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Multi-Modal Medical Image Registration based on Non-Rigid Transformations and Feature Point Extraction by using Wavelets R. Rosas-Romero, J. Rodríguez-Asomoza, V. Alarcón-Aquino, D. Báez-López. Universidad de las Américas-Puebla (UDLA-P) Departamento de Ingeniería Electrónica Exhacienda Sta. Catarina Mártir, Cholula, Puebla, México [email protected], [email protected] Abstract – In order to correctly match two sets of images from different modalities, our method applies a non-rigid transformation to one set to get as close as possible to the other. This requires the estimation of the optimal similarity transformation between the two sets of images. Estimation of the non-rigid deformation between two sets of images is referred to as the deformation estimation between the pair of three-dimensional objects extracted from both sets. We present a new methodology for image registration by first extracting objects from the sets of images by reconstructing the object surfaces where this extraction supports semi-automatic segmentation of sets of 3-D medical images and then finding the best similarity transformation based on matching the two extracted 3-D surfaces by minimizing the differences between them. Our approach is not only based on the matching of two sets of surface points, but also incorporates the matching of two sets of feature points, and we have shown that deformation estimates based on simultaneous matching of surfaces and features are more accurate than those based on surface matching alone. This is especially true when the deformation involves physically realistic cases, such as those in human organs. Our technique uses Free-Form Deformation Models and applies the Wavelet Transform to extract feature points in the 3D space. Feature point extraction also provides a means to compute the error in our estimates. We have applied our method to register sequences of MRI images to histology images of the carotid artery. Keywords – IEEE Keywords



I.



INTRODUCTION



Registration of images from two different modalities is accomplished first by systematically reconstructing the surfaces and feature point sets of two 3-D objects extracted from two sets of images. Therefore, for each set there is a representation of the object that consists in its surface and a set of feature points. Feature points to be extracted are those that can be used as a reference before and after a deformation. After generating a representation for each of the two 3-D objects, we find the best similarity transformation that represents the object deformation between them. This transformation is then applied to a set of images to register it to the other set.



II. EXTRACTION OF A 3-D OBJECT SURFACE FROM AN IMAGE SEQUENCE BASED ON ACTIVE CONTOUR MODEL Extraction of the surface of an object from an image set consists in reconstructing its shape from points collected from its physical surface. There is a set of 3-D images that describes an object that is used as a reference. A set of imaging planes was obtained by scanning the object in parallel slices and the intersection of each imaging plane with the object gives a contour. Tracing of contour points on parallel imaging planes and joining them generates a 3-D surface. We use active contour models to extract contour points from images [1]. Consider the problem of detecting the borders of a 3-D reference object. If there are m planes per 3D object, and n points per plane; then there are N = mn contour points to be searched. By using the Original Snake Active Contour Model, a single imaging plane is used to detect n contour points on that specific plane, and this process is repeated for each of m imaging planes in the object. Instead of attempting to perform contour detection for each imaging plane in isolation, we directly approach it as a 3-D problem; so that the mn contour points corresponding to the object surface are detected at once from multiple imaging planes [23]. A snake is a deformable curve which approaches contours on images by optimizing the placement of the snake points that form the curve. In the 3-D model, each snake point v(r,s) = [x(r,s), y(r,s), z(r, s)]T is a function of two parameters r (spatial index), s (imaging plane index); so that the 3-D snake function to be optimized is defined as f(v) = Į1ŒvrŒ + Į2ŒvsŒ+ ȕ1ŒvrrŒ + ȕ2ŒvssŒ + ȕ4ŒvrsŒ+ E, where {Įi } are constants imposing a tension constraint, and {ȕi } are constants imposing a bending constraint and E is some sort of image gradient function [4]. A. Extraction of 3-D object feature points from a set of images For feature extraction, similar regions of the object from two different sets of images are manually identified. Then two feature points are extracted, one point in the identified region from one of the sets of images and the other point in
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the region from the second set. Therefore, feature extraction and feature correspondence establishment are accomplished simultaneously. Each selected feature point is an edge point whose edge response is maximum within the identified region. This edge-based approach for extraction of pairs of corresponding feature points from 3-D regions applies the Wavelet Transform (Hsieh et. al. [5-6]). Let’s consider two objects O and O’, which are related with a non-rigid deformation. To find a pair of correctly-matched feature-points from these two objects, we must first manually identify a 3-D region from the set of imaging planes {I1, I2,…, Im} that describes O, and also a similar region from the set {I1’, I2’,…, In’}corresponding to O’. A region of interest in O is defined as a 3-D discrete function f(x, y, z) that gives a gray level value. At z = zr, f(x, y, zr) corresponds to a rectangular window within one particular imaging plane from the set of images {Ii}. Similarly, a region of interest in O’ is a discrete function g(x, y, z), where g(x, y, zs) corresponds to a rectangular window on one imaging plane from {Ij’}. Basically, these discrete functions are generated by extracting sections from images and stacking them. The condition used to identify regions of interest is that they must contain structures that are common to both objects O and O’. These structures correspond to sharp variations, which are generally located at boundaries, edges or corners. Once f(x, y, z) and g(x, y, z) are established; one feature point P(x, y, z) is automatically extracted from f(x, y, z) and a corresponding point Q is obtained from g(x, y, z) [7]. The pair (P, Q) is called a correctly-matched feature-point pair. Wavelet transform for multi-resolution local analysis is applied to extract these points [8-9].



feature points, d2 = d(FP2, T[FP1]). This combination is expressed as C(p) = Į1 d1 + Į2 d2, where d1 and d2 depend on the deformation parameters p, and are quantitatively weighted by means of the coefficients Į1 and Į2, which are obtained by averaging the number of feature points and the number of surface points to be matched. Free Form Deformation FFD models are used to describe non-rigid deformations (Sederberg et. al. [12]). These models describe the deformation of an object in terms of the deformation of the space that contains the object. The set of parameters p for the transformation function T consists of a set of deformation vectors {vijk} located in a 3-D discrete grid (Szeliski and Lavalle [13]) and express the deformation displacement at discrete locations. To obtain a continuous function for the deformation displacement v(x, y, z) in the three-dimensional space, interpolation of the discrete set of vectors is applied by linearly combining splines so that v(x, y, z) = ™ vijk Ȍijk(x, y, z) where the set of vectors {vijk} serve as a set of interpolating coefficients and the interpolating function Ȍijk(x, y, z) is a first-order spline. The mathematical model for the function that represents the free-form deformation of an arbitrary point corresponds to a mapping from the source coordinates (x, y, z) to the transformed coordinates (x’, y’, z’), [x’, y’, z’] T = [x, y, z]T + v(x, y, z), where the displacement function v(x, y, z) is a linear combination of interpolating functions. In order to estimate the set of deformation parameters p the error function C(p) is minimized. III. EXPERIMENTS AND RESULTS



B. Non-Rigid Deformation Estimation Once a set of surface points S and a set of feature points FP in the object are established for each set of images, we need to find the transformation function T[] that matches the sets S1 and FP1, that represent the object before deformation, to the sets S2 and FP2, representing the object after deformation, so that T[{S1, FP1}, p] § {S2, FP2}, where p are the transformation parameters that have to be found. The search of the deformation parameters is an optimization process that minimizes the differences between two sets of points (Levenverg-Marquardt Least Squares Minimization) [10, 11]. During this optimization process, deformations are systematically applied to S1 and FP1, by adjusting the set of parameters p, until the corresponding sets of transformed surface- and feture-points T[{S1, FP1}, p] get as close as possible to the sets {S2, FP2} so that the distance d() between both sets is minimized. Thus, estimating deformation can be referred to as the minimization of the cost function, C(p) = d({S2, FP2}, T[{S1, FP1}]). The distance function is a linear combination of two distances: the distance between the two sets of surface points, d1 = d(S2, T[S1]); and the distance between the two sets of



Experiments were conducted using real medical data. The reference objects for registration were the lumen of a Carotid Artery, and were conducted to register MRI and Histology data sets. The most common distortion between data from MRI and data from Histology is the shrinkage of the tissue during the histological process. Thus, to perform registration of an object extracted from these modalities, non-rigid deformation between them is estimated and then the object from Histology is morphed back to match the one from MRI. During these experiments, sets of 16 MRI imaging planes were obtained from a section of the carotid artery, with each imaging plane represented by a 512 x 512 pixel matrix over a field of view of 90 mm x 90 mm, with a distance of 2 mm between adjacent planes. The histological section of the same lumen was digitized to generate a set of 36 imaging planes, using a matrix of 480 x 512 pixels over a field of view of 170 mm x 180 mm, with variable distances between adjacent slices. Figure 1 shows different views of the reconstruction of the lumen surface from the set of MRI images. Figure 2 shows the corresponding reconstruction from Histology. Images from both modalities were used to extract feature points from regions of interest, and the criterion used to



764



identify these features was that they had to contain structures common to both modalities, with such structures corresponding to sharp variations generally located at boundaries, edges or corners. Therefore, for each region of interest in the Histology set, there is a similar region selected from the MRI set. Surface and feature points from Histology data are matched to those from MRI by estimating non-rigid deformation between both modalities. These estimates took less than 5 minutes on a HP machine and required initialization of the Levenberg-Marquardt algorithm by setting the deformation parameters to zero. After performing 10 iterations of rigid matching followed by 40 iterations of non-rigid matching, the registered data sets appear in figure 3.



Figure 1. Surface reconstruction from histology data



Figure 2.Surface reconstruction from MRI data



IV. CONCLUSIONS This paper presents a new technique for multi-modal image registration based on the estimation of non-rigid deformation in the three dimensional space. The application consists in registering sets of data from different imaging modalities. This allows comparison and integration of information from different modalities. The specific case under study consists in the morphing of data from histology sections to match MRI data. This image registration technique supports semi-automatic segmentation of sets of 3-D medical images. The proposed surface extraction technique employs gradients in sequences of 3-D medical images to attract a deformable surface model by using imaging planes that correspond to multiple locations in space, instead of detecting contours on each imaging plane in isolation. In the field of medical image analysis, human experts also rely on multiple imaging planes to determine the borders of objects of interest. The effectiveness and accuracy of the deformation estimates depend on the number of surface points and the number of feature points extracted from sets of medical images. An issue concerning this relation that is difficult and deserves attention is to develop a methodology to find the optimal number of points that gives the best estimates and does not sacrifice speed of computation. In order to obtain a set of correctly-matched feature-point pairs, our method requires the manual selection of similar regions of interest between two imaging modalities to obtain two 3-D discrete-space gray-level functions. As a consequence, it also requires manual establishment of correspondence between two sets of features. The extraction of a feature point from the region of interest applies the Wavelet Transform. To avoid manual selection of regions of interest, we suggest the automatic extraction of feature points from the whole region described in a sequence of images. This implies that conditions to judge the selection of feature points must be developed. One way to automatically establish a correspondence between two sets of feature points is the use of combinatorial search. This will require the development of a measurement of the similarity for two features points that must overcome the differences between two target images. ACKNOWLEDGMENT This work was funded by CONACYT Grant J-40574-Y. REFERENCES [1]



Figure 3.Matching of histology data to MRI data
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