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 Aerial object detection

natural image: horizontal bounding box aerial image: oriented bounding box

演示者
演示文稿备注
Here we first introduce the concept of aerial object detection. 
Different from generic object detection which regresses horizontal bounding boxes of object of interests, aerial object detection is usually formulated as an oriented object detection task.
So we need to obtain both the size and orientation of an aerial object.
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 Challenges in aerial object detection

arbitrary orientations large scale variations dense distribution
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 Motivations

CNNs are not equivariant to rotation To train an accurate detector?
 more training data
 large capacity model

Problems:
 longer training time
 more computation
 more parameters
 slow inference speedunstable and delicate 

as the orientation changes
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 Motivations

 feature encoding: rotation equivariance, model orientation information
 object detection:  rotation invariance, extract rotation-invariant feature for arbitrary 

oriented objects.
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 Preliminaries

For a transformation group 𝐺𝐺 and a function Φ:𝑋𝑋 → 𝑌𝑌 , equivariance is a property: 

Φ 𝑇𝑇𝑔𝑔𝑋𝑋(𝑥𝑥) = 𝑇𝑇𝑔𝑔𝑌𝑌 Φ 𝑥𝑥 ,∀(𝑥𝑥,𝑔𝑔) ∈ (𝑋𝑋,𝐺𝐺)

CNNs are known to be translation equivariant: 

𝑇𝑇𝑡𝑡𝑓𝑓 ∗ 𝜓𝜓 𝑥𝑥 = 𝑇𝑇𝑡𝑡 𝑓𝑓 ∗ 𝜓𝜓 𝑥𝑥 , x ∈ ℝ2, +

Rotation-equivariant network extends CNNs to rotation equivariance:

𝑇𝑇𝑔𝑔𝑓𝑓 ∗ 𝜓𝜓 𝑔𝑔 = 𝑇𝑇𝑔𝑔 𝑓𝑓 ∗ 𝜓𝜓 𝑔𝑔 , 𝑥𝑥 ∈ ℝ2, + ⋊ 𝐶𝐶𝑁𝑁
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 Preliminaries

For layer 𝐿𝐿𝑖𝑖, the rotation 𝑇𝑇𝑟𝑟 can be preserved by the layer:
𝐿𝐿𝑖𝑖 𝑇𝑇𝑟𝑟(𝑔𝑔) = 𝑇𝑇𝑟𝑟 𝐿𝐿𝑖𝑖(𝑔𝑔) ,𝑔𝑔 ∈ 𝐺𝐺

For Φ = 𝐿𝐿𝑖𝑖 ∣ 𝑖𝑖 ∈ {1,2,⋯ ,𝑀𝑀} , the rotation 𝑇𝑇𝑟𝑟 will be preserved by the whole network:

∏𝑖𝑖=1
𝑀𝑀 𝐿𝐿𝑖𝑖 𝑇𝑇𝑟𝑟𝐼𝐼 = 𝑇𝑇𝑟𝑟 ∏𝑖𝑖=1

𝑀𝑀 𝐿𝐿𝑖𝑖 (𝐼𝐼)

For an image region 𝐼𝐼𝑅𝑅 ∈ 𝐼𝐼 and its rotated version 𝑇𝑇𝑟𝑟𝐼𝐼𝑅𝑅, we have:
Φ 𝑇𝑇𝑟𝑟𝐼𝐼𝑅𝑅 = 𝑇𝑇𝑟𝑟Φ 𝐼𝐼𝑅𝑅 .

By applying an inverse rotation 𝑇𝑇𝑟𝑟′, we get the rotation-invariant representation:
Φ 𝐼𝐼𝑅𝑅 = 𝑇𝑇𝑟𝑟′Φ 𝑇𝑇𝑟𝑟𝐼𝐼𝑅𝑅 .
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 Architecture

 two-stage framework: based on RoI Transformer

 rotation-equivariant backbone: encodes orientation information explicitly

 rotation-invariant RoI Align: get rotation-invariant feature representation of objects.



Rotation-equivariant Detector

9

 Rotation-equivariant backbone

 a rotation-equivariant backbone: ReResNet + ReFPN 

 equivariant to discrete rotation group ℝ2, + ⋊ 𝐶𝐶𝑁𝑁. 

 feature maps 𝑓𝑓 have 𝑁𝑁 orientation channels: 𝑓𝑓 = �𝑓𝑓(𝑖𝑖) ∣ 𝑖𝑖 ∈ {1,2, … , N}}

 feature maps from each orientation is corresponding to an element in 𝐶𝐶𝑁𝑁.
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 Rotation-invariant RoI Align

 spatial alignment: same as RoI Align. 

 orientation alignment: align features from different orientation channels.
𝑓𝑓𝑅𝑅 = Int 𝑆𝑆𝑆𝑆 𝑓𝑓𝑅𝑅 , 𝑟𝑟 ,𝜃𝜃 , 𝑟𝑟 = ⌊𝜃𝜃𝜃𝜃/2𝜋𝜋⌋

𝑆𝑆𝑆𝑆: switch channels    𝐼𝐼𝐼𝐼𝐼𝐼: interpolation
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 Datasets
 DOTA-v1.0: 188, 282 instances, 2806 images, 15 categories, size: 800~4000
 DOTA-v1.5: 402, 089 instances, 2806 images, 16 categories, size: 800~4000
 HRSC2016: ship detection, 1000 images, size: 300~1500

 Implementation Details
 ImageNet pretrain: train ReResNet on ImageNet.
 Fine-tuning on detection: 1x for DOTA, 3x for HRSC2016
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 Ablations
 rotation-equivariant backbone

 RiRoI Align

 extend to other detector

 vs. rotation augmentation
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 Ablations
 other datasets

 accuracy vs. params
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 Ablations
 SOTA on DOTA-v1.0.
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 Ablations
 SOTA on DOTA-v1.5.

 SOTA on HRSC2016.
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 Visualization
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