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Shape-adaptive label assignment for oriented
object detection network

Ren Wang, Wu Bin, Yu Changhong, Zeng Wenjie
School of Information and Electronic Engineering, Zhejiang Gongshang University, Hangzhou 310018, China

Abstract: To address the issue of insufficient learning caused by the lack of positive samples for large aspect ratio tar-
gets in remote sensing images, a shape-adaptive label assignment network for oriented object detection (SALANet)
was proposed. Firstly, an aspect ratio sensitivity coefficient was introduced to establish a dynamic mapping relation-
ship between target geometric features and the number of positive samples, alleviating the sample distribution imbal-
ance caused by fixed allocation rules in traditional methods. Secondly, an adaptive label assignment strategy was de-
signed to prioritize high-quality positive samples through intersection over union (IoU) ranking. Finally, a central axis
prior was proposed, extending the circular central prior region to a rectangular region along the target’s central axis,
thereby enhancing the geometric feature representation capability for large aspect ratio targets. Comparative experi-
ments on the DOTAv1.0 and HRSC2016 datasets demonstrated that SALANet achieved mAP scores of 0.777 1 and
0.932 3, respectively, representing improvements of 8.15% and 2.87% over the baseline method Rol Transformer.

Key words: remote sensing image, oriented object detection, large aspect ratio target, shape-adaptive label assign-

ment, central axis prior
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SO I BRI R S HE . REEETIRE S I E
FRAI J7 9 Chn B BE () Faster R-CNNUAT 8y
B YOLOP &£ %)) 18 A4k 5t h U B35,
BB N H TR S A = E A O PhiR . 12
B e N RIERER I E 1 R

(1) ZREEVEEHE, R 2Rk N,

(2) RHYBELLEAS Cnfisfn. 2% s
b R 5 1.

(3) FEET7 M) 73 AT T BUE G K HE RN 77 A
TURT 5IX

DRI, R REEUR IR B AN 7R s & H 2 R
KRG EE SAT 27 1R AR BRI, Bt LTI
BRI, DL AL 2R R BRI R

B T R8RS B AR I 77 AR e 5 SO A
BAMRKPALIE, V1284 B Akl ik
8 % e % X 2 I M 2% (rotation region proposal
network, RRPN) 14 A ) 450 % 1 fE A8, 38
IEIGIN 2 A FEFRCHAEREAT IO, (HAZ 7 R
KEMES HIPERE AR R & . ik, STRR[S)
BT e 5 B % R [X 3 (rotated region of interest,
RRoD) % >)#fsishk, HH 7] 32 T A8 A S Ui 4 A
AHRFAE, R A RO EE T SCER[6]42 H
INSHOER IR FEIATAE, @i WA 4 AT 5
TR AR R T S 5 B 400 2K B AR JEE AN 3 8 ) R
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BT

SCER[ 713 — 2 \ SR AR S S HR IR
%, EORFR IR HERS LI A, K Rl 0 S 508 %
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T HA & RO AE D RE A B 4 B 3h A e S AR
KA AT H bR e /1 5

BEXT R EL B AR A Z R A R i) @,
FEN B MARZE 50 B S s N SR ITFRF 7t 2 T4
A RIS I 7 2% 368 AR 0 A A 5 Ay HE S ) () 52 I
tt Cintersection over union, IoU) HEATARZE/ AL,
2 ToU 8 3 ¥ 2 B H () S AE B, B b e N IE R
AU A TN 7R A B 2 . T A T
L ) SR R K AR T HE A R AR RUUE O IR
AU IR, KRG H AR A 13 AR AL B g
S, T TIE SO R 5 R AR AE 53 BC T7 V45 )
FERHPRELL HFRFEAAN R, & SAEA 10 A
), RIS LU RR f E AG ERk fn F 2
o AL, WFFRFARE H BB ARAES)BC SN AR
NG R Blan, SCER[141HR4E H A5 5t i 4k
A HE ToU BIME , AT I& N s 0 128 I 25k
A SCHR[1519¢ th 3h 25 i bR 25 70 Bl g, B
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R SCHER[16]0 5] A VT FC B2 & A ToU KAl & 4
MEMDERAG R, FFHR L BCAREE: SCBR[17]42
WU AR 73 FE A, Dy H AR 23 e e K S A ToU
A s SCHR[18]3H 1 Bh A A A K] 7 5 B 5 10
1, fif AR AR BRER S 4 28 5 AR 5 1A — B
PRIR) R SCHER[ 197458 I e 37 20 A A B A A% i 70
e 5 MRS R B 0 A R R A, SR TR I A

(o) TRF- A SHICARE 5
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BRI, EEx HARZ R KRB EEATT AT
P R A AN ) 1), TR & AR
2543 1) 28 %A 1) H An sl 4% (shape-adaptive
label assignment for oriented object detection net-
work, SALANet) MFEAR 7 FEANI 5 F1 ) LA RALE
AR5 AT Bt H STk R

(1) WL R L BUK & (aspect ratio sensitive
ky ARSK) At & W i A AR L H w
it BOREA SR, AT A IR A B H A ]
AR AN 1 7] 7L

(2) Wil BIE MRS EL 5 BG (adaptive la-
bel assignment strategy, ALAS), J#idX IoU 4T
42 S B IE A

(3) KHAHLHEE (center axis prior, CAP)
U AN A FEARART (8 F b 388 i e v ot 2
FEA, FESG R KRB L H AR A AERAEBE 1 K [R]
I, RIS ).

1 ETHREENFENIERERE
MBI

1.1 1RBERESR
SALANet (IR RIMELE U 1A 3 Frars . iz Y
BLHUUR SAMZ OB e B T%% (backbone)
WAL 4 7S N4 (feature pyramid network, FPND.
X 4 $2 1L 2% (region proposal network, RPN) .
ALAS FIAGIL (head). B 56, H TMZ 53T M
N BRI I R IR AFAE,  FPN X IX LERFAE
BEATREE, PAMGSRZ RUZHFER RIS RE/): RPN
BT RG 5 BRHIE A B AR 5% X 4, ARSK
PR S B AR AEE LS BT EaAN BisrH&
FEA SR, @ AR L BUR R, I RA
[FTAR ) H AR A Re SRAHE B I IEFEAS, S IR AT
AT AT ) @, ALAS BEHARIE A A% H
AN R G R PO R = o N LW 11 R 2 e /v
XIS BC R AIARRE, W OREEAS H A5 BE % 3R B = oL
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19N ResNet+FPN WL RPN

EERE ZEEER

€3 SALANet [ HE 22

7 X 2 M (consistency, availability, partition
tolerance, CAP) 73 HT £ 3 Fl il HE FH 52 S AE ) A7
BRAR, R A oG BRI O Bl DX 3
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1.2 YHEEEBUR kbt

SimOTA"™ i Vi th 2h 25 kAl it U7k, @
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Ko XA K Z S [F] 5 BUE A RCE 7 A A
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BExs Bk i) L, ASCEE 5N UK R

B ZNAS kAB A TH SRR REAT gk, DUKG IR A
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Kl 4bniE TARALHT S I ToU 2R 0384, SR 8UH
AFRA G KRPRELL BRI I ToU SRAEE .

q*:(1+s;1)xq D
Hr, g —MIGZH, HT0hE RRER K ToU
B RN E, o NP LBUR RS, TR
g [, IR HRE L B AR IO IERE AR SR, ol
/N, RN H BRI LA A i) SR D R
s AR B FRARELL, @ SO KL SRR,
LU

o max (G,,,G}) 2)
min(G,,G))

He, G, R HseFHERI S, Gy Rom Bk
Jre e HE A R L



Mr5HF% 152 -
APESSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSIN A
(] \I |
|
1| GT(s=1) 095 | 092 | 085 | 073 | 0.62 | 0.58 0.55 | 043 | 032 | 018 | :
| I
2 . !
I L |
(] |
{1 GT(s=2) | 080 | 076 | 0.64 [ 052 | 043 | 041 | 035 | 025 | 022 | 0.8 | 015 | 0.12 :
I |
[ L |
! |
: ] GT,(s=3) 0.60 | 052 | 044 | 038 | 032 | 028 022 | 020 | 0.18 016 | 012 | 008 | 003 | 002 ||

|
|

\\‘\ ______________________________________________________ )

Iq IoU 1‘1*

s T T TTTT T TSI T T T T N oSS T TSI N\
1 1 I 1
| |
| GTG=D | 613 GTs=1) | ¢ | | GT6=D | 613 GTGs=1 | ¢ |1
i : i |
| | | |
| GT(s=2) | 456 |:> 6T =2 | 4 |! ﬂ[]:\'> | GT(5=2) | 483 [> GT=2) | 5 |
| |
i | i |
| I | |
| GT(s=3) | 330 GT,(s =3) 3 ; | GT,(s=3) | 355 GT,(s=3) 4 !
l\ /, l\ /’

K4 ARSKARALRT G FEXT L

1.3 BENARZDECREG
HT AN R U LE A 1) PR AE 5 o 22 T]
MIVEECRE FEAFAE 22 5, FLAE Bl VA 55 Th 1) SE L g

HEAFAFET, Ak, AR ALAS, Hi%
O AR A REAS H AR I 3 v o B AR (B AE A Dy I

FEA. A B BA NAS B ESS FHE, 3
NGy HPHIADNHRBRALLAIENG=

(ci),c(y W ()h(l angle(i)), JEIT RPN AR % M T

WFHE, APy} Ferb s AT FHERN Pi=
() . (J) h(j)

J
(CEC ),Cy 7W 2

, angle(j) ), Ky A ARSK BB 1157

IEEAS H AR BT R AR S

ALAS bR Fld FEan i 5 fros,  HdrToU
HFE N AREAS H bR AT #EHE R ToU, HEZHEFE N
T B bR B REARAE ToU B 7 HE 7, 80H
RBR—MFERP B Z A HAR I RAB L, IR
EIARF RGN IR, BACOD IR W 1

________________ - N
e ToUKilE N 4 43 B4 |
I | I
| Py PP, P P, | : |
i1, | 0 [02[07]0s o3|} 1 o, % lsle :
| | // I
:GTI 0 07]02]03 0.2 | | a, ,// AN i
|
j03foafoz| - Jos| 1} G, -. !
- 4 \ _______________ 7
G LR
_____ Y ,’_______‘g_%g______-\ AT, V)
ERARR | | HE i BE ] | A3 2 hRas | | SERTRI L |
| |
| [ Po Pl Pz P3 Pm | : | | GTO |
| | | | | o S (R ER
|-:GT0|m 10 1 2 Sll»l GTO%P3IP7|PIS%PM|I«I GT |
| | 1 |
| ~ 483
| : GTII m | 1 216 8 l | : GT, P, % P14|P106% | : (s=2) |
' | ! [ : i GT, '
: ,GTz[mls{z‘sl I 1“ i GTZPIM P, |7, 1 Lo
~ o __7 \_ . _____—-__- > \ oo .____ ‘= /

EI5  ALAS [F#R%5 5 fic i 72



- 153 -

BERNE 2026 FE 2 HA

2 M T AR H bR G AR 0 32 FHAE P Y
ToUSERE, R (3) FiR, M ToU {2k ik P i
G R RERE, X TR G Bhik A% T K 1T
MAEAE N FLIEREA . SRT, AL4ER)3E T i K ToU
¥ 7 e SN A2 AL BEHUIARE 5 2 H br BRI (i
Py M P33), 2 FEERIETTE H LS 315 IE#E
A, kBN ER AR B H R AR A SRR A 2
7] o

Area(G,ﬂPj)
" Area(G,»uP_,)

N EIR A, ALAS MAIEIE T, %k
Kl HE 7> e 2e HE 4 BERERT A H AR ks Po ARG
HES GTo) s A Z D AFIHEAHE, MR YE
TRIAE 5 H#5 ) Top IoU B AT 70 HE (ks Pas AR
Je M BLs GT o fESEILEFEH, Top loU fHEUK
M H AR R Iz BT B A B2 R R
FEA, [Hit, D056 % Top IoU fE /N H FR HIFR
B ML AEIEHE, DR Al S 2R
HEAZFERE R A e BRE A, B AR BRI
AEE 5 H KAEMILES, AT EE & B 7y FE 1R R
AAR%E, BOREEA HARIRAS BRI IERE AR T
k. HENFRZE IR IMEE R,

BE1 H@ENRE L R

WA HARES Gy TUELRS Py, HiAR
(RIS LE BBURK kAl T 4R 5 Ky

Wl EREAES P ARALEEN

for G; € Gy, P; € Py do:
IoU[i][j] _ Area(G,ﬂP_,) :

Area(G,»tu)

IoU JdoUel0,] (3

end for
forG; € Gy do:

Rank[i] =sort(IoU;);

P;=top (Rank[i], round(K y[z]) );
end for

for P; € Py, do:

ifP,—G,.G, do:
if Rank[m][j] == Rank[#][/] do:
P;—»min(K,.K,);
else:

P_,-—)max(Rank[m][j},Rank

(][]}
end if
end if
end for
for G; € Gy do:
if sum (P;) <Ky[i]do:
MRank[i]FIEFE T Poex IA P
end if
end for
N=Py-P
return PN
1.4 bk
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RESR ML HARHRIE AL BAE ., TOIEA Ut
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ics processing unit, GPU) i+ & &, EHE Intel
Xeon Platinum 8369B 4t # 2% (341 2.90 GHz) .
AT RIEFET Ubuntu 20.04 LTS 5245, #HEPy-
Torch 1.11.0AESESEHLA Y, CUDA 11.3#24E GPU
D SCHF . b, A AI#E DOTA FTHRSC2016
Kol A b7 Sz .

21 ZLHBH

A K H #E TmageNet _E 79Il 5 ) ResNet-50
ERNET M. g, RABEYLELE %
(stochastic gradient descent, SGD) fifb#s, fEH
B A10 GPU b Atk K /N Ry 2 AT I 5o

BEXF DOTA HdE S 1 K RF BIHR, A SCRH
R 5% R E s, Ry El s,
VB E E 7 2 D)4 1 024x1 02418 5
HIv) e, WEEE KON 82415 %, HIAHAR G B
HE XN 20018 %, 4ifEEcn 1. 2 RES
b, SRAAER T 2K B 751 024x1 02445
ZXNMGTI A, BKOAS24EER, FFE0S. 1AI2
K3 REE B AT BB 4T IR ie ok 12,
PR 3 Y AN By & 73 9] ¥ B D 0.000 1 F10.9, 146
IR 0.01, FELERE IR ] R IE N B A S5k
(171710 IZREMIGUEER TR, HAR%
R TR . 75 DOTA $¥5 4 L, R H mAPs,
(IoU BI{H M 0.5) 1E ANV 48R, P 45 R4
1L DOTA B 77 PFAl IR 55 2 5k«

XF T HRSC2016 #i#E 4, TREFEME R UG A
EEANAS, K JE I N 80015 %, KILMREINA
Mt 133318 % . R ECN 36, WIMRY )%
BB N 0.005, FFTES 24 50 R EE 33 FE A 2 3] %

B S SR 4 1/10 I S5 A R 36 0 4 T 45 2 9
Y, HARHHEM T, 75 HRSC2016 % 4
b, RHCF¥IFEEEIIME (mean average precision,
mAP) E ke kS FE PN 4R b o
2.2 XfHEsEE

JNATH VP4l SALANet (114 g, ASCHE HRSC
2016 %45 52 A DOTA 4 55 B #EAT 1 % EE 5256
AN[F) 75 15 1E HRSC2016 %40 45 F1 DOTA #4541
fksr il 285 SR 73 W3R 1. % 2. 7E HRSC2016 %4l
fi b, K SALANet 5 5F 3 3705 i) H A5 K0 77 2
BEATXTEE; fE DOTA #idiE b, W5 8 Bl kit
XFEe. A, R-50 %7~ 50 2% Z MW 4% (ResNet-
500, R-101 3875 101 ZhkZ M 4% (ResNet-101),
H-104 & 7x 104 2 ¥ Js M 4% (Hourglass-104) ,
DLA-34 % 7R 34 ZIRZE G M4 (deep layer ag-
gregation), VIT 37 vision Transformer (Y44, 3£ 1
FNEE 2 BRI B R R s AR T

#1 TEFFZEEHRSC2016 HiEE LHIENILER

Jrik: HFTME  mAP (07)  mAP (12)
RRPN™ R-101 0.790 8 0.856 4
S*ANet!"! R-50 0.8316 0.897 5
DAL R-50 0.8322 0.899 0
Rol Transformer' R-101 0.862 0 0.903 6
Gliding Vertes!® R-101 0.882 0 —
SALANet R-101 0.8750 0.9323

HRSC2016 #4542 i 75 b Tl K2 T
2016 4 & A 28 FF AR 328 18 TR A% A0 A A 00 80 9 42
12 1 7] &1, SALANet 7E % A8 b5 b 43 il ik )
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#=2 AEFEEDOTAMIBE FaynLE
. AFEZEH 1 mAP
1k &Z; HERE  MRR MG KRR M BRE EES B0 dekok EF§L mAP
(BD) (BR) (SV) (LV) (SH) (BC) (ST (HA) (SP) (HC)
TENet!'"! R-50 0.7138 0.3426 0.6378 0.6563 0.7161 0.7107 0.7363 0.4807 0.6053 0.4953 0.6124
Rol Transformer*®®)  R-101 0.7852 0.4344 0.6881 0.7368 0.8359 0.7727 0.8146 0.628 3 0.5893 0.476 7 0.695 6
DAL R-50 0.7969 0.4627 0.6589 0.7610 0.7853 0.7998 0.7841 0.6923 0.7132 0.6065 0.711 8
O’DETR*!'"! R-50 0.7592 04602 0.7970 0.7993 0.8917 0.8119 0.7600 0.6422 0.6580 0.5896 0.7215
F-O’DETR™! R-50 0.8191 0.5120 0.7764 0.8047 0.8784 0.8456 0.8168 0.6750 0.6428 0.6215 0.7447
DAL R-101 0.7919 0.5217 0.7908 0.7810 0.8679 0.8453 0.8373 0.7250 0.7039 0.5384 0.747 4
AOPG!" R-101 0.8274 0.5187 0.776 5 0.8242 0.8808 0.8626 0.8513 0.7405 0.6776 0.5877 0.753 9
TCHEHE Transformer™  VIT  0.7934 0.5691 0.7853 0.8429 0.8993 0.8656 0.8360 0.6589 0.6963 0.6459 0.758 3
SALANet R-50 0.8297 04905 0.7526 0.7642 0.8784 0.8608 0.8550 0.6705 0.71 14 0.5549 0.7392
SALANet* R-50 0.8335 0.5537 0.7832 0.7974 0.8830 0.8489 0.8541 0.7608 0.7149 0.6880 0.772 5
SALANet R-101 0.8195 0.5173 0.7444 0.7898 0.8611 0.8634 0.8501 0.7528 0.6606 0.5338 0.744 5
SALANet* R-101 0.8312 0.5653 0.7835 0.8431 0.8872 0.8662 0.8623 0.7565 0.7322 0.6503 0.777 1
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