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Background: iminaries:
ackground Preliminaries > vs. SOT4 on DOTA-v1.0
» Objects in aerial images are often distributed with arbitrary orientations. For a rotation-equivariant network ® = {L; | i € {1,2,---, M}}, the rotation T, will — S _— —
. . . . . . . single-scale:
» Aerial ObJeCt detection 1s usually formulated as an oriented ObJeCt detection task, be preserved by the whole network: FR-gD[ 51 R101 7942 7713 1770 6405 3530 3802 37.16 89.41 69.64 5928 5030 5291 47.89 4740 46.30 | 54.13
. . . . . ICN [1] R101-FPN 8136 7430 4770 7032 6489 6782 69.98 9076 79.06 7820 5364 6290 67.02 6417 5023 | 68.16
which not only regresses the box size, but also the orientation of an object. T2, L | (T 1) = T [TT7%4 Li | (D) DRNI| | |H10e | |8591 8022 352 6335 748 7069 494 9014 $385 1l 5002 Al 6762 6560 5250 | 1070
: : - : : : : : CenterMap [ 0] R50-FPN 88.88 8124 5315 60.65 78.62 6655 7810 88.83 77.80 83.61 4936 6619 7210 7236 S8.70 | 71.74
> CNN features are not equlvarlant to rotation. Therefore, region features Warped For an 1mage region I R = and 1tS rotated version T,r I R, WE have: SCE:Det[F | R101-FPN §0.08 80.65 52.09 6836 6836 6032 7241 9085 87.94 8686 65.02 6668 6625 6824 6521 | 7261
bv RRol Alj 1l tabl d delicat h - ntat; h R*Det [17] R152-FPN §0.49 8117 5053 6610 7092 78.66 7821 90.81 8526 8423 6181 6377 68.16 69.83 67.17 | 73.74
19N ar a n n 1 rientation n . — S2A-Net [ 10] R50-FPN £0.11 8281 4837 7111 7811 7839 8725 0083 8490 85.64 6036 6260 6526 69.13 57.94 | 74.12
Y O 2 © usudily unstable d clicate as the orientation Chdnges CD(TTIR) TTCD(IR) ReDet {[t}ur!-;} ReRS0-ReFPN | 8879 8264 53.97 7400 78.13 8406 8804 9089 87.78 8575 61.76 6039 7596 68.07 63.59 | 76.25
’ ’ ’ ’ ’ . . . / . . . . . multi-scale:
» To encode the orientation 1nf0rmat10n, the detector requires more parameters By applylng an mverse rotation Tr, we get the rotation-invariant representation: Rol Trans.” [7] R101-FPN 88.64 7852 4344 7592 6881 7368 8359 9074 7727 8146 5839 5354 62.83 5893 47.67 | 69.56
- - - - O%-DNet* [31] H104 £9.30 8330 5010 7210 7110 7560 7870 9090 79.90 8$2.90 6020 60.00 64.60 68.90 65.70 | 72.80
which are often hlghly redundant and 1nefficient. CI)(]R) — T'CI)(T IR) DRN* ['_t-] H104 89.71 8234 4722 6410 7622 7443 8584 90.57 86.18 8489 5765 61.93 6930 69.63 5848 | 73.23
r r Gliding Vertex* [36] | R101-FPN 89.64 8500 5226 7734 7301 7314 8682 9074 79.02 8681 5955 7091 7294 7086 S57.32 | 75.02
BBAVectors® [11] | R101 88.63 84.06 5213 6956 78.26 8040 88.06 90.87 $7.23 8639 S56.11 6562 67.10 72.08 63.96 | 75.36
o o . CenterMap® [30] | R101-FPN §0.83 8441 5460 7025 77.66 7832 8719 090.66 8489 8527 5646 69.23 7413 7156 66.06 | 76.03
Contributions: Rotation-equivariant backbone CSL® 3] R152-FPN 90.05 8353 5464 7531 7044 7351 7762 9084 8615 86.60 69.60 68.04 7383 7110 68.93 | 76.17
. . . . . . . 10N-equivari . SCRDet++* [19] | R152-FPN $8.68 8322 5470 7371 7192 8414 7939 0082 §7.04 8602 6790 6086 7452 7076 7266 | 76.56
> propose a Rotation-equivariant Detector (ReDet) for high-quality acrial object HHON-CATIvArAn T oare | . S’ e |ww ma H5U 00 Hh B o i B0 an 00 7 e B
detection, which encodes both rotation equivariance and rotation invariance We implement a rotation-equivariant backbone (ReResNet + ReFPN), which is - T -
b * . . . . 1
» design a novel RiRol Align to extract rotation-invariant features from rotation equivariant to discrete rotation group (R*, +) > Cy. The produced feature maps f » vs. SOTA on HRSC2016
. have N orientation channels: f = {f() | i € {1,2,...,N}}, and feature maps from method | RC2[19]  RRPN[22]  R*PN[+i]  RRD[I6] RolTrans.[7]  Gliding Vertex [10]
equivariant features.. , o f Y { T 3 P mAP 75.7 79.08 79.6 34.3 36.2 38.2
» achieves the state-of-the-art 80.10, 76.80 and 90.46 mAP on DOTA-v1.0, DOTA- cach orientation s corresponding to an element in Cy. method | R°Det [37]  DRN[24]  CenterMap [30] ~ CSL[38]  S"A-Net [10] ReDet (Ours)
. . mAP 89.26 02.7% 92.8" 89.62 90.17 /95.017 90.46 / 97.63"
v1.5 and HRSC2016 while reducing the number of parameters by 60%. Rotation.i . Rol Al > Vieualiat
otation-invariant Rol Align: 1sualization

We extend the Rol Align to produce completely rotation-invariant features, which
includes two parts: (1) spatial alignment, same as Rol Align. (2) orientation
alignment: align features from different orientation channels.

fr = Int(SC(fa,1),0),r = |ON /21|
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