
HAL Id: hal-01897326
https://hal.science/hal-01897326

Submitted on 22 Mar 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Image Registration for Biomedical Images on Irregular
Grids

Hong Nhung Pham, David Helbert, Pascal Bourdon, Philippe Carré

To cite this version:
Hong Nhung Pham, David Helbert, Pascal Bourdon, Philippe Carré. Image Registration for Biomed-
ical Images on Irregular Grids. CORESA 2018 (COmpression et REprésentation des Signaux Audio-
visuels, Nov 2018, Poitiers, France. �hal-01897326�

https://hal.science/hal-01897326
https://hal.archives-ouvertes.fr


 
 
Titre : 

Image Registration for Biomedical Images on Irregular Grids 
 

Auteurs : 

Nhung Pham, David Helbert, Pascal Bourdon, Philippe Carré 
 

Résumé (100-200 mots) : 
Microendoscope with spiral scanning produces images on irregular grids [5]. We propose a novel image 
registration strategy on irregular grids using Graph Wavelet (GW) constraint under the Log-Demons 
framework. The GW transformation is flexible to apply to different types of data regardless of the data point 
densities and how complex the data structure is. We also show how the Log-Demons framework can be 
adapted to optimize the objective function defined for images on irregular grids. Our results compare the 
performance of our method on irregular grid with the existing methods on a regular grid. To the best of our 
knowledge, this research is the first study on image registration on an irregular grid. 
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Contexte et état de l’art : 
Our work focuses on registering two images acquired on irregular grids. Such an image has floating point 
coordinates and different point densities. The images are taken by a multiphoton microendoscopic whose 
optical fiber scans along a spiral path, starting from the center to the periphery of the area [5]. Such scanning 
produces a list of raw pixels on an irregular grid with floating coordinates.  
Motivated by the fact that the system requires a robust image mosaics, it is important to have a sufficient 
non-rigid registration between the overlapping regions of two frames to compensate for the non-rigid 
deformations. These overlapping regions are at different positions of the two images, thus, have different 
point densities. Apart from the difficulties of the image grid characteristic, such images come up with much 
noise, illumination changes and non-rigid deformations.  
The Log-Demons registration method [1] is known as a popular method for medical image registration, which 
is simple to implement and fast to compute. However, the optimization with a Gradient based update is easy 
to fall into local minima and lacks geometric invariance. It was shown in [3] that the graph spectrum is 
geometric invariant can be successfully embedded in a direct feature matching method under the Log-
Demons framework to capture large and complex deformations. However, the registration using graph 
spectrum is sensitive to noise.  
Recent research of Hammond et al [2] proposed a new computation of Spectral Graph Wavelets defined in 
the graph spectral domain. It is a flexible model constructed on an irregular weighted graph, thus, allows us to 
utilize the benefits of the graph representation of image on an irregular grid. More importantly, the Spectral 
Graph Wavelets not only represent images at different frequencies but also are isometric invariant under 
deformations of shape.  Our previous work [4] proves the advantages of registration on regular grid using 
Spectral Graph Wavelets (SGW) [2] over the benchmark method that uses the graph spectra, especially when 
noise exists. In this paper, we exploit the previous research on image registration on regular grid that uses 
SGW under the Log-Demons framework to formalize a novel image registration method for images on 
irregular grids.  
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Travail proposé (Décrire l'objectif du travail et indiquer clairement le problème/défi technique étudié) : 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 1: Graph topology of two different 

images on irregular grid (Blue: first image, 

Red: second image) 

 

 

Problem: Find transformation 𝑠 from target image 𝐼𝑇 and source image 𝐼𝑆 such 

that 𝐼𝑇 = 𝐼𝑆∘𝑠 with  𝐼𝑇 ∈ ℝ𝑀, 𝐼𝑆 ∈ ℝ𝑁 with floating point coordinates: 𝑋𝑇 =

(𝑉𝑥𝑡, 𝑉𝑦𝑡),  𝑋𝑆 = (𝑉𝑥𝑠, 𝑉𝑦𝑠), resulting in different graph topologies (Fig. 1). 

Background:  

Graph definition: A graph 𝐺 = (𝒱, ℰ) is composed of a finite set of vertices 𝒱 =

{ν1, ν2, … , νN } and a set of edges ℰ that represents the connection between 

edges, e.g. (𝑖, 𝑗) ∈ ℰ if νi is connected to νj. In this research, each sample point is 

represented by a vertex and edges represent neighboring structure of points. Such 

graph can be represented on an adjacency matrix 𝐴 where 𝐴𝑖𝑗  undirected edge 

weight between vertices νi and νj. 

The Laplacian matrix of a graph 𝐺 is given by 𝐿 = 𝐷 − 𝐴, where 𝐷 is a diagonal 

degree matrix and each value 𝐷𝑖𝑖 on the diagonal is the sum of the weights of all 

the edges incident to vertex νi. 

 Graph Fourier Transform: Given a graph signal 𝑓 ∈ ℝ𝑁 where 𝑁 is the number of vertices, the 

eigendecomposition of the Laplacian matrix is is written as vℓ = 𝜆ℓvℓ , where the set of eigenvalues and 

eigenvectors {𝜆ℓ, vℓ}ℓ=1,…,𝑁 form the eigensystem of the Laplacian matrix. The graph Fourier transform is 

given by: 

𝑓(ℓ) =  ∑ vℓ
∗(𝑛)𝑓(𝑛),

𝑁

𝑛=1

 

Spectral Graph Wavelet Transform: Once the graph Fourier transform is defined, the Spectral Graph 

Wavelets are modulated by a generating kernel 𝑔. The Wavelet coefficients of graph signal 𝑓 at scale 𝑡 is 

given by: 

𝑊𝑓(𝑡, 𝑛) = ∑ 𝑔(𝑡𝜆ℓ)

𝑁

ℓ=1

𝑓(ℓ)vℓ(𝑛) 

In order to encode the low frequency of signal 𝑓, a second class of waveforms ℎ is defined similarly to the 

low pass filter in classical wavelet transform, such that: ℎ(0) > 0 and lim
𝑛→∞

ℎ(𝑥) = 0. The scaling function 

coefficient 𝑆𝑓(𝑛) is given by: 

𝑆𝑓(𝑛) = (ℎ(𝐿)𝑓)(𝑛) =  ∑ ℎ(𝜆ℓ)

𝑁

ℓ=1

𝑓(ℓ)vℓ(𝑛)  

Registration Method: 𝐼𝑆 is first interpolated to the grid of  𝐼𝑇 with scatter interpolation. Then, compute the 

SGWs of 𝐼𝑇 and 𝐼𝑆 on an irregular grid at t scales, resulting 𝑡 + 1 column vectors for each image.  

We choose the first 𝑘 vectors at lower bands for registration, given by 𝑊𝑇 ∈ ℝ𝑀×𝑘 for the target image and 

𝑊𝑆 ∈ ℝ𝑁×𝑘 for the source image. The registration, thus, can be cast into a feature matching problem that 

matches 𝐓 = (𝛼𝑖𝐼𝑇 , 𝛼𝑠𝑋𝑇 , 𝛼𝑔𝑊𝑇) and 𝐒 = (𝛼𝑖𝐼𝑇 , 𝛼𝑠𝑋𝑇 , 𝛼𝑔𝑊𝑇), where 𝛼𝑖 , 𝛼𝑠, 𝛼𝑔 account for the intensity, 

spatial and geometric weights. The objective function is defined as: 

𝐸(𝑇, 𝑆, 𝑠) =  𝛼𝑖||𝐼𝑇 − 𝐼𝑆∘𝑠||2 +  𝛼𝑠||𝑋𝑇 − 𝑋𝑆∘𝑠||2 + 𝛼𝑔||𝑊𝑇 − 𝑊𝑆∘𝑠||2   

The optimization is an iterative approach under the Log-Demons framework [1]. 
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Résultats : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion et perspectives : 

Our method shows that the Log-Demons framework can be adapted to the registration of images with 
floating point coordinates. The experimental results show that this application on the raw coordinates 
without any projection on Cartesian coordinate system performs better than the classical one on a regular 
grid. In all tested cases, the registration based on Graph Wavelets is more robust than the Graph Spectral 
based method. We believe that, our work will motivate other researches on image processing on irregular 
grids. Our future work will focus on studying the impact of graph construction and to create a complete 
panorama from the image sequence. 

 

Références (5 max.): 

[1] Vercauteren, T., Pennec, X., Perchant, A., Ayache, N.: Symmetric log-domain diffeomorphic registration: A             
demons-based approach. Medical Image Computing and Computer-Assisted Intervention MICCAI 2008 pp. 
754-761 (2008) 

[2] Hammond, D.K., Vandergheynst, P., Gribonval, R.: Wavelets on graphs via spectral graph theory. Applied 
and Computational Harmonic Analysis 30(2), 129-150 (2011) 

[3] Lombaert, Herve, et al. "Spectral Demons–image registration via global spectral 
correspondence." Computer Vision–ECCV 2012. Springer, Berlin, Heidelberg, 2012. 30-44. 

[4] Pham, Nhung, et al. "Spectral Graph Wavelet based Nonrigid Image Registration." 2018 25th IEEE 
International Conference on Image Processing (ICIP). IEEE, 2018. 

[5] Ducourthial, Guillaume, et al. "Development of a real-time flexible multiphoton microendoscope for label-
free imaging in a live animal." Scientific reports 5 (2015): 18303. 

 

(a) Registered images 

(b) First pair 

 

First pair 

 

First pair 

(c) Second pair 

Figure 2: Comparison between the registered images and SNR values of 

our method and the existing methods for two pairs of images (𝛼𝑔 = 1, 

𝛼𝑠 = 5, 𝛼𝑖 = 20 for registration on irregular grid) 

 

 

Figure 3: Registration of the first pair on irregular grids (Red channel: target 

image, Green channel: source image) 

 

We benchmark our method against the two methods on 

regular grid (Spectral Demons, SGW Demons) and 

Spectral Demons on irregular grid.  

We experiment two random pairs of frames in the 

sequence. The target and source images are cropped 

from the chosen frames.  The system allows us to know 

the global shift between every two frames. For 

visualization, the images are projected on 100x100 

Cartesian grid, and so for the tests on regular grid. 

In Fig. 2a, each row represents the registered images of 

one pair of images with different methods. It can be 

clearly seen that the registration on a regular grid suffers 

from the smoothing effect.  

Fig. 2b shows the Signal to Noise Ratio (SNR) values w.r.t 

the number of iterations. In both cases, the registration 

on regular grid is inconsistent. On irregular grids, the 

SGW Demons improves approximately 0.6 dB in the first 

pair and 0.5 dB in the second pair.  

Fig. 3 allows us to see more clearly the result of our 

method applied on the first pair of images on irregular 

grids. In the representation of the difference, the target 

image is in the red channel, the source and registered 

images are in the green channel. The region covered by 

red line shows that the differences between the 

registered image and the target image have an 

improvement compared to the initial difference.  


