Short Description of Selected Research Projects

See also Lab Web-site via Home-Page

Superresolution in MRI

Resolution augmentation is important for visualization and early diagnosis. In this research, MRI reconstruction using super-resolution is investigated. In 2-D multislice MRI, the resolution in the slice direction is often lower than the in-plane resolution. For certain diagnostic imaging applications, isotropic resolution is necessary but true 3-D acquisition methods are not practical. The novel contribution of this research is to show that if the imaging volume is acquired two or more times, with small spatial shifts between acquisitions combination of the data sets using an iterative superresolution algorithm gives improved resolution and better edge definition in the slice-select direction. The method also improves the signal-to-noise efficiency of the data acquisition. The superresolution framework is currently being extended to additional modalities, such as MRA and CT. The research has been presented at international conferences and has resulted in several publications. 

H. Greenspan, G. Oz, N. Kiryati, S. Peled: MRI Inter-Slice Reconstruction Using Super Resolution. Magnetic Resonance Imaging 20: 437-446, 2002.
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Figure 1: Phantom input.  Output of MRI todate (left); (b) Superresolution output (right).

Coronary Analysis Research
The field of Quantitative Coronary Angiography (QCA) entails a wide variety of research problems, such as geometrical modeling of vessels, stenosis computations, and blood flow measurements. A major component of any coronary analysis tool is the accurate estimation of the vessel centerline. Currently no standard tool is available for extracting the centerline; moreover, testing of centerline extraction accuracy in QCA algorithms is a very difficult task. In a major focus of the research todate, a simulation tool was developed in the lab to generate synthetic angiographic images of a single coronary artery with predetermined centerline and diameter function. This simulation tool was used to create a library of images for the objective comparison and evaluation of QCA algorithms. The developed tool provides the means for understanding the relationship between QCA algorithms’ performance and vessel’s geometrical parameters. This research has matured into several conference publications and a major journal publication. Further research in the area includes the evaluation of the effect of vessel geometry as well as stenosis geometry on the flow within the vessel.

H. Greenspan, M. Laifenfeld, S. Einav and O. Barnea, ``Center-line Extraction in Quantitative Coronary Angiography as a Function of the Coronary Geometrical Complexity," in IEEE Transactions on Medical Imaging IEEE-TMI 20(9): 928-941, 2001

Content-Based Image Retrieval:

Image representation, segmentation and matching

&

Medical image retrieval

Content-based Retrieval in image databases is a new field of research that relates to the general information management field. Visual information management is a broad topic that requires the representation of imagery input via all the basic visual primitives, as well as the development of advanced grouping mechanisms and learning technology. We focus on the development of general theoretical algorithms for image representation, segmentation and matching, as well as new work in the promising and very challenging application domain of medical imagery databases. 

Advanced Image Processing and Retrieval Systems for Pathology and Histology
In a particular project in this field, spectral imaging and microscopy were combined for the representation of white blood cells, towards the goal of detecting and classifying Leukemia. 

Computational analysis of the spectral maps allows for the objective quantification of a set of parameters, or features, representing the cell. The features used in this work include the area and perimeter of the nucleus, circularity, edginess and the spectral pattern. The analysis pursued showed that each class of cells is associated with a set of unique parameters. We conclude that spectral analysis combined with feature analysis provides significant information in the analysis of lymphoproliferative disorders and may serve as an additional tool for the histopathological evaluation of disease.
H. Greenspan, C. Rothmann, T. Cycowitz, Y. Nissan, A. Cohen and Z. Malik, “Classification of Lymphoproliferative Disorders by Spectral Imaging of the Nucleus", Journal of Histology and Histopathology, Vol. 17, No. 3, pp. 767-73, 2002.

A Probabilistic Framework for the Spatio-Temporal Segmentation of Lesions in MR Images of the Brain
In this work we focus on statistical space-time modeling for the automatic detection, segmentation and tracking of lesions in MR images of the brain. The neurological disease of multiple sclerosis (MS) is characterized by the presence of areas of demyelination and inflammation in the brain’s white matter (WM), known as multiple sclerosis lesions (MSL). In cases of relapsing-remitting MS, which is the most common variant of the disease, the lesions appear and disappear periodically. Magnetic resonance imaging (MRI) is increasingly being used to assess the progression of MS and to evaluate the effect of drug therapy. The tracking in time of lesions, i.e., their spatio-temporal segmentation, is a key stage in the quantitative analysis of MS images (disease burden calculation). Segmentation of lesions is an essential part of any clinically oriented visualization tool, as well. Allowing for an automated segmentation process is of great importance as manual delineation has proven to be very time-consuming and not reproducible due to high inter- and intra-observer variability. 

The objective of the proposed research is to develop and evaluate probabilistic methodologies for the automatic detection, segmentation and tracking of MS lesions. Achieving segmentation and tracking within a unified framework is of theoretical and applicative significance in the field, and will be extended to additional tumor analysis. 
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(b)

Figure 2: Visualization of the detection process. (a) Several examples from the sequence of brain MR images. The images are ordered chronologically according to the time of acquirement (left to right). (b) The same series of images, where the objects detected as MS lesions are numbered. Objects marked by the same number demonstrate the tracking capabilities of the framework.

Allon Shahar and Hayit Greenspan, “A Probabilistic Framework for the detection

and tracking in time of multiple sclerosis lesions," IEEE International Symposium on

Biomedical Imaging (IEEE-ISBI), Washington DC, 2004.
Automatic Identification of Bacterial Types using Statistical Imaging Methods

Automated tools are developed in this work to identify microbiological data types using computer-vision and statistical modeling techniques.  Bacteriophage (phage)-typing methods are used to identify and extract representative profiles of bacterial types, such as the Staphylococcus Aureus. Current systems rely on the subjective reading of profiles by a human expert. This process is time-consuming and prone to errors, especially as technology is enabling the increase in the number of phages used for typing. The statistical methodology presented in this work, provides for an automated, objective and robust analysis of visual data. The statistical framework enables the signature extraction (or profiling) of visual data,  along with the ability to cope with increasing data volumes. It is applicable in many additional related domains, such as microarray data. 

S. Trattner, H. Greenspan, G. Tepper and S. Abboud, Automatic Identification of

Bacterial Types using Statistical Imaging Methods," IEEE Trans on Medical Imaging

(IEEE-TMI), Vol 23, No. 7, pp. 807-820, July 2004.
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