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- IERERNEX TR :
= OpenCVESXGE & (XY, Woehoo O00), B, € [-90,0)

. ‘Kiﬂfﬁ%}\jﬁ : (X’y7 Wle’hle’ele)7 eIe S [_90’9())

. 5?5@9&%\ :

Doc(woc, hoc, Ooc 3 Woce 2 hoc

B )
Dle (wle, hl67 916) - { Doc(hoca Woc, 906 + 900)-, otherwise

. Dle(wle;hle70le), 0[6 € [—900,00)
Doc(wom hoc; 906) = { Dle(hle, Wie, Ole — 900)’ i herwise




Area of Overlap

loU=

Area of Union
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Algorithm 1 IoU computation

1: Input: Rectangles R, Rs, ..., Ry
2: IoU[1, N][1,N] «+ 0
3: for each pairof ?;, R; ( < j) do

4: Point set PSet « ()

5: Add intersection points of ?; and I to PSet

6: Add the vertices of I?; inside R; into PSet

T Add the vertices of R; inside R; into PSet

8: Sort PSet to anti-clockwise order

9: Compute intersection [ of PSet by triangulation
10: IoU(i, j) < (Area(R;) + Area(R;) - I)/]

11: end for

12: return [oU

D. Zhou, et al. "loU Loss for 2D/3D Object Detection.". v
https://github.com/lilanxiao/Rotated_loU
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™ . = o . a
- . el el X 2
. =

-45 -35 -25 -15 -5 5 15 25 35 45
Angle difference
=o—1-iou --@- smooth-|1 1-1/(1+In(gwd)) =e-1-1/(2+In(gwd)) =e-1-1/(3+In(gwd))
=e-1-1/(5+In(gwd)) =e- 1-1/(1+sqrt(gwd)) =e. 1-1/(2+sqrt(gwd)) —e- 1-1/(3+sqrt(gwd)) =e. 1-1/(5+sqrt(gwd))
16 — - shifting o 0.9
14 .- g 0.8
l @
12| e 0.7
|‘ .‘.0‘
1 1 0 0.6
l -l
gos | | B Y e §°-5
B ce- 8T 104
0.6 Tt L - e
PRSP S Sl Sl S 0.3
0.4 " o
2 Py 0.2
02 | 7 o
L Y 0.1
o ‘{_..,...o-
-1 1 3 5 7 9 11 13 15 od
Offset 1.00 3.00 5.00 7.00 9.0-0 11.00 13.00 15.00
—o—1-iou 1-diou ..®--smooth-I1 Aspect ratio

-o- 1-1(5+In(gwd))  —e 1-1/(S+sqrt(gwd)) —e—1-iou ++®--smooth-I1 1-1/(5+In(gwd)) =e -1-1/(5+sqrt(gwd))
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Final

Intersectio
n Area

oS — el

1 l-|0 ] j:- 0
! 1|l
1| Do
11pPT1 |11
oo Tyt

OBB Match cccscssaccsnassenanas
ploU [|+:U []:N

PloU Loss

Z. Chen, et al. "PloU Loss: Towards Accurate Oriented Object Detection in Complex Environments.” In ECCV 2020.

Y. Zheng, et al. “Rotation-robust Intersection over Union for 3D Object Detection” In ECCV 2020.
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KihE Sk h

Anchor/Proposal: (0,0,70,10, —90°)

/"  Casel

Predict box: (0,0,70,10, —115°)
=w,h=nh,|0 —0] = 180°

IoU<(,P>>1
Smooth-L1 Loss< ;, P >PoA>> 0

Anchor/Proposal: (0,0,70,10, —90°)

"s

Predict box: (0,0,70,10,65°)

= W' = h, | —_ 9' =
TIoU< (, P>~ 1
Smooth-L1 Loss< (;, P>= 0

Long Edge
Definition

- O S S S S S S e S e e e
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AN
OpenCV )
Case 2 p /EX/%
Anchor/Proposal: (0,0,70,10, —90°)
b Predict box: (0,0,70,10, —115°)
oC
wayl —h = w|0—0] = 90°
x ToU< G, P>~ 1
Smooth-L1 Loss< ¢, P >PoA + EoE>> 0
WOC
|
|
I
\] +Ah Anchor/Proposal: (0,0,70,10, —90°
Ax
way?2 : .
OpenCV Y Predict box: (0,0,10,70, —25°)
Definition

=w,h=nh,|0-0]=0°
IoU< (, P>~ 1
Smooth-L1 Loss< ¢;, P>~ 0
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Boundary position

OpenCV Definition

OpenCVE X &

Anchor/Proposal: (0,0,70,10, —90°)

Predict box: (0,0,70,10, —115°)
=h,h= w,|0—0]| =90°

IoU<(, P>~ 1
Smooth-L1 Loss< ¢;, P>> 0

Anchor/Proposal: (0,0,70,10, —55°)
Predict box: (0,0,70,10, —80°)
=h,h= w,|0—0] =90°

IoU<(, P>~ 1
Smooth-L1 Loss< (;, P>= 0




loU-Smooth L1 Loss PR o

. LﬁTL?*'léllﬂmﬁl_%zﬁ*% h(v) =%

RRABELIRERTRA « "\ ool (0.0, 100,25, i)
#@hn, FEREFRWT \\\ W \\&W_X. Predict box: (0,(8: ?oészéoosp%g)
" periodicity of angular (PoA) N [ \ g?éﬁfétocfgse;;(?6,06,13%1,/25/3‘%(4)’ Y
= exchangeability of edges (EOE) \\\ - > ; Loss=Smooth-L1(Predict - Target) >> 0
=

» SIANlOUEEHAE T, ikloUER Y
ElossBy K/, JHERIAS )RR,

v Lo (00 | ” N
Z Z ( Q(Un]7 JJ{ log(IOU)l ] (a) Smooth L1 loss (b) IoU-smooth L1 loss

j€{z,y,w,h,0} | rjﬁ)n],’un] \
7 fRfE

X. Yang, et al. "Scrdet: Towards more robust detection for small, cluttered and rotated objects.” In ICCV 2019.
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- DR ARNEL M) E S R AR A E D FE R TR RN,
- S BRAENTUNR ASKEE, IMEIFMRRIFUNER, @RS
ZEBEGNAEEALIRE, XIHBS5AEEEEX.

- O3 (e R D KR BL R — ELE BRI RE, REFE
IBIPHEERmK

b w/2
Mazx(loss) =§, E(loss) = / T ! dx = / x ! dr = %
a 0

—a




- HMEREAEDRFENMA
» EHOpenCVE X EREoERRNATFE (AR BKIALENE)
= DEMEITFIHNFREFMIFE 2 BN EEEBEE N0 BRAMN,

]

90| ¢ o o |5|a|3|2|-1]of1|2]3]|a]5] o |89

ground truth = one-hot(0)

predict2 =~ one-hot(-90)
FL(gt — ) &= FL(gt — predict2) x




Circular Smooth Label (CSL) J—

- CSLEEEAIMNRTARE %ﬂ
FESENFRSELEREREE—
BB A M

9(35),9—7°<a:<9+7a boundary

CSL(z) = { 0, otherwise /\

. ’I\é}ﬁ window function
- Eagp 9(@) =g(@+kT), ke N. T =180/w

- i 0<g(@+e)=g(0—¢) <1, [g] <.

- BAE 90) =1
- BIAM 0<g(0£e) <g(0£q) <15 <|e| <.

X. Yang, J. Yan. “Arbitrary-Oriented Object Detection with Circular Smooth Label.” In ECCV 2020.
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pulse function

gaussian function
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. rﬂ%ﬂl EE’] & M Sk
Threg. =A
Thonenot =Theg = A X AR/W

- B2 AN E ORI AT TR IE T B ARVt

Anchor/Proposal: (0,0,45,44,0°)
Predict box: (0,0,45,44, —60°)

Predict box: (0,0,45,44,30°)
e h ol = 0 KELL#E, HKH o
foUs P>~ 1 B A R EUR . iyl cr el b

th-L < >~
\ Smooth-L1Loss<(, P>~ 0 Smooth-L1 Loss< (', P>> 0

4 Square-Like Problem A
l !
| way?2 wayl |
l I
I h, x I
I I
l Wie |
I Anchor/Proposal: (0,0,45,44,0°) Long Edge Definition |
I I
l I
I |

-~




Densely Coded Label (DCL)

- EHESERG (DCL) AW (SCL)

Thbcl = Thgcl =A X f10g2(AR/w)]

~

THgc:

= —MEF 0 A=21, AR=180, w=1
" Threg =21, ThOﬂehOt:ThCS|:37801 Tth|:168

e

($T 3 [e)@1)

Base Model w GFlops AGFlops Params (M) AParams Training Time
RetinaNet-Reg - 139.35 - 36.97 - -
RetinaNet-CSL 1 25496  +82.96% 45.63 +23.42% ~3X
RetinaNet-BCL 1 143.87  +3.24% 37.31 +0.92 % ~1x
RetinaNet-GCL 1 14387  +3.24% 37.31 +0.92% ~1x

X. Yang, et al. "Dense Label Encoding for Boundary Discontinuity Free Rotation Detection.” In CVPR 2021.
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Densely Coded Label (DCL) e

@l

- FHEERE (DCL) BRKEI4AS (SCL)  (FHXp)EL)

GT=88, w=1, AR=180, n= AR/w=180
Encode:

One-Hot (-Round(GT-90)/w)=00000...000000010

| 90-w(Argmax(Sigmoid(logits))+0.5)=88.5

- e e mm mm omm me o omm s mm = =

-90|-89|-88(-87|-86] e e e |81| 82/83]|84|85|86|87|88|89

GT=88, w=1, AR=180, n= AR/w=180

Encode:

S C |_ : O ne- |_| ot |_ a b e| CSL-Gauss (-Round(GT-90)/w)

=[0.61,0.88,1.0,0.88,0.61,0.32,
0.99 0.14,0.04...,0.14,0.32]

0.98| GT=88, w=180/256, AR=180,
n=[log,(AR/w)] = 8

Threshold=0.5 Encode:

ST T T T T T - 7| |~  Bin(-Round((GT-90)/w))
0.28— 0.28 =Bin(3)

0.12 =00000011

Decode:
716|5)4(3]2]1]0 I 90-Int(Round(Sigmoid(logits)))*w
| =87.890625 7

DCL : Binary Coded Labe

I'4
|

SCL: Circular Smooth Label




Densely Coded Label (DCL) o

@l

- FHEERE (DCL) BRKEI4AS (SCL)  (FHXp)EL)

0000000100

ne= AR/W =9 III

[0.1,0,0,0,0.1,0.25,0.6,1,0.6,0.25]

GT=45, w=20, AR=18
0010

ng= [log_2 (AR/w)] =4 II

0110
class_id = (-Round(GT-90)/w=3



Densely Coded Label (DCL) o

- AEBEBEANKELLRMANNE (33 [E=2)

Waparsw (AB) =|sin(a(Af))| = |sin(a(byt — Oprea))|
" :{ Ly (Do) 50

2 otherwise

(a) Ground Truth (b) Prediction after using ADARSW
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Qe
L

BRI EWA/, AERNEAKS, DEEERE
AR EWAKR, EIRIREAKN, Mt LRRIE

Method w BR SV LV SH HA 5-mAP;; mAP;; mAP;; mAP;5.95
Reg - 3452 5142 5032 7337 5593 53.12 62.21 26.07 31.49
CSL 180/180 | 35.94 5342 61.06 81.81 62.14 | 58.87 64.40 32.58 35.04
180/4 30.74 4054 5098 7207 59.54 50.77 62.38 24.88 31.01
180/8 36.65 52.58 6046 8224 61.60  58.71 66.17 33.14 35.77
180/32 | 39.83 5441 60.62 80.81 6032 | 59.20 65.93 35.66 36.71
180/64 | 3822 5470 60.16 80.75 60.11 | 58.79 65.00 3431 36.00

180/128 | 36.76 53.73 61.35 82.52 5842 5856 65.14 34.28 35.69

180/180 | 3742 53.72 58.70 80.73 63.31 | 58.78 65.83 33.94 36.35

180/256 | 37.66 53.83 60.66 8043 60.74 58.66 64.97 33.52 35.21

180/512 | 37.93 5385 58.52 80.04 60.87 58.24 64.88 33.09 34.99
180/4 3090 41.20 4830 7293 60.16 50.70 62.98 23.83 30.81
180/8 36.88 51.10 59.81 8240 61.57 58.35 65.23 33.92 35.29
180/32 | 38.04 54.77 60.88 8275 61.24 | 59.54 65.11 34.67 36.15

GCL 180/64 | 38.05 5436 60.59 81.84 6039 @ 59.05 64.78 33.23 35.67

180/128 | 37.74 5436 59.43 81.15 60.51 @ 58.64 66.13 33.65 36.34

180/256 | 35.81 53.78 5835 81.45 59.84 5785 64.87 33.77 35.97

180/512 | 37.99 5423 61.61 80.84 62.13 59.36 64.34 34.08 35.92

AR
AEE

BCL




(d) w = 180/256




(a) w = 180/4 (b) w = 180/8
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Anchor/Proposal: (0,0,70,10, —90°)
Predict box: (0,0,70,10, —115°)
=w,h =h,|0 — 0] = 180°

IoU<G,P>=~1
Smooth-L1 Loss< ;, P >=PoA » 0

IoU<(,P>=1
Smooth-L1 Loss< (5, P>~ 0

o o e o o o E Ew o

Case 3

Anchor/Proposal: (0,0,45,44,0°) -A6,-
’

1
Predict box: (0,0,45,44, —60°) l*
~w=h=h,|0-0]=0°
IoU<(,P>=1
Smooth-L1 Loss< (., P>~ 0

Anchor/Proposal: (0,0,44,45, —90°)
Predict box: (0,0,44,45, —30°)
~w=h=h,|0-0]=0°

TIoU<(,P>x 1
Smooth-L1 Loss< -, P >~ 0

-~ om W o =y,

N 7 N\

1
i Boundary Problem

I
I hle hac

i
II Wie Woc
it
I

e o o o o o o o o o o

way2 1 way2
| LongEdge OpenCV
[Il Definition Definition
VA
_f/ \\_______—/
Square-Like Problem

Long Edge Definition

way?2 w, ~ wayl ‘AO*’ B

hOC
OpenCYV Definition

wayl i

Anchor/Proposal: (0,0,70,10, —90°)
Predict box: (0,0,70,10, —115°)
=h,h= w,|0—0]| =90°

IoU<(G,P>=1
Smooth-L1 Loss< (-, P> =PoA + EoE > 0

Predict box: (0,0,10,70, —25°)
=w,h=h,0-0]=0°

IoU<(,P>=1
Smooth-L1 Loss< ¢, P >~ 0

Anchor/Proposal: (0,0,45,44,0°)

Predict box: (0,0,45,44,30°)
~w=h=h,|0—0]=90°

TIoU<(,P>=~1

Smooth-L1 Loss< ¢, P >> 0

Anchor/Proposal: (0,0,44,45, —90°)

Predict box: (0,0,44,45, —120°)
~w=h=h,|0—0|=90°

TIoU<, P>~ 1
Smooth-L1 Loss< -, P >=PoA > 0
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. e m =(z,y)
Gaussian Distribution x = 50.00
150 150 »1/2 _RSR'"
100 100 [ cos@ —sind 5 0 cosfl  sind
—\ sinf  cosf 0 'z—' —sinf cosf
50 50 - (5 cos? 0 + % sin” % cos @ sin
n “—;" cos f sin # ¥ sin” 0 + % cos? 0
0 0 1
Cqe /20, /20 0 TN
50 504 Property 1: 3/ (w, h,0) = X"/ (h,w,0 — 5):
Property 2: X'/2(w, h,0) = ZY%(w, h,0 — 7);
-100 ~100 ) .
Property 3: X'/2(w, h,0) ~ 22 (w, h,0 — 5)sifw = h.
-150 -150 T
—-200 —-150 -100 =50 O 50 100 150 200 0 10
lo- y = 10.00 d* = |lm, —mz||§+’1‘r(z:l + 3, - 222,52
/\ v
O T T T T T T T
-200 =150 =100 -50 0 50 100 150 200 1

Lu':l—i.< >
T T r @) TS

X. Yang, et al. "Rethinking Rotated Object Detection with Gaussian Wasserstein Distance Loss." In ICML 2021.
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— G —HIRER T GWD o

m =(z,y)
»!'/?2 =RSR" . ‘ .
‘ Property 1: /2 (w, h,0) = Y2(h,w.0 — Z);
~( cosf —sind 53 0 cos)  sind
—\ sinf  cosf (I —sinf cosf Property 2: X/2(w, h,0) = 2%(w, h,0 — 7);
(3 cos? 6 + % sin” 6 % cos@sin&{ Property 3: 2'/2(w, h,0) = 22 (w,h,0 — T), if w =~ h.
“—;h cos @ sinf 5 sin? @ + % cos? @ B

boxesl = np.array([
(50

[50. 50. 4
], np.float32)
boxes2 = np.array( [

[50, 50, 7@

[50

[50

[50, 50, 4
1, np.float32)

print(iou_rotate_calculate2(boxesl, boxes2).reshape(-1,))
print(diou_rotate_calculate(boxesl, boxes2).reshape(-1,))
(gaussian_wasserstein_distance(boxesl, boxes2))
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™ . = o . a
- . el el X 2
. =

-45 -35 -25 -15 -5 5 15 25 35 45
Angle difference
=o—1-iou --@- smooth-|1 1-1/(1+In(gwd)) =e-1-1/(2+In(gwd)) =e-1-1/(3+In(gwd))
=e-1-1/(5+In(gwd)) =e- 1-1/(1+sqrt(gwd)) =e. 1-1/(2+sqrt(gwd)) —e- 1-1/(3+sqrt(gwd)) =e. 1-1/(5+sqrt(gwd))
16 — - shifting o 0.9
14 .- g 0.8
l @
12| e 0.7
|‘ .‘.0‘
1 1 0 0.6
l -l
gos | | B Y e §°-5
B ce- 8T 104
0.6 Tt L - e
PRSP S Sl Sl S 0.3
0.4 " o
2 Py 0.2
02 | 7 o
L Y 0.1
o ‘{_..,...o-
-1 1 3 5 7 9 11 13 15 od
Offset 1.00 3.00 5.00 7.00 9.0-0 11.00 13.00 15.00
—o—1-iou 1-diou ..®--smooth-I1 Aspect ratio

-o- 1-1(5+In(gwd))  —e 1-1/(S+sqrt(gwd)) —e—1-iou ++®--smooth-I1 1-1/(5+In(gwd)) =e -1-1/(5+sqrt(gwd))




LN A
— — HY Bz 7=ZGWD
/1 \T 7 Tam
| METHOD BACKBONE MS PL BD BR GTF Y LV SH TC BC ST SBF RA HA sp HC | MAPy,
FR-O (X1A ET AL, 2018) R-101 79.09  69.12 17.17 63.49 3420 37.16 36.20 89.19 69.60 5896 494 5252 46.69 4480 46.30 52.93
ICN (AZIMI ET AL., 2018) R-101 v 8140 7430 47.70 7030 6490 67.80 70.00 90.80 79.10 78.20 53.60 6290 67.00 6420 50.20 | 68.20
KARNET (TANG ET AL., 2020) R-50 89.33  B83.55 4479 71.61 63.05 67.06 69.53 9047 7946 77.84 51.04 6097 6538 6946 4953 68.87
RADET (LI ET AL, 2020B) RX-101 7945 7699 4B.05 6583 6546 7440 68.86 8970 7T8.14 7497 4992 64.63 66.14 7T1.58 62.16 69.09
ROI-TRANS. (DING ET AL., 2019) R-101 v 88.64 T78.52 4344 7592 6881 73.68 8359 90.74 77.27 8146 58.39 5354 62.83 5893 47.67 69.56
CAD-NET (ZHANG ET AL., 2019) R-101 87.8 82.4 494 735 T1.1 63.5 76.7 90.9 79.2 733 48.4 60.9 62.0 67.0 62.2 69.9
AOOD (Zou ET AL., 2020) DPN-92 v 89.99 81.25 4450 73.20 6890 60.33 66.86 90.89 8099 86.23 6498 63.88 6524 6836 62.13 71.18
CASCADE-FF (Hou ET AL., 2020) R-152 89.9 80.4 51.7 774 68.2 75.2 75.6 90.8 78.8 84.4 62.3 64.6 57.7 69.4 50.1 71.8
SCRDET (YANG ET AL., 2019) R-101 v 89.98 B0.65 52.09 68.36 6836 60.32 7241 90.85 87.94 86.86 65.02 66.68 66.25 6824 65.21 72.61
A | SARD (WANG ET AL., 2019B) R-101 8993 B4.11 54,19 7204 6841 61.18 66.00 90.82 87.79 86.59 6565 64.04 66.68 6884 68.03 72.95
g GLS-NET (L1 ET AL., 20204) R-101 88.65 7740 5120 71.03 7330 7216 B84.68 90.87 80.43 8538 5833 6227 67.58 70.69 6042 72.96
g FADET (L1 ET AL., 2019) R-101 v 90.21  79.58 4549 7641 73,18 68.27 79.56 90.83 8340 8468 5340 6542 7417 69.69 6486 73.28
= | MFIAR-NET (YANG ET AL., 20204) R-152 v 89.62 84.03 5241 7030 70.13 67.64 T7.81 90.85 8540 86.22 63.21 64.14 6831 7021 62.11 73.49
g GLIDING VERTEX (XU ET AL, 20208B) R-101 89.64 B5.00 5226 77.34 73.01 7314 B86.82 90.74 79.02 86.81 5955 7091 7294 70.86 57.32 75.02
£ | SAR(LUET AL, 2020) R-152 89.67 79.78 54,17 68.29 71.70 7790 B84.63 9091 88.22 87.07 6049 6695 7513 7528 64.29 75.28
4 | MASK OBB (WANG ET AL., 2019A) RX-101 v 89.56 85.95 5421 7290 7652 7416 B85.63 89.85 8381 8648 5489 69.64 7394 69.06 63.32 75.33
g FFA (FU ET AL., 2020B) R-101 v 90.1 82.7 54.2 75.2 71.0 79.9 83.5 90.7 83.9 84.6 61.2 68.0 70.7 76.0 63.7 75.7
= | APE (ZHU ET AL., 2020) RX-101 89.96 83.62 5342 76.03 74.01 77.16 7945 90.83 87.15 8451 67.72 6033 7461 71.84 6555 75.75
F*-NET (YE ET AL., 2020) R-152 v 88.89 TB48 5462 7443 7280 77.52 8754 90.78 87.64 8563 6380 6453 78.06 7236 63.19 76.02
CENTERMAP (WANG ET AL., 2020B) R-101 v 89.83 8441 5460 70.25 77.66 7832 B87.19 90.66 8489 8527 5646 6923 7413 71.56 66.06 76.03
CSL (YANG & YaN, 2020) R-152 v 90.25 8553 5464 7531 7044 7351 77.62 90.84 86.15 86.69 69.60 68.04 7383 7T1.10 6893 76.17
MRDET (QIN ET AL., 2020) R-101 89.49 8429 5540 66.68 76.27 82.13 8786 90.81 86.92 8500 5234 6598 76.22 76.78 6749 76.24
RSDET-11 (QIAN ET AL., 2021) R-152 v 89.93 8445 5377 7435 71.52 7831 7812 91.14 87.35 86.93 65.64 65.17 7535 79.74 63.31 76.34
OPLD (SONG ET AL., 2020) R-101 v 89.37 85.82 54,10 79.58 75.00 75.13 B86.92 90.88 86.42 86.62 6246 6841 7398 68.11 63.69 76.43
SCRDET++ (YANG ET AL.. 2020C) R-101 v 90.05 8439 5544 7399 77.54 71.11 86.05 90.67 87.32 87.08 69.62 68.90 7374 7T1.29 65.08 76.81
HSP (XU ET AL_, 2020A) R-101 v 90.39 86.23 56.12 80.59 77.52 73.26 83.78 90.80 87.19 8567 69.08 72.02 7698 7250 67.96 78.01
FR-EST (FU ET AL., 2020A) R-101-DCN v 89.78 8521 5540 77.70 80.26 83.78 8759 90.81 87.66 8693 6560 68.74 71.64 7999 66.20 78.49
IENET (LINET AL, 2019) R-101 v 80.20  64.54 39.82 32,07 4971 65.01 5258 81.45 4466 7851 46.54 56.73 6440 6424 36.75 57.14
TOSO (FENG ET AL., 2020) R-101 v 80.17  65.59 39.82 3995 4971 65.01 5358 81.45 4466 7851 4885 56.73 6440 6424 36.75 57.92
PIoU (CHEN ET AL., 2020) DLA-34 80.9 69.7 24.1 60.2 38.3 64.4 64.8 90.9 77.2 70.4 46.5 37.1 57.1 61.9 64.0 60.5
AXIS LEARNING (XIAO ET AL., 2020) R-101 79.53  77.15 38.59 61.15 67.53 7049 76.30 89.66 79.07 8353 4727 61.01 56.28 66.06 36.05 65.98
A*S-DET (X1A0 ET AL.. 2021) R-101 89.59 77.89 46.37 56.47 7586 74.83 B86.07 90.58 81.09 8371 50.21 6094 6529 69.77 50093 70.64
A | O*-DNET (WEIET AL, 2020) H-104 v 89.31 82,14 47.33 61.21 71.32 74.03 7T8.62 90.76 8223 81.36 6093 60.17 5821 6698 61.03 71.04
S P-RSDET (ZHOU ET AL., 2020) R-101 v 88.58 77.83 50.44 69.29 T1.10 75.79 78.66 90.88 80.10 81.71 5792 63.03 66.30 69.77 63.13 72.30
5 | BBAVECTORS (YIET AL., 2020) R-101 v 88.35 79.96 50.69 62.18 7843 7898 B87.94 90.85 8358 8435 5413 60.24 6522 6428 5570 72.32
= | ROPDET (YANG ET AL., 2020D) R-101-DCN v 90.01 82.82 5447 69.65 6923 7078 7578 90.84 86.13 8476 66.52 63.71 67.13 6838 46.09 72.42
# | HRP-NET (HE ET AL., 2020) HRNET-W48 89.33 B81.64 4833 7521 71.39 7482 77.62 90.86 81.23 8196 6293 62.17 6627 6698 62.13 72.83
Z | DRN (PAN ET AL., 2020) H-104 v 89.71 8234 4722 64.10 76.22 7443 8584 90.57 S86.18 8489 57.65 6193 69.30 69.63 5848 73.23
3 CFC-NET (MING ET AL., 2021) R-101 v 89.08 BO41 5241 70.02 76.28 78.11 8721 90.89 8447 8564 6051 61.52 67.82 68.02 50.09 73.50
é R'DET (SUN ET AL., 2020) R-152 88.96 8542 5291 73.84 7486 81.52 B0.29 90.79 86.95 8525 64.05 6093 69.00 7055 67.76 75.84
Z | R®*DET (YANG ET AL., 2021) R-152 v 89.80 83.77 48.11 66.77 78.76 83.27 B87.84 90.82 8538 8551 65.67 62.68 67.53 7856 72.62 76.47
“ | POLARDET (ZHAO ET AL.. 2020) R-101 v 89.65 87.07 48.14 7097 7853 80.34 8745 90.76 8563 86.87 61.64 7032 7192 73.09 67.15 76.64
SZA-NET-DAL (MING ET AL., 2020) R-50 v 89.69 83.11 55.03 71.00 7830 81.90 88.46 90.89 8497 8746 6441 6565 76.86 7209 6435 76.95
R*DET-DCL (YANG ET AL., 20208) R-152 v 89.26 83.60 53.54 7276 79.04 8256 8731 90.67 86.59 8698 6749 66.88 7329 70.56 69.99 77.37
RDD (ZHONG & Ao, 2020) R-101 v 89.15 8392 5251 73.06 77.81 79.00 B87.08 90.62 86.72 87.15 6396 70.29 76.98 7579 72.15 77.75
SZA-NET (HAN ET AL., 2020) R-101 v 89.28 84.11 56.95 79.21 80.18 8293 89.21 90.86 84.66 87.61 71.66 68.23 7858 7820 6555 | 79.15
GWD (OURS) R-152 v 89.66 8499 359.26 82.19 7897 8483 B87.70 90.21 86.54 86.835 7347 6777 7T6.92 7922 7492 | 80.23
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mn
Method Dataset Data Aug. | Reg. Loss | Hmeanso/AP50 | Hmeango/APsy  Hmean75/AP7s  Hmeanss/APss | Hmeanso.05/AP50.05
] Smooth L1 84.28 74.74 48.42 12.56 47.76
RetinaNet GWD 85.56 (+1.28) 84.04 (+9.30) 60.31 (+11.89) 17.14 (+4.58) 52.89 (+5.13)
. . ‘ - 87.45 (+3.17) 86.72 (+11.98)  72.39 (+23.97)  27.68 (+15.12) 57.80 (+10.04)
FRCAS | RenG Fereoh L] §8.52 79.01 B4 158 6,18
R*Det |  GWD 89.43 (+0.91) 88.89 (+9.88) 65.88 (+22.46) 15.02 (+10.44) 56.07 (+9.89)
- 89.97 (+1.45) 89.73 (+10.72)  77.38 (+33.96)  25.12 (+20.54) 61.40 (+15.22)
| Smooth L1 70.98 62.42 36.73 12.56 37.89
MSRA-TDS500 R+F+G GWD 76.76 (+5.78) 68.58 (+6.16) 44.21 (+7.48) 17.75 (+5.19) 43.62 (+5.73)
- 76.96 (+5.98) 70.08 (+7.66) 46.95 (+10.22) 19.59 (+7.03) 45.24 (+7.35)
| Smooth L1 69.78 64.15 36.97 871 3773
RetinaNet F GWD 74.29 (+4.51) 68.34 (+4.19) 43.39 (+6.42) 10.50 (+1.79) 41.68 (+3.95)
‘ - 75.32 (+5.54) 69.94 (+5.79) 44.46 (+7.49) 10.70 (+1.99) 42.68 (+4.95)
] Smooth L1 74.83 69.46 42.02 11.59 41.98
R+F GWD 76.15 (+1.32) 71.26 (+1.80) 45.59 (+3.57) 11.65 (+0.06) 43.58 (+1.60)
ICDAR2015 ‘ - 77.92 (+3.09) 72.77 (+3.31) 43.27 (+1.25) 11.09 (-0.50 43.65 (+1.67)
AR | Smooth L1 74.28 68.12 35.73 8.01 39.10
F GWD 75.59 (+1.31) 68.36 (+0.24) 40.24 (+4.51) 9.15 (+1.14) 40.80 (+1.70)
RDet ‘ - 77.72 (+2.43) 71.99 (+3.87) 43.95 (+8.22) 10.43 (+2.42) 43.29 (+4.19)
| Smooth L1 75.53 69.69 37.69 9.03 40.56
R+F GWD 77.09 (+1.56) 71.52 (+1.83) 41.08 (+3.39) 10.10 (+1.07) 42.17 (+1.61)
- 79.63 (+4.63) 73.30 (+3.61) 43.51 (+5.82) 10.61 (+1.58) 43.61 (+3.05)
Bikakia Method Box Def. v1.0 tranval/test v1.0 train/val vl.s v2.0

BRT SVT LVT SHT  HAT ST? RA* | 7-AP5y AP5y § AP5sy  AP75  APsp.0f | APso | APsg
- Doe 42.17 6593 5111 7261 5324 | 7838 62.00 | 60.78 6573 §64.70 3231 3450 || 58.87 | 44.16
- Dy, 3831 60.48 49.77 6829 51.28 | 78.60 60.02 | 58.11 64.17 §6221 26.06 3149 | 56.10 | 43.06
IoU-Smooth L1 D,. 4432 63.03 51.25 7278 56.21 | 7798 63.22 | 61.26 6699 §64.61 34.17 36.23§J 59.16 | 46.31
Modulated Loss Quad. 4321 70.78 5470 72.68 60.99 | 79.72 62.08 | 6345 67.20 §65.15 4059  39.12§ | 61.42 | 46.71

RetinaNet RIDet Quad. 40.81 67.63 5545 7242 5549 | 78.09 6475 | 62.09 66.06 §64.07 4098 39.05f§ 5891 | 45.35
CSL Dy, 4225 68.28 5451 7285 53.10 | 75.59 58.99 | 60.80 67.38 J64.40 3258 35.04 ] )| 58.55 | 43.34

DCL (BCL) Dy, 4140 65.82 56.27 73.80 5430 | 79.02 60.25 | 61.55 6739 §65.93 35.66 36.71 59.38 | 45.46

GWD D, 44.07 7192 6256 7794 60.25 | 79.64 63.52 | 65.70 6893 §6544 38.68 38.71 60.03 | 46.65

- Do 44.00 7445 7248 8430 65.54 | 80.03 65.05 | 6941 71.28 §68.14 4448 42.15] || 62.50 | 47.69

- D, 44.15 75.09 7288 86.04 56.49 | 8253 61.01 | 68.31 70.66 §67.18 3841 38464 J 6291 | 48.43

DCL (BCL) Dy, 46.84 7487 7496 8570 57.72 | 84.06 63.77 | 69.70 71.21 J67.45 3544 3754 61.98 | 48.71
GWD D,. 46.73 75.84 78.00 86.71 62.69 | 83.09 61.12 | 70.60 71.56 §69.28 43.35 41.56] | 63.22 | 49.25
- 19)5 48.34 75.09 78.88 86.52 65.48 | 82.08 61.51 | 71.13 71.73 §68.87 4448 42.11] | 65.18 | 50.90

R*Det
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Q. Ming, Z. Zhou, L. Miao, X. Yang, et al. " Optimization for Oriented Object Detection via Representation Invariance Loss."
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W. Qian, X. Yang, et al. "Learning modulated loss for rotated object detection.” In AAAI 2021
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Support DOTA, HRSC2016, ICDAR2015, ICDAR2017 MLT, UCAS-AOD, FDDB, OHD-SITU, SSDD++, MSRA-TD500

backbone Support ResNet, ResNeXt, MobileNetV2, EfficientNet,DrakNet53
(o A I A [ T I A - N G T APV B I
detector Faster-R Faster-H SCRDet | . SCRDet++ ; , RetinaNet R3Det RSDet csL DCL | | GWD
L __ - L __ - o __ JI _____ o’ e o - - LI Jl ——————— I____., I————-- | Sy )
{ “SPNet, ! {FPNnLD, VST T T T Feature Pyramid Netu _k:(_FP;”_ __________ N
I MDANet ! 1 ImLD S ssiEnja s sy o I
oS WY et e S et PR B GEaTaTamaTemaR  CaaaraTa A L A ~
i Rotation ! . T 1 1 Horizontal (
| 1 1
anchor head | Anchors ,I L Eo:IZSn:aI_AECEo:s ______ L1 Anchors | H+R AnchorsJ ‘ Anchors L H(R) Anchors/H+R Anchors !
(---=" " (S 1 )
roi extractor RRol Pooling | | Rol Pooling, Rol Align \ ,  FRM I FRM (optional) 1
_____ @ N e e e e e e e — S |
(f- "~~~ "~~~ "~~~ T LT T T T Tt Y 7 Csiscore, © Reg: | | Cls.score, 8, head | (Cis.: score Reg: |
I . r R o , , , , 11 S.: score, eg.. | .. ' Y, S.: score Reg.:
bbox head L c_s_ score ! ig_(f"_ty_ tf fh_te_ > ) Gttt | Regi (boty by tn) | oty tutntg )]
(77 Crosskntropy (CE), | [~ " “cEatention 1 [ focalloss, | [ Focalloss, | [ Focalloss (score, ®), 1 [ Focalloss, 1
! Smooth L1 11 loU-Smooth L1 I loU-Smooth L1 || Modulated Loss '\ Smooth L1 Loss 1 L GWD 1

S 1 ;£ === 1 fF—===== 1 f____l f__——‘ r ——————
publication | lcovis | AAARL : AAARL | : ECCV20 :CVPR21 L leMLl |
_____ - [ —— —— - - — -—— = = -—— == N oo oo oo oo oo

https://github.com/yangxue0827/RotationDetection
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