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Background:

 Objects in aerial images are often distributed with arbitrary orientations.
 Aerial object detection is usually formulated as an oriented object detection task,
which not only regresses the box size, but also the orientation of an object.
 CNN features are not equivariant to rotation. Therefore, region features warped
by RRoI Align are usually unstable and delicate as the orientation changes.
 To encode the orientation information, the detector requires more parameters
which are often highly redundant and inefficient.

Contributions:

 propose a Rotation-equivariant Detector (ReDet) for high-quality aerial object
detection, which encodes both rotation equivariance and rotation invariance.
 design a novel RiRoI Align to extract rotation-invariant features from rotationequivariant features..
 achieves the state-of-the-art 80.10, 76.80 and 90.46 mAP on DOTA-v1.0, DOTAv1.5 and HRSC2016 while reducing the number of parameters by 60%.
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Preliminaries:

For a rotation-equivariant network Φ = 𝐿𝐿𝑖𝑖 ∣ 𝑖𝑖 ∈ {1,2, ⋯ , 𝑀𝑀} , the rotation 𝑇𝑇𝑟𝑟 will
be preserved by the whole network:
𝑀𝑀
𝑀𝑀
∏𝑖𝑖=1 𝐿𝐿𝑖𝑖 𝑇𝑇𝑟𝑟 𝐼𝐼 = 𝑇𝑇𝑟𝑟 ∏𝑖𝑖=1 𝐿𝐿𝑖𝑖 (𝐼𝐼)
For an image region 𝐼𝐼𝑅𝑅 ∈ 𝐼𝐼 and its rotated version 𝑇𝑇𝑟𝑟 𝐼𝐼𝑅𝑅 , we have:
Φ 𝑇𝑇𝑟𝑟 𝐼𝐼𝑅𝑅 = 𝑇𝑇𝑟𝑟 Φ 𝐼𝐼𝑅𝑅 .
By applying an inverse rotation 𝑇𝑇𝑟𝑟′ , we get the rotation-invariant representation:
Φ 𝐼𝐼𝑅𝑅 = 𝑇𝑇𝑟𝑟′ Φ 𝑇𝑇𝑟𝑟 𝐼𝐼𝑅𝑅 .

 vs. SOTA on DOTA-v1.0

Rotation-equivariant backbone:

We implement a rotation-equivariant backbone (ReResNet + ReFPN), which is
equivariant to discrete rotation group ℝ2 , + ⋊ 𝐶𝐶𝑁𝑁 . The produced feature maps 𝑓𝑓
have 𝑁𝑁 orientation channels: 𝑓𝑓 = �𝑓𝑓 (𝑖𝑖) ∣ 𝑖𝑖 ∈ {1,2, … , N}}, and feature maps from
each orientation is corresponding to an element in 𝐶𝐶𝑁𝑁 .

Rotation-invariant RoI Align:

We extend the RoI Align to produce completely rotation-invariant features, which
includes two parts: (1) spatial alignment, same as RoI Align. (2) orientation
alignment: align features from different orientation channels.
𝑓𝑓ˆ𝑅𝑅 = Int 𝑆𝑆𝑆𝑆 𝑓𝑓𝑅𝑅 , 𝑟𝑟 , 𝜃𝜃 , 𝑟𝑟 = ⌊𝜃𝜃𝜃𝜃/2𝜋𝜋⌋

 vs. SOTA on HRSC2016

 Visualization

 vs. rotation augmentation

