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LWL PR — AR T RS i ib 55 B4 AE R 18 T AT ad £ R BAL B AR ik (HQ-S*ANet) , # )
EFE AN (SEA) WAL R X AW R BT R BRI, I A IFE 2B X R A4
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A B AL S b5 5 MU AR AR HE B T A% S JEA A A F A B (HQFPN) | ARIEAK B 20 F A2 B A5 B89
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AEIE Bt % (MaxloUAssigner HQ) , i@ it 20 B F 42 5 864 AAL 5 Be , EARIE B wl R0 F B, B b AR
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UGRS3, RS0k B TE W A 5L 4L
PEAE LRI R R DU M R, (2 th T2 i 5
HAEAE HAR USRS R4 T AT R B R R 4y
M A 8 S 25 N, Ok I R B R AT M L
A R IGE I8 5 rh BRI 40 07 B RRIE B T R Y
B UE R, SRRSO G R B w1

TR IR N HARRBIRE T, % 18 3 5%
BUG EARAE A7 1] (AN 2 1 | AR SR X R RS
ARG/ B SR S BT A ) R A T Ik
JHI A fof 5 R0 A 32 D 174 328 JRR (RS I A I 30 7%
FETAE T . OFEFRAE Al -G 1 R B )
HL(SEA) | Fi R R ARG 38 1] G 3R 114 [) Bof 47 JRe A 7 )k
DK, SC 3 H AR 4 JR ) 56 ZR A ; i o 7 Bk
St A MR LAY K B AR 7E BRI 7 L, A %
HILEARARFAE 4 5738 (HQFPN) 58 U4 fE Al & , HQFPN
TR A I R R R R A B RS B
o LSRR A R SR AR (EN_ DilatedConv ) |, 35 /0
TR BRI R I A0 7 ERRAE A R R AL 5
FEAF Rl A & P AR FE S A A B B R 1
[R]85 B Ry B S 00 A A3 LA AE o, >R FH v Jo Bl
HEPC AR5 92: ( MaxloUAssigner HQ) , ZEARIE A [
[ B, kIR S5 e 0 DC 9 ™ A

1 S’ANet Birt@ME %

S?ANet HE 7Y (1 SARMEZL AN ] 1 s, AR 7Y
{#F ResNet50 "/ A51He Aiy A FUMGARBURRAE , 575 FH
A RRIE T SRR 22 ) RS A B 21 b i) H ArAs ]
Sk O 265 A= S B Y0 300 SR HE S I ) A B e
FHAER R B M ] (NMS) Fii e 45 5 . FAM Bk g
AL LS (ARN) B 55 B FUZ (ACL) 41, ARN
ST AR T W2 | P R 53 28 0 S R R 43S A
Wo BT80SR A A A3 R AS [R5 T U 43 52
BT RS20 AL Ay 5 T B A HE . Ol T RS 4

HXWX32 HXWXC

[ Cs 7 HXWXS5
[ ¥Ps f——Head
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e -
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C HXWx256 ARF
2 HX X256 HXWXS
ET ML ViR

1 S*ANet 4514

PR | B BSR40 S, B T30 el
(5] = 3 X5 55 4 AL ( AlignConv ) H SRR B
BAEEE ML R, = | (r,,r,) | X5 ASRE
X SRAE, SR 5 A 0 SR REAB A I, B n R =
[(=1,1),(=1,0),,(0,1),(1,1) | FREER/N
K3 x 3,0 13 TFHEASIER Y FiEA p e
R, REENAGTE AN
Y(p)= ZRW<r> -X(p +r) (1)
RN 5 B X 5 A IR B 0,
Y(p)= DX W(r) - X(p+r+0) (2)

XFTFAOLE p, I B O TR T R A
I8 TR RCRFENLE (p + r) 1 p B FAE R
AH(x+w+h+0), T re R FETHHRERRFE
(VA= SEIE )

;1 1 T
L :K(x +(@,h) - R'(6) e
s b RN ERLRAN ;S AR K, Horp
R(6) = (cosh, —sinf;sind,cosb) " NIEFEFE G p 1
E R E I O AT RIR A
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FFAE

&l 2a) 5 5d 2D A AR TR AR I SR A
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B Zat A EE A A W R AE S J5, FH
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A= softmax(

S=VA (6)
H S [n] & reshape o = 4EFFME ] f )5, 4850 ECA
SEALIEE ) DG A, 5 AR 1] 8 T add 5 4E1S
F| SEA #EH Y f HHRRAE Z,
Z = ECA(reshape(VA) + X) (7)
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hae FAR B AR R AR 2 AT RS 0 0 8
FAF B SRAFIE & T3 Al A ROR Mt BT b #%
o BEERFIEAL 6 2B G I RS B R R B W
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WrE Ttk R 2 TR T Ll s
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FRIEAE S I (10U) |, AR 40 150 5 4 1 1E R AR I 72
FEAS [}y T A 4 A o G k. AE TR 2% i
S? ANet 14 10U {ELfIK T G R A (5 {5 19 4 A 0 52 Sk 71
FEAR NS S5 SChREMERYIC D, R T as 18 B R
B EPRREE/N SR, MU ZRaii =4 5 2 1
FC 5 8 D i 25 22 W, 350 DRI AN R 6%
AR T I BOKG B AR, G JS Y S” ANet
TP AR, AR e A HE AL 2 5 B IAR T AE (1 DT
Be, EAORUE T A % (H—E B LSBT E
R,

Ayttt Qg
I=]|: : (14)
Qg 0 Qg

G, = [max(a;) ,max(ay), - ,max(ag;) | (15)

G, =] e (16)
A= [max(a’il)’max(aiz)"“’max(am)] (17)
Ai = [il,iz"“’ih’] (18)

B R H BUEHE ( Anchor) NI, G b ELSEARTEHE
AE, FEFE T 0 SR 28 A BURAE 50 I 5L SE AR T AE
I0UH, G, ICsk HEHRIEHE S Anchor 5 K IOU
{H,G, ic X Anchor IR 5|, Aif% Anchor 5 E
SEARMERE AR TOU {H, A, 18 580 N L SE AR T HE 1)
Kolo WA BUHE 5 B AR HEXT Ut 2% G
R AR 2 , 25 /N T SRR AS B, DB 3l o0 i
50 HE LR ENE TCAT & BORBE . IR S 158
I3 FLHREAE AR o BB AE | R BCH [ 3t ik, R
fif eIk — [1] {81, MaxloUAssigner % %2 1EFEAS B {5 T
MR, 47 10U /N T SAEAS BB (H 2 R T IEFEA (B T
FR, DA R 53 D 5 IR B AE 55 00 I LS
HHEMGITRC,

HY T3 R R 4 B A 0 A B 4 B AE 25
HZANRL A IR EES, BT — - 8itE
H AV —AHL S5 FEHE 58 L VC BT, 5 5T 15 DC fic if
RESS WINPT S A AE AT 5 . A S ATA HE 0 5 K 10U
B I ) LS AR T HE S8 BUVE I, @) R LS AR T AE
K5l ,m A Anchor &5/,

R,[i] =G,[m] (19)
ALGIm]] =i (20)

W7 55 — B SRR TEAE A oK 10U o 5%

HEHEAZ A5 211

R,[j] =G[n] (21)

G,[n] =G,[m] (22)
jlidiN)

AlG[m]] =j (23)

VLRC 10U R TIZFEA BIE, 3305 IZH#HE 10U
IRORBY IR EAE @ RS hy j, X ER I T
10U {EHAR M B SEARTEAE , £ 2 T RE N AREAS, 2L
BATAE D J5C o i 5 AR, 2 0 i RUAEE [l 5T A R o324 G
PTG BE , BEXT DL B R AR SCHE H Max-
TIoUAssigner_ HQ 1= it i B HEVC L 777 .

FE1H MaxloUAssigner_ HQ R IEAN i R
ELSEARTAE 43 C H: TOU 5 B AE B3 5 6 501 1
P, #71% 10U {8 Bl HE 5 FSChR i HE ST B
PN ENEWZRUN I S S N W ESE S N X 6=
{8, MEME/NTH BN 7R, SR lic &4, 4K F
R T WA DERE 38 5 R 1 PR DL C Y
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#& 1 MaxloUAssigner HQ &% {h{X#g
MaxloUAssigner HQ 551
WA i/ BIAREHERS]

G,[ ]/ EIFREHESGEHENR ToU

G.[] / X isHEZR S|

AL // GlHE S BLIRRIERERY ToU

A ] /) BESARERERS]

n /) ELSARIHEAEL

Bt R[]/ BAES BLSChR I AE DL ACLs

1. whilei < n

2. if G,[i] > min_ pos
3: ifG,[i] == A[G,[i]] / SiZHHERK
10U fH1E Lh#
4: R, [i] = A(G,[i]) / Al FLVFILRL
5. else if A[G,[i]] - G,[i]

< = value // ZE{H/NTH B 7 ALVFIC T
6: R,[i] = A(G,[i])
7. end if
8: i+t
9: end if

10. end while
11; return R, [ ]

3 ZWERSHN

3.1 HEFEES5ITMIER

SR Sl i 7 S Sl O O -l e
DOTAV1.0 $¥fs 4 b #4756 UE . DOTA 4l 2ok IR
B E ARG T 5, 46 Google Earth JL-1 13
B8, DA b BT R TR A N ot 1 GF-2
TR, BRI 2 806 RATHAK, &k K%
(915 % R HHE 800x800 F 4 000x4 000 H97E FEl Py,
A5 AN TR RUBE 5 [l RO IR 0 90 14 2 0l 6 4%
plane , baseball-diamond , bridge , ground-t-field , small-
vehicle, large-vehicle, ship, tennis-court, basketball-
court, storage-tank, soccer-ball-field, roundabout,
harbor , swimming-pool , helicopter, H F DOTA i
RN TR bR 28 S AR S8 R B 5 45
FEWGESATIN R, A BCE IR, R0 B 7 Rk
PR 4R o ik 5 5 X AR TE AR TR BT o SR

mAP VERN I EPR
32 ERMERSHIRE

SCER IR A Ubuntul8.04, Pytorch RRAS A 1.8.1,
JIR 45 #$ A8 4150 > NVIDIA RTX3070( 8GB A7)
45, Inter core i5 AbFRES,

ARSCRHIH) DOTA $ieffadl b G oy B A vh 7
800x800 F 4 000x4 000 [ N, #5 ELHEH K53 B
=LA PNEE ST €216 SUp NG A R
T AT, Zoad SEI, K A oy BER I 2 048 %
2 048)5 , M TCIETE M (R IR 3% T isfT, #5750 ¥F
b/ B BT A SRR | 28 T0 R AR R
{1872 ) (A7 B B 1 SCAR R e T - 38 o) 2% A ) 44
RE T I . HIOAS SO B B b 1 R AT B R A
KA HEE 7 #8351 024x1 024 1Y+
Kl SEsa i ARG 1024x1 024, iy TRE(E:
I 24, 15 B batch_size i 2, FI IR 2% 2 RiX K
0.002 5, i i% A 0.9, FHEEHLERE T B (SGD) 11
flds . 75 TEE R 46 A SR 52 B Sl 7 1B A6
RIS G B K 2k Epochs B4 20, I ki
e 55—~ Epoch i F Warmup 3356 R T FiL#; i
RO AE S A NMS Sk T AL
33 HBROW

K7 /R T S*ANet 5 HQ-S*ANet 7 DOTA 1%
VR R e TTol iU il A S ES N S e B 3 5L
JE AR T R, R 28 A3 S AE R X R RO T, R
A H AR HES B RS/ AR A R 2 A T
AR R 5. S*ANet 23 ) 30 A6 28 3 15 A 19 [
L, S*ANet X} 7a) 76 RT 8/ R AN 8 45
GTER Te) o Z0ms A MR 4 B AR B T RS
e EE S ARSI A [R) R T HQ-S® ANet sk T 348 ] fE
IR,

B UE i S Rk Y MERE 7] oI B kAT
SEH JERT LG T SCH AL DL R HoA S HE R AL, 4
2 2 P, 250535 PL: plane, BD : baseball-di-
amond , BR ; bridge , GTF ; ground-t-field, SV ; small-ve-
hicle, LV large-vehicle, SH: ship, TC: tennis-court,
BC: basketball-court, ST storage-tank, SBF: soccer-
ball-field, RA ; roundabout, HA ; harbor, SP ; swimming-
pool ,HC ; helicopter,
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2 d) HQ-S’ANetifl{] 2

e’ &

O AR b) HQ-SANetiflf 1 O %

7 DOTA s #4624

%2 HQ-S’ANet 5H M5t #E A7 DOTA % FHMEE LR %
A PL BD BR GIF SV LV SH TC BC ST SBF RA HA SP HC mAP
SASM!'®! 89.00 72.10 47.30 67.30 59.00 75.10 77.70 90.00 59.60 68.20 40.80 62.00 71.40 56.20 31.20 64.50
CSL™ 88.30 75.90 40.70 67.60 66.60 71.40 78.60 90.50 57.70 60.80 49.70 66.70 59.80 53.40 44.70 64.80

Rotated_repoint™  89.30 73.50 37.10 50.40 60.70 58.60 75.80 87.80 52.30 66.30 47.60 63.20 55.00 54.00 23.00 59.60
Rotated_CFA™" 89.20 75.20 47.90 70.90 71.40 78.00 88.40 90.10 56.20 68.90 46.90 60.80 68.20 54.70 43.40 67.30
Rotated_retinanet 88.70 76.40 39.70 69.20 65.30 71.20 77.70 90.60 68.40 60.60 51.60 63.10 61.10 51.30 49.30 65.70
Rotated_atss'? 89.50 76.20 46.50 72.20 64.00 75.50 83.10 90.70 65.50 67.40 52.30 63.80 63.60 58.80 51.00 68.00

S* ANet 89.60 75.10 48.10 69.70 67.70 78.60 86.20 90.70 66.50 69.20 54.90 65.30 65.20 56.80 39.60 68.20

HQ-S*ANet(A<3C)  89.40 77.40 48.00 72.00 73.20 81.70 88.40 90.60 69.20 70.20 57.00 66.10 71.60 58.00 56.90 71.30

£ DOTA # 4 % |, HQ-S*ANet [X] mAP &
71.3% , 5 Bk S*ANet A5 FEH LR 5 3.1%, 5
Rotated_atss B 740 HE 32 5 3.3%, Rotated_ retinanet
K5 B4 65.70% . Rotated_ CFA ¥ B 4 67.30% , %34
2 BB R HAS I PL, BR X200 8 M F i HL H
PR NG H g B bR, (HXT TR 4L BbR, 40 SV, HoKG B
AR, MR EEXT SV, HC X201 % 5 /N HAR IR
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Remote sensing target detection algorithm based on
perceptual extension and anchor frame best-fit matching

HONG Wei', ZHAO Xiangmo®, WANG Peng’, LI Xiaoyan®,
DI Ruohai®, LYU Zhigang’, WANG Chu’

1.School of Ordnance Science and Technological, Xi’an Technological University, Xi'an 710021, China;
2.School of Electronic Information Engineering, Xi’an Technological University, Xi’an 710021, China;
3.Development Planning Service, Xi’'an Technological University, Xi’an 710021, China

Abstract; Aiming at the small imaging, complex background and crowded distribution of remote sensing image tar-
gets, a remote sensing image target detection algorithm ( HQ-S’ANet) based on perceptual extension and anchor
frame optimal matching is proposed by using the rotating target detection method S*ANet as a baseline network.
Firstly, a cooperative attention( SEA) module is built to capture the relationship among the feature pixels when ex-
tending the model perception area to realize the relationship modeling between the target and the global. Secondly,
the feature pyramid (FPN) feature fusion process is improved to form a perceptual extension feature pyramid mod-
ule (HQFPN) , which guarantees the low-level detail position information in the down sampling process when ex-
tending the perception area to enhance the model information capturing capability. Finally, a high-quality anchor
frame is used to detect the target by using the high quality anchor frame as the baseline network. The high-quality
anchor frame matching method ( MaxloUAssigner_HQ) is used to control the anchor frame truth value assignment by
using a constant factor to ensure the recall rate while preventing the generation of low-quality anchor frame matc-
hing. The experimental results show that, under the DOTA dataset, the average accuracy(mAP) of HQ-S*ANet is
improved by 3.1% , the parameters number increased by only 2.61M and the average recall(recall) is improved by
1.6% compared with the S*ANet algorithm, and the present algorithm effectively enhances the detection capability

of the remote sensing image target.

Keywords: remote sensing image; feature fusion; anchor frame; rotation detection
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