
PhD project proposal  

Multi-layer object representations for integrated shape and texture 
analysis,with applications in biomedical image processing 

 
The aim of the proposed PhD project is to develop the theoretical foundation for a class of methods 
applicable to multi-layeredheterogeneous object representations and to apply and evaluate these methods in 
challenging research and clinical biomedical applications, where the currently used approaches and tools are 
insufficient. 

Background 
Imaging and image analysis have nowadays very strong impact on research in Life Sciences. As pointed out in 
[1], the use of microscopy imaging in biology is rapidly changing, due to the increasing availability of a variety 
of microscopic techniques that allow for integration of different types of information about a specimen. 
Efficient analysis, quantification, description, and understanding of such multi-channel data require 
development of advanced multi-layered image processing techniques, where an image layer may be a 
spectral/color channel, an image acquired at a particular modality, a scale-space component, a computed feature 
such as texture descriptor, or shape-related information, etc.   

The project  
Recognition, classification, and quantitative analysis of objects of interest in complex and large 
multidimensional data sets generated by modern microscopes require powerful and well adjusted image 
analysis techniques. Methods which allow rapid and easy analysis during transition between different scales of 
objects (from nano to micro to milli), and fusion of information acquired at different scales and from different 
imaging modalities, under changing temporal and spatial conditions, are in high demand. Fig.1 illustrates steps 
in an automated multiscale search approach to perform ultra-structural analysis in Transmission electron 
Microscopy (TEM). The  sample measures a couple of millimeters, and the objects of interest are of a size at 
the single nanometer scale. 

 
 
Fig. 1: A sequence of images illustrating the vast search space in cilia detection, as well as images of different 
magnifications used in the automated analysis. a) Sample grid with FOV = 2.5mm. b) Part of image with FOV = 30.3µm 
c) Part of image with FOV = 3.8µm d) Single cilium image with FOV = 300nm.  
 
An example of simultaneously collected microscopy images of red blood cells is shown in Fig. 2. There exists 
no direct mapping of intensities between the different modalities and reliable feature points are often lacking. In 



many cases manual interaction is required for the registration step, which is costly, tedious and imprecise. 
Automated approaches are, hence, highly desired.  
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Fig. 2: Simultaneously collected microscopy images of red blood cells 

(a) Scattering-type Scanning Near-Field Optical Microscopy (s-SNOM); 
(b) Reflectance Confocal Laser Scanning Microscopy (CLSM); 
(c) Identified position of the FoV of s-SNOM in the FoV of CLSM; 
(d) Cropped CLSM image, registered with the s-SNOM, for further correlative analysis. 

 

Aim 1, Theoretical development:  

To explore approaches for selection and fusion of discriminative features (based on shape, texture, color, etc.) 
to be used in multi-layer object representations. To explore suitable dimensionality reduction approaches in 
non-linear and curved Riemann manifolds, where most useful mathematical models used in image analysis 
naturally belong [2], to achieve high efficiency in analysis based on selected discriminative features. To analyse 
and further develop the similarity measure proposed in [3], and further studied in [4,5]. To explore applicability 
of the representations, as well as the similarity measures, in combination with a variety of pattern recognition 
and machine learning tools.To apply and develop appropriate optimization strategies, in addition to fast 
implementations of the observed methods. 

 
Aim 2, Application of developed methods:  

The tools for analysis of multi-layered representations which will be developed within the project will be used 
to address a range of problems relevant in microscopy. 

Vironova AB, a partner in this project, has recently co-developed the MiniTEM instrument (a bench top 
transmission electron microscope) for fast, easy and cost-effective TEM imaging. The company is now 
interested in the possibility to automate the image acquisition and efficiently search for patterns/objects of 
interest, which requires multi-resolution image analysis methods, with general and flexible tools for object 
detection, recognition, registration, classification, and quantitative analysis at multiple scales. We have already, 
in collaboration with Vironova, developed methods for TEM image analysis [6-8]. This has taught us about 
strengths and weaknesses of the existing method and has affirmed the need for the proposed project. 

Vironova will provide image material, as well as expertise regarding specimen preparation and imaging, via co-
supervision of the project. This close collaboration with Vironova will ensure relevance of developed 
algorithms and provide fast feedback on ideas and prototypes during the course of the project.  
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