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SYNOPSIS

             The project entitled “Automatic human Knee Cartilage Segmentation from 3D Magnetic Resonance Imaging” aimed at developing a new automatic segmentation algorithm for human knee cartilage volume quantification from MRI. Imaging was performed using a 3T scanner and a knee coil, and the exam consisted of a double echo steady state (DESS) sequence, which contrasts cartilage and soft tissues including the synovial fluid. 

The algorithm was developed on MRI 3-D images in which the bone cartilage interface for the femur and tibia was segmented by an independent segmentation process, giving a parametric surface of the interface. First, the MR images are resampled in the neighborhood of the bone surface. Second, by using texture-analysis techniques optimized by filtering, the cartilage is discriminated as a bright and homogeneous tissue. This process of excluding soft tissues enables the detection of the external boundary of the cartilage. 

Third, a technology based on a Bayesian decision criterion enables the automatic separation of the cartilage and synovial fluid. Finally, the cartilage volume is assessed using the developed technology. 

In conclusion, the newly developed fully automatic method described herein provides accurate and precise quantification of knee cartilage volume and will be a valuable tool for clinical follow-up studies.
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1. INTRODUCTION

1.1 ABOUT THE SYSTEM

Osteoarthritis is a common cause of disability in people over 60 years. Knee osteoarthritis is a prevalent disease characterized by cartilage degradation. The quantitative cartilage damage assessment is of significant importance for monitoring the progression of this disease and for evaluating therapeutic response.

               The knee cartilage volume is quantized using image processing techniques by MATLAB 7.8 as a software tool. The amount of work does not vary with the complexity or length of the performance to the same degree as when using traditional techniques.

            The aim is to develop an automatic segmentation algorithm that finds the volume of the cartilage in human knee. It is done by using the image processing steps such as Preprocessing, Segmentation, Texture Analysis, and Filtering techniques.

OBJECTIVES

· To develop a new automatic segmentation algorithm for human knee cartilage volume quantification from MRI.

· To capture the images using a 3T scanner and a knee coil and to use the double echo steady state (DESS) sequence which contrasts cartilage and soft tissues including the synovial fluid.
· To preprocess the 3D cartilage image before segmentation.

· To segment the tissues from the cartilage.

· To apply filtering to enhance the segmentation.

· To extract the features based on GLCM method.

· To find the volume of the tissues.

.

1.2  OVERVIEW OF THE PROJECT

OSTEOARTHRITIS is a common cause of disability in people aged over 60 years.  Knee osteoarthritis is a prevalent disease characterized by cartilage degradation. Although this disease is often considered benign, severe degenerative changes may cause serious disability. Several pharmacologic drugs aimed at retarding or inhibiting the progression of joint tissue structural changes are under development to treat osteoarthritis. In this context, quantitative cartilage damage assessment is of significant importance for monitoring the progression of this disease and for evaluating therapeutic response.

First the MR images are preprocessed to remove the noise and to enhance the contrast of the image. Image preprocessing is used to solve the system problems, such as interfering noise, low dynamic range, out-of-focus optics, and the difference in color representation between input and output devices. 

After preprocessing, the image segmentation is done which results in a set of segments that collectively cover the entire image, or a set of contours extracted from the image. Each of the pixels in a region is similar with respect to some characteristic or computed property, such as color, intensity, or texture. Adjacent regions are significantly different with respect to the same characteristic(s).After that the volume of the cartilage is found with the help of the filtering and texture features.

SYSTEM CONFIGURATION
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2. SYSTEM CONFIGURATION

This section describes the hardware and software specification needed for both development and implementation phases of this project.

2.1 HARDWARE SPECIFICATION

Processor

:  Intel® Core2Duo 2.33 GHz

RAM


:   2 GB

Floppy Drive

:  31/2-Inch Floppy Disk

Monitor

:  14 Inch HCL LCD Monitor

Keyboard

:  102 Standard Keyboards and Ps2 Mouse
2.2 SOFTWARE SPECIFICATION

Tool


:  MATLAB 7.8

Operating System
:  Microsoft Windows XP Service Pack2

2.3 ABOUT THE SOFTWARE

MATLAB 7.8
     This project is developed using Matlab 7.8. It is a high-performance language for technical computing. It integrates computation, visualization, and programming in an easy-to-use environment where problems and solutions are expressed in familiar mathematical notation. 

Typical uses of Matlab 7.8 include. 

· Math and computation 

· Algorithm development

· Data acquisition

· Data analysis, exploration, and visualization

· Scientific and engineering graphics 

· Application development, including graphical user interface building

 MATLAB is an interactive system whose basic data element is an array that does not require dimensioning. This allows us to solve many technical computing problems, especially those with matrix and vector formulations, in a fraction of the time it would take to write a program in a scalar non-interactive language such as C or FORTRAN. This is a high-level matrix/array language with control flow statements, functions, data structures, input/output, and object-oriented programming features.
IMAGE PROCESSING TOOLBOX


Image Processing Toolbox provides a comprehensive set of reference-standard algorithms and graphical tools for image processing, analysis, visualization, and algorithm development. We can perform image enhancement, image deblurring, feature detection, noise reduction, image segmentation, spatial transformations, and image registration. 

Image Processing Toolbox supports a diverse set of image types, including high dynamic range, gigapixel resolution, ICC-compliant color, and tomographic. Graphical tools let us explore an image, examine a region of pixels, adjust the contrast, create contours or histograms, and manipulate regions of interest (ROIs). With toolbox algorithms we can restore degraded images, detect and measure features, analyze shapes and textures, and adjust color balance.



The key features of image processing toolbox are

· Image enhancement, filtering, and deblurring

· Image analysis, including segmentation, morphology, feature extraction, and measurement

· Spatial transformations and intensity-based image registration methods

· Image transforms, including FFT, DCT, Radon, and fan-beam projection

· Workflows for processing, displaying, and navigating arbitrarily large images

· Interactive tools, including ROI selections, histograms, and distance measurements

· DICOM file import and export.

ADVANTAGES OF MATLAB

GUI - Provides a set of tools for creating graphical user interfaces to greatly simplify 

            the process of designing.
M Files- M-file is automatically generated when the GUI operates. 
CALLBACKS - Callbacks are functions that execute in response to some action by the user.

SYSTEM DESIGN

[image: image7.png]



3. SYSTEM DESIGN

Design is the first process in the development phase of any engineered system. The inputs to the design are the software requirements and the output will be the design specification applicable to all software design.
3.1 DATASET

In this project, Knee Cartilage MR Images are considered as the dataset since the project deals with 3D images. These MR images are captured with the help of 3T scanner and a knee coil. The DESS (double Echo Steady State Sequence) is used to differentiate the contrast between the soft tissues and other synovial fluid. The cartilage damage meant for osteoarthritis is taken as the dataset in order to find the volume of the tissues. In this project a 60 years old female who is affected from cartilage damage is taken as the dataset. There are 64 slices of sequential images for the patient. This dataset is shown in APPENDIX 8.2

3.2 INPUT DESIGN

The main objective of the input design is to provide user friendly interaction. The user has to make a minimum input as a whole process is automated.

               As the project is concentrated fully on medical image processing its input is a set of consecutive slices. Input form is designed by using MATLAB 7.8 GUI. A graphical user interface (GUI) is a pictorial interface to a program. A good GUI can make programs easier to use by providing them with a consistent appearance and with intuitive controls like pushbuttons, list boxes, sliders, menus, and so forth. In this project push button, edit text, static text, axes and menus are used. 
The basic steps required to create a MATLAB GUI are

1. The components required for the layout of the project consists of pushbutton, menus, axes, edit text fields, etc.
· PUSH BUTTON->The graphical component implements a push button. It triggers a callback when clicked with a mouse. 

· STATIC TEXT FIELD->The text field is used to create a label which is a string. It does not trigger callbacks.

· AXES->It create a new set of axes to display data on. Axes do not trigger call backs. 
· MENUS->It create a menu item. Menu item triggers a callback when a mouse button is released over them.

2. The MATLAB tool called guide (GUI Development Environment) is used to layout the Components on a figure. The size of the figure and the alignment and spacing of components on the figure are adjusted using the tools built into guide.

3. The MATLAB tool called the Property Inspector (built into guide) to give each component a name (a "tag") and to set the characteristics of each component, such as its color, the text it displays, and so on.

4. The figure is saved to a file. When the figure is saved, two files will be created on disk with the same name but different extents. The .fig file contains the actual GUI that we have created, and the M-file contains the code to load the figure and skeleton call backs for each GUI element.

5. The appropriate code is implemented by the behavior associated with each callback function.
These input screens are shown in the APPENDIX 8.3.

3.3 OUTPUT DESIGN

    
 Output design generally refers to the results and information that are generated by the system.

As images are taken as input, various techniques of image processing are being applied to generate variety of output. In this project the output screens are shown in the form of folders, figure window, command window, message box, etc. If the preprocessing is done, it is stored in a folder and the message box will appears in the output screen as shown in the APPENDIX 8.4.1.In the next module segmentation, the output screen is in the form of figure windows. These segmented images are shown in the figure window as in APPENDIX 8.4.2.After segmentation is done successfully, the message box appears. Next after segmentation the tissue size is shown in the command window as shown in APPENDIX 8.4.3. After each process, the message box is shown as the output screen.
SYSTEM DEVELOPMENT
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4. SYSTEM DEVELOPMENT

This automatic segmentation of the human knee cartilage is developed to quantize the volume of the cartilage tissue volume in order to assess the osteoarthritis problem. If the tissue size of the cartilage is high, then there is a heavy damage to the cartilage. In this project, first the cartilage images are preprocessed and then the preprocessed image is segmented by the segmentation process. Then filtering technique is used and the texture features are extracted and finally the volumes of the tissues are detected. It is shown in the APPENDIX 8.1.
MODULE DESCRIPTION


The project consist of five main modules namely

1. Image Preprocessing.

2. Segmentation.

3. Filtering 

4. Texture Analysis
5. Cartilage Volume Detection
4.1 PREPROCESSING

                    Preprocessing is any form of signal processing for which the output is an image or the output of processing can be either an image or a set of characteristics or parameters related to image to improve or change some quality of the input.

                  Pre processing helps to improve the video or image such that it increases the chance for success of other process. In this project preprocessing techniques are used for enhancing the contrast of the image and isolate the object of interest in the image. 

4.1.1 COLOR SPACE CONVERSION

                   Color space conversion is the translation of the representation of a color from one basis to another. The goal is being to make the translated image look as similar as possible to the original color conversions include.

· RGB TO GRAY-create gray scale intensity image from data in a matrix by scaling the data.


Color space conversion represents color as RGB values either directly or indirectly. A color can be represented by its hue, saturation and value components. MATLAB 7.8 toolbox provides a set of routines for converting between RGB and other color spaces. The image processing functions themselves assumes all color data in RGB and process an image that uses a different color space by first converting it to RGB, and then converting the processed image back to the original color space. 
4.1.2 IMAGE ENHANCEMENT


Enhancing the contrast of the image is done by histogram equalization. histeq function enhances the contrast of images by transforming the values in an intensity image, or the values in the colormap of an indexed image, so that the histogram of the output image approximately matches a specified histogram.

The 3D MR images of the knee cartilage are taken as input image and the images are read sequentially. The original images are first converted into rgb to gray image and then the histogram equalization is done to enhance the contrast of the image. This is very helpful for segmentation. If the preprocessing is done successfully the message box will appears in the output screen. The preprocessed images are stored for further segmentation. It is shown in the APPENDIX 8.4.1

4.2 SEGMENTATION

                         The processing of subdividing the image into its constituent parts or object is called image segmentation. In computer vision, Segmentation is the process of partitioning a digital image into multiple segments (sets of pixels, also known as superpixels). The goal of segmentation is to simplify and/or change the representation of an image into something that is more meaningful and easier to analyze. Image segmentation is typically used to locate objects and boundaries (lines, curves, etc.) in images. More precisely, image segmentation is the process of assigning a label to every pixel in an image such that pixels with the same label share certain visual characteristics.
4.2.1 LEVELSET EVOLUTION


In this project the Level Set Evolution segmentation is used to segment the bright and dark tissues. The level set method was initially proposed to track moving interfaces by Osher and Sethian in 1988 and has spread across various imaging domains in the late nineties. It can be used to efficiently address the problem of curve/surface/etc. propagation in an implicit manner. The central idea is to represent the evolving contour using a signed function, where its zero level corresponds to the actual contour. Then, according to the motion equation of the contour, one can easily derive a similar flow for the implicit surface that when applied to the zero-level will reflect the propagation of the contour. 

The level set method encodes numerous advantages: it is implicit, parameter free, provides a direct way to estimate the geometric properties of the evolving structure, can change the topology and is intrinsic. Furthermore, they can be used to define an optimization framework as proposed by Zhao, Merriman and Osher in 1996. Therefore, one can conclude that it is a very convenient framework to address numerous applications of computer vision and medical image analysis. Here the preprocessed images are taken as input and the bright and dark tissues present in the cartilage are segmented. If the segmentation is done successfully, the message box will appear in the output screen. It is shown in the APPENDIX 8.4.2

4.3 FILTERING


Image filtering is useful for many applications, including smoothing, sharpening, removing noise, and edge detection. A filter is defined by a kernel, which is a small array applied to each pixel and its neighbors within an image. In most applications, the center of the kernel is aligned with the current pixel, and is a square with an odd number (3, 5, 7, etc.) of elements in each dimension. The process used to apply filters to an image is known as convolution, and may be applied in either the spatial or frequency domain. Gaussian Low pass filtering is used. 
4.3.1 GAUSSIAN LOW PASS FILTERING

A Gaussian filter is a filter whose impulse response is a Gaussian function. Gaussian filters are designed to give no overshoot to a step function input while minimizing the rise and fall time. This behavior is closely connected to the fact that the Gaussian filter has the minimum possible group delay. Mathematically, a Gaussian filter modifies the input signal by convolution with a Gaussian function; this transformation is also known as the Weierstrass transform. A low-pass filter is an electronic filter that passes low-frequency signals but attenuates (reduces the amplitude of) signals with frequencies higher than the cutoff frequency. The actual amount of attenuation for each frequency varies from filter to filter. It is sometimes called a high-cut filter, or treble cut filter when used in audio applications. A low-pass filter is the opposite of a high-pass filter.


In this project, the images are filtered and then segmented. Filtering improves the segmentation process more precisely. Once these processes are completed, the sizes of the bright tissues are calculated and it is displayed in the command window. The sizes of the tissues are represented by pixels. It is shown in the APPENDIX 8.4.3.

4.4 TEXTURE ANALYSIS

Texture analysis refers to the characterization of regions in an image by their texture content. Texture analysis attempts to quantify intuitive qualities described by terms such as rough, smooth, silky, or bumpy as a function of the spatial variation in pixel intensities. In this sense, the roughness or bumpiness refers to variations in the intensity values, or gray levels.
     Texture analysis is used in a variety of applications, including remote sensing, automated inspection, and medical image processing. Texture analysis can be used to find the texture boundaries, called texture segmentation. Texture analysis can be helpful when objects in an image are more characterized by their texture than by intensity, and traditional thresholding techniques cannot be used effectively.

4.4.1 GLCM METHOD

The graycomatrix (I) function creates a gray-level co-occurrence matrix (GLCM) from image I. This function creates the GLCM by calculating how often a pixel with gray-level (grayscale intensity) value i occurs horizontally adjacent to a pixel with the value j. Each element (i,j) in glcm specifies the number of times that the pixel with value i occurred horizontally adjacent to a pixel with value j.

The graycomatrix function calculates the GLCM from a scaled version of the image. By default, if I is a binary image, graycomatrix scales the image to two gray-levels. If I is an intensity image, graycomatrix scales the image to eight gray-levels. We can specify the number of gray-levels graycomatrix uses to scale the image by using the 'NumLevels' parameter, and the way that graycomatrix scales the values using the 'GrayLimits' parameter.
The texture features are extracted and calculations are done by GLCM (Gray Level Co occurrence matrix) method. The features such as correlation, dissimilarity, homogeneity, auto correction, entropy, contrast, etc. These features are helpful for finding the damage assessment of the cartilage. It is shown in the APPENDIX 8.4.4

4.5 CARTILAGE VOLUME DETECTION


The main purpose of quantifying the volume of the cartilage is to study its temporal evolution for observational and longitudinal studies. After segmentation and filtering techniques are completed the volume of the segmented bright intensity tissues are calculated. The size of the tissue is represented in the form of pixels. The size of the cartilage determines the amount of degradation and the osteoarthritis. The affected cartilage tissue size will be more than 1000 pixels. The dataset for a female who is 60 years old affected by osteoarthritis is taken as the input and the features such as correlation, auto correction, dissimilarity, entropy are used to characterize the affected cartilage tissue volume. The dataset is shown in the APPENDIX 8.2.If the features extracted are greater than 0.5 then the cartilage tissue is affected. It is shown in the APPENDIX 8.4.3.
RESULT AND DISCUSSION
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5. RESULTS AND DISCUSSION

As a result, this project is developed for the automatic human knee cartilage volume quantification from 3D MR images. The MR images of the cartilage are given in the dataset and it is shown in the APPENDIX 8.2. The input images consist of 64 images of a patient who is 60 years old female affected from osteoarthritis problem. These images are taken as input and the volume of the bright tissues are to be found using the segmentation algorithm.

The input images are first preprocessed. The preprocessing methods such as color conversion and image enhancement are done to improve the contrast of the images. The preprocessed images are stored in a folder for further segmentation process. This is shown in the APPENDIX 8.4.Then after preprocessing is done, a message box appears so that the user can know whether the preprocessing is done successfully or not. It is shown in the APPENDIX 8.4.1.

The preprocessed images that are stored in the folder are retrieved and the images are segmented using the segmentation process. It is shown in the APPENDIX 8.4.2.The segmentation process is used to discriminate the bright and dark intensities present in the cartilage image. For convenience eight images are selected and these are segmented and it is shown in the APPENDIX 8.4.2.Once the segmentation is done the message box appears in the screen.

The filtering process is done for segmentation and the filtered images again segmented and the   bright and dark intensities are differentiated. The result is shown in the APPENDIX 8.4.3.The Texture features are extracted after segmentation is completed. The texture features are calculated for the segmented images. It is shown in the APPENDIX 8.4.4.The message box appears when the features are extracted successfully. Finally the volumes of the cartilage tissues are found with the help of the segmented images. This size of each image is shown in the APPENDIX 8.4.3.

The volume is characterized by its features such as correlation, entropy, dissimilarity and homogeneity is greater than 0.5 then the cartilage degradation is high. These features are used to assess the amount of degradation of the cartilage. In this project, the 60 year old female patient has the correlation as 2.8777 and the homogeneity as 1.6739 and the dissimilarity is 1.3430 and the entropy is 1.793.So this indicates that the cartilage is damaged heavily. It is shown in the APPENDIX 8.4.4.This is used to find the cartilage size which is very useful for clinical trials and to find the osteoarthritis problem.

CONCLUSION
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6. CONCLUSION

         The project “Automatic Human Knee Cartilage segmentation From 3d Magnetic resonance Imaging” is implemented successfully and it is more useful for cartilage volume assessment. This algorithm automatically segments human knee cartilage from 3-D MR images, allowing continuous assessments of human osteoarthritic knee cartilage volume. Based on a preprocessed image, the segmentation method segments the MR images within its neighborhood and uses texture analysis to detect the external boundary of the cartilage, followed by the automatic separation of the cartilage and the synovial fluid. 

Cartilage degradation is the hallmark of osteoarthritis and its volume loss is related to the progression of the disease. The fully automatic method described herein provides accurate quantification of knee cartilage volume, and would, therefore, be useful not only for diagnosis, but also for clinical trials with patient follow-up.

        The project included all the important features of MATLAB 7.8. This project is developed with the aim of detecting volume of the cartilage in an image sequence.

  SCOPE FOR FUTURE ENHANCEMENT
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7. SCOPE FOR FUTURE ENHANCEMENT

Scope is a measure of considering a necessary part of a project. If something is not in scope, then it is not something you want to spend time building. Scope is very important on large projects.  But the real problem was often that too much effort was spent on unnecessary things. People especially volunteer coders and builders have a limited amount of free time and energy to work on projects.

 Every application has its own merits and demerits. The project has covered almost all the requirements. Further requirements and improvements can easily be done since the coding is mainly structured or modular in nature. Changing the existing modules or adding new modules can append improvements. Further enhancement can be done to the applications so that the model functions very attractive and useful manner than the present one.

· Testing can be done to verify the segmentation result.

· Improved appearance

· Any type of segmentation can be done for medical analysis.
· Performance measures can be calculated in order to improve the efficiency.
     APPENDIX
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8. APPENDIX 

8.1 SYSTEM FLOW DIAGRAM
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8.2 DATASET USED

	60 YEARS OLD FEMALE AFFECTED FROM CARTILAGE DAMAGE
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8.3 INPUT SCREENS
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RESULTANT IMAGES IN EACH PROCESS
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8.4 RESULTANT IMAGES IN EACH PROCESS
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8.4.1 PREPROCESSING
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8.4.2 SEGMENTATION
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   8.4.3 FILTERING
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stats = 

    autoc:     [2.877785285545013e+001 2.874164793116866e+001]

    contr:      [1.673906556767370e-001 1.596826494876562e-001]

    corrm:     [9.575733562029528e-001 9.593998820151305e-001]

    corrp:      [9.575733562029477e-001 9.593998820151337e-001]

    cprom:    [1.348481850043792e+002 1.339837697683086e+002]

    cshad:     [1.735440721958187e+001 1.723697800260553e+001]

    dissi:        [1.343041056555470e-001 1.207315491374465e-001]

    energ:      [2.595796929589640e-001 2.662746830202415e-001]

    entro:       [1.793825846636830e+000 1.770213343010193e+000]

    homom:  [9.367463162689593e-001 9.440688637641057e-001]

    homop:   [9.358801919761166e-001 9.432546611969186e-001]

    maxpr:    [4.629652052827774e-001 4.687848588352285e-001]

    sosvh:     [2.874683648895489e+001 2.865979036100851e+001]

    savgh:     [1.037107337767361e+001 1.036435427385533e+001]

    svarh:     [8.328785041772359e+001 8.333969890778934e+001]

    senth:     [1.678075543477595e+000 1.667615572042433e+000]

    dvarh:     [1.673906556767369e-001 1.596826494876562e-001]

    denth:    [4.042932366621739e-001 3.734164464843345e-001]

    inf1h:     [-7.098806580209552e-001 -7.263930598036591e-001]

    inf2h:     [9.282172542691988e-001 9.312604934548229e-001]

    indnc:    [9.854002353037996e-001 9.869627988999774e-001]

    idmnc:   [9.975295426638753e-001 9.976684013267432e-001]
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