 61 4 R
gk [T Sb2eaa T, 2018, 26 (7). 1642 -1652.

(150 W/NEa. M T, 8K, HF U Faster RCNN By %5 o H
FRkei (1], S62:24R, 2018, 38 (6): 615001 ~ 615004,
(161 Xfams, ZFEH, GHER, % BETZRERBYKEMZ
FUOBE B — B 2050 /N 58 B AR R 5 vk (1], f= T4

2018, 39 (8): 1526 —1535.

[17] EF5H. Je T SVD 56 BR300 09 A A0 AR 08 W a5t [T,
WAL BL2A A, 2018, 40 (7TA) . 19 -21.

(18] iy, #ipcie, PRYGF. SFMEH RN ELSH
bk r ik 1], RETRSH THAR, 2018, 40 (6): 1227
-1232.

(197 8k %, FaE#F, SM4E, & P UKEMBE T2
BT E R ARSI B S M AR AN [J]. RETRE®
FHA, 2018, 41 (3): 586 -593.

[20] & $F, 2 g BEWIME, 5. R REILEEMEN A3 R
Rk L1, SR, 2018, 44 (3). 273 -277.

R39,239,229,239,239,239,293,099,239,293,093,239.239,293,039,939,293,093,239.299,293,939,239,093,099,239, 203,093,939, 209,293,939,239,299,039,939, 293,293,939, 299,293.,039,239,293,033,939.299,093,099,239,293.039

(R3S 33 30

[11] ARKIN E, YADIKAR N, MUHTAR Y. et al. A survey of
object detection based on CNN and transformer [C] //2021
IEEE 2nd International Conference on Pattern Recognition and
Machine Learning (PRML), TEEE, 2021. 99 - 108.

[12] & &, FMHE. 488 4 . 3 F 1% 4 K 1% 4 B3 % 0
YOLOv4 # K 2 R0 50 Jr vk BF 58 (I 3+ 5 A0 00 4 5 42 )
2022, 30 (7). 219 -225.

L13] MR2F, JEdRfE, T0Bt. & . 5T YOLOVS (i Jy 2 fff
PSR D0 S Y [0 RS AL & S . 2022, 30
(11). 77 -84.

[14] F 8, E M. ATk . 2 R R AE A 255 1600 Jr 12
. R EZ#R, 2022, 34 (6): 1219 -1229.

[15] SB5=FH, WM. B b, 2% . T e 8% 00 23S W4 I R i
AR R [T]. AL TR S N, 2022, 58 (6):
192 - 199.

[16] HOU Q, ZHOU D, FENG ]J. Coordinate attention for efficient
mobile network design [C] //Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition,
2021. 13713 -13722.

[17] TAN M, PANG R, LE Q V. EfficientDet ; Scalable and effi-
cient object detection [ C] //Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition,
2020 10781 -10790.

[18] LIU S, QI L., QIN H, et al. Path aggregation network for in-
stance segmentation [ C] //Proceedings of the IEEE Confer-
ence on Computer Vision and Pattern Recognition, 2018 8759
—8768.

[19] HU J, SHEN L, SUN G. Squeeze-and-excitation networks
[C] //Proceedings of the IEEE Conference on Computer Vi-
sion and Pattern Recognition, New York: IEEE Press, 2018:
7132 - 7141.

[20] WOO'S, PARKJ, LEEJY, et al. Cham: Convolutional block
attention module [ C] //Proceedings of the European Confer-
ence on Computer Vision (ECCV), 2018. 3 -19.

[21] E# ), BFEE, K¥EIF, % . ECA-Net: Efficient channel
attention for deep convolutional neural networks [ C] //Pro-
ceedings of the 2020 IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition, 2020. 11534 —11542.

[22] LIN T Y. DOLLAR P, GIRSHICKR, et al. Feature pyramid
networks for object detection [C] //2017 IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), IEEE
Computer Society, 2017.

[23] LIU W, ANGUELOV D, ERHAN D, et al. SSD: single shot
multi-Box detector [C] //European Conference on Computer
Vision, 2016. 21 -37.

[24] WANG C Y, BOCHKOVSKIY A, LIAO H Y M. Scaled-
YOLOWV4 : scaling cross stage partial network [C] //Proceed-
ings of 2021 IEEE/CVF Conference on Computer Vision and
Pattern Recognition, 2021: 13024 —13033.

[25] MA N, ZHANG X, ZHENG H T, et al. ShuffleNet V2.
practical guidelines for efficient CNN architecture design
[C] //European Conference on Computer Vision, Springer,
Cham, 2018.

[26] HOWARD A, SANDLER M, CHEN B, et al. Searching for
mobileNetV3 [ C] //2019 IEEE/CVF International Confer-
ence on Computer Vision (ICCV), 2019. 1314 - 1324.

BB MU www. jsjclykz. com



