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• Spherical distortion : one parameter 


• Projection function :   


• Distance to images center :

ξ ∈ [0,1]
= F(rd, θ)
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Fourier polar positional encoding

We parameterize a smaller-sized bias matrix  and 
 and values in  and  are taken from  and  .

B̂θ ∈ R(2Mθ−1)×2

B̂φ ∈ ℝ(2Mφ−1)×2 a* b*
̂Bθ

̂Bφ Angular relative positional encoding

Motivation
• Wide-angle lenses produce significant distortion. Lens distortion profile 
depends on the type of lens. 


• An approach naively trained for a specific lens overfits to its specific distortion 
and does not generalize well when tested on another lens.


• Rectification of distortion leads to loss of field of view and creates artifacts. 


• We present DarSwin, which embeds the physical characteristics of lenses and  
performs zero-shot adaptation to unknown and out-of-distribution lens profiles 
without fine-tuning. 

Synthetically distorted ImageNet with radial distortionξ

Training data Test data

ResultsMethod

Zero shot 
adaptation without 

fine tuning

Generalization to other distortions out of training distribution 
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Key idea: embedding physical 
characteristics of the lens into the 
network through distortion-
aware radial partition.

This polar format is used to linearly embed each patch using an MLP layer.
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Training sets based on different levels of distortion
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⇠ 2 [0.0, 0.05]

Evaluation on generalization to all ξ ∈ [0,1]
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ξ = 0 ξ = 1

Bθ = aΔθ sin(Δθ) + bΔθ cos(Δθ)Bφ = aΔφ sin(Δφ) + bΔφ cos(Δφ)

Att(Q, K, V ) = Softmax(QKT / d + Bθ + Bφ)V

DarSwin trained with different positional encodings
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Bi-linear 
sampling

Generalization to projection models (Polynomial projection)
0

10
20
30
40
50
60
70
80
90

100

Very Low Low Medium High
DarSwin DAT Swin Swin(Undis)DarSwinDATSwin Swin(Undis)

0
10
20
30
40
50
60
70
80
90

100

Very Low Low Medium High
DarSwin DAT Swin Swin(Undis)

0
10
20
30
40
50
60
70
80
90

100

Very Low Low Medium High
DarSwin DAT Swin Swin(Undis)

0
10
20
30
40
50
60
70
80
90

100

Very Low Low Medium High
DarSwin DAT Swin Swin(Undis)

Very Low Low Medium High
0

20

40

60

80

100

70

80

90

100

Very Low Low Medium High
0

20

40

60

80

100

r d

Incident angle θ
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Linear
Embedding

 Sampling Layer

Swin Transformer
Block

+
Angular Relative

Position Encoding

Polar
Patch Partition

Input Image

Lens distortion
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