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Non-parametric Image Registration
 Objective function:

𝐸 𝐼𝑇 , 𝐼𝑆, 𝑠 = 𝛼𝑖𝐸𝑠𝑖𝑚(𝐼𝑇 , 𝐼𝑆∘𝑠) + 𝛼𝑟𝐸𝑟𝑒𝑔(𝑠),
𝐸𝑠𝑖𝑚 𝐼𝑇 , 𝐼𝑆∘𝑠 = 𝐼𝑇 − 𝐼𝑆∘𝑠

2
,

𝐸𝑟𝑒𝑔 𝑠 = 𝑋𝑇 − 𝑋𝑆∘𝑠
2

𝛼𝑖: intensity weight
𝛼𝑟: spatial weight

𝐼𝑆′ ← 𝐼𝑆∘𝑠𝐼𝑇′ ← 𝐼𝑇∘𝑠−1

Build auxiliary with SGW constraints

Target:𝐼𝑇 Source:𝐼𝑆

Forward mapping
𝑢𝑓𝑤: 𝐼𝑇 → 𝐼𝑆′

Backward mapping 
𝑢𝑏𝑤: 𝐼𝑆 → 𝐼𝑇′

Average mapping

𝑢 ←
1

2
𝐾fluid ∗ (𝑢𝑓𝑤 − u𝑏𝑤)

Update velocity 
𝑣 ← 𝐾diff ∗ (𝑣 + 𝑢)

Transformation field 
𝑠 ← exp(𝑣)

Output
𝑠

Loop until 
Registration 
complete
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Motivation
Nonrigid image registration for medical

images
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Method

 Local deformation

Global deformation
Geometric invariance
Adapt to noise
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Registration with SGW constraint
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Digital Image Image represented on Graph
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Laplacian matrix

𝐿 = 𝐷 − 𝐴

Data Representation on Graph

Spectral Graph Wavelets Transform
 Modulated by generating kernel 𝑔
 SGW of 𝑓 at point 𝑖 and scale 𝑡:

𝑊𝑓 𝑡, 𝑖 = 

ℓ=1

𝑁

𝑔 𝑡𝜆ℓ  𝑓 ℓ vℓ 𝑖

(𝜆ℓ ,vℓ: ℓ
th eigenvalue and eigenvector of 𝐿

 𝑓 ℓ : Fourier transform of graph signal 𝑓)

 Low frequency encoded by ℎ: 
ℎ 0 > 0, lim

𝑥→∞
ℎ 𝑥 = 0

SGWs can be applied to spectral matching, and then adapted to the Log-Demons framework.
Our method outperforms the existing methods on similar framework
Our method is more robust to noise

ConclusionConclusion

Robustness to noise 

Log-Demons SpetralLog-Demons

Our method

MSE with respect to Gaussian noise (𝜎noise)Comparisin between our proposal and the existing methods when no noise is added

Experiments on brain T1 images and endomicroscopic images 

 Scaling function

𝑆𝑓 𝑖 = 

ℓ=1

𝑁

ℎ 𝜆𝑙  𝑓 ℓ vℓ 𝑖

Proposed Method
Objective function:
𝐸 𝐼𝑇 , 𝐼𝑆, 𝑠

= 𝛼𝑖𝐸𝑠𝑖𝑚 𝐼𝑇 , 𝐼𝑆∘𝑠 + 𝛼𝑟𝐸𝑟𝑒𝑔 𝑠 + 𝛼𝑤 𝑊𝑇 −𝑊𝑆∘𝑠
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(𝛼𝑤: geometric weight)

 Optimization: Log-Demons framework. [Ver2008]

ResultsResults

Adjacency matrix: 𝐴𝑖𝑗 =  
exp −

𝐼1−𝐼2
2

𝐾2
if 𝑖, 𝑗 ∈ ℰ

0, otherwise

Graph representation

SGWT:  - Fast and easy to implement
- Represent image spectra hierarchically 

Advantages:
- Fast and easy to use
- Adapt well with medical 

images

Disadvantages:
- Local minima
- Sensitive to noise
- Lack of isometric invariance


