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Medical Image Analysis, Assignment 2
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Introduction

In this project you will do shape analysis and create a shape model which you will
use to segment kidneys in renal scintigraphy images. The purpose of this assignment
is to develop a shape model and use this model to improve the segmentation process.
The assignment has two parts. In the first part you will develop a shape model based
on a number of segmented kidneys. This model will be based on points sampled
along the contour of the kidneys. In the second part you will use this model in order
to improve the segmentation of further kidneys.
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The Rules

The assignment is handed out at the lecture Monday November 19. The deadline is on Wednesday December 5 (23:59 CET). Each student should hand in
his or her own individual solution and should, upon request, be able to present the
details in all the steps of the used algorithm. You are, however, allowed to discuss
the assignment-problem with others. You may also ask your teachers and the course
assistants for advice, if needed.
The report. Present you work in a report of approximately four A4-pages, written
in English or Swedish. The report should (at least) contain an introduction, a
description of theory and the method used, a section with results (including a few
images, illustrating obtained results) and, finally, a conclusion, where the results are
discussed.
You may submit your code along with the report, if you want to (see below). However, the teacher is going to judge your work based on the report alone. A wellwritten report will have a positive influence on the grade you obtain. Usually, the
teacher will check the code only in very special cases, for instance when the results
seem strange or if persistent problems remain with your implementation.
Submitting your work. Email the report as a pdf-file with the name format
assignement_2_yourname.pdf to the adress fman30@maths.lth.se. You may attach your code to the message, for instance by collecting all the m-files in a compressed folder1 . Write your name and the assignment number in the subject
line of your email.
1
Make sure that your matlab scripts are well commented and can be executed directly (that is,
without loading any data, setting parameters etc. Such things should be done in the sript.)

1
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Background

Scintigraphy is an imaging technique where the decay of a radioactive substance is
measured with a gamma camera. In renal scintigraphy the radioactive substance
is 99m Tc, Technetium. To get an image of the kidneys, this radioactive substance
is attached to a biological molecule called dimercaptosuccinic acid (DMSA) which
accumulates in the kidneys. This substance, 99m Tc-DMSA, is injected into the patient’s blood flow and the images are acquired after 2–3 hours. Then you get an
image as the one in Figure 1 where in most cases only the kidneys are visible (the
urinary bladder can sometimes show up in the images too).

Figure 1: A renal scintigraphy image.
The images used in this project were acquired from children who have had repeated
urinary tract infections which has lead to inflammation in the renal pelvis and left
untreated this can cause scars in the kidneys. In the future these scars can lead
to renal failure. The uptake of 99m Tc-DMSA is normally homogeneous but if the
patient has scars, these can be seen as wedge-shaped regions with lower uptake.
Because of this it is practical to use a shape model when segmenting the kidneys,
since for example an edge detector might fail to include the scars if they are located
close to the edge of the kidney (which is common).
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Manual Segmentations

To create a shape model you need manual segmentations of organ of interest. These
are preferably done by a physician who has great knowledge of the appearance
of the organ. An example of such a segmentation can be found in man_seg.mat,
where several landmarks has been placed around one of the kidneys of patient 1
in dmsa_images.mat (in main_dmsa.m code are provided to load the images correctly). Observe that the coordinates of the landmarks are represented as complex
numbers in the variable man_seg. If you run the example code you will also obtain
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the x-coordinates and the y-coordinates in the variables Xmcoord and Ymcoord respectively. However, it is not convenient to work with this many landmarks when
creating a shape model.
For the report: Resample these landmarks to 14 equally spaced landmarks around
the kidney, where landmark number 1 coincides with the given landmark number
1 for the first patient.
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Shape Model

You are now given manual segmentations of the kidneys in the first 20 images in
dmsa_images.mat. They are stored in models.mat and should be used in the rest
of the assignments. Observe that the coordinates of the landmarks are represented
as complex numbers in the variable models. If you run the example code you will
also obtain the x-coordinates and the y-coordinates in the variables Xcoord and
Ycoord respectively. Since there are no consistent differences between left and right
kidneys, the left sided manual segmentations has been mirrored and one shape model
for both kidneys can be constructed. There are code in main_dmsa.m which can be
used as a start to visualize the images and the manual segmentations. The manual
segmentations are stored as: 14 (landmarks) × 40 (kidneys) in complex notation,
where columns 1-20 are the right sided kidney of patient 1-20 and columns 21-40
are the mirrored left sided kidneys of patient 1-20.
Since we only want to model the shape of a kidney, the first step is to remove
the scale, translation and rotation. This can be done using generalized Procrustes
analysis. After aligning the shapes calculate the covariance function of the points and
the corresponding eigen-values and eigen-vectors in order to obtain a shape model.
Observe that the alignment should take care of different positions, orientations and
scales of the kidneys in the data-set and the eigen-shapes should describe the shape
variations and not variations in position, orientation and size. It is a good idea to
plot the aligned shapes in the same figure before proceeding with the shape model
in order to verify that the translation, rotation and scale are eliminated.
For the report: Align the shapes using Procrustes analysis, calculate a shape model
and visualize the different modes in the shape model. Describe what kind of shape
variations the first principal modes describe. Plot the eigen-values and discuss how
many modes that are suitable for your shape model.
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Segmentation with a Shape Model

Now use your shape model together with some segmentation algorithm and try to
segment kidneys in the images that has not been used when constructing the shape
model (e.g. the last five images). It is sufficient to be able to segment a right sided
kidney since your model is a right sided kidney.
Start with an initial segmentation, e.g. based on thresholding. An initial position of
the mean shape can be obtained from the mass centre of the initial segmentation and
by calculating the two axes of inertial as well as the total area of the segmentation.
The mean shape gives the initial translation, the axes of inertia give the inital
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orientation and the area determines the size paramter. By transforming the 14
equally spaced points on the mean shape to the image you obtain 14 equally spaced
points in the image. At each landmark, find the closest edge point orthogonal to
the contour, transform these points back to the coordinate system for the shape
model, determine new shape parameters for the shape model, determine new pose
parameters using procrustes between the new shape points and the detected image
points and iterate until convergence.
For the report: Segment at least five images using the procedure above and your
shape model and present the results.
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Evaluation of results

Discuss how the registration results should be presented and the performance of the
proposed algorithm can be adequately evaluated. In your report, only the simplest
kind of evaluation is required. This could be simply a subjective visual assessment
of the obtained results. However, this will not be enough in a scientific paper, and
we therefore need to be aware of how we could proceed in order to get more objective
assessments.
Extra assignment for higher grade (4–5): Discuss how an objective and quantitative
evaluation could be made. Discuss in particular and examine the dependence on
the number of principal modes used in the shape model and how an optimal number
of nodes could be determined.
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