EEM4H

Computer Vision

Assignment – Assessment Proforma

Dr M Spann and Mr D Pycock

	Topic:  ………………………………………………………..………………..
	
	Mark
	
	Max

	Proposal and Workplan

Names and email address.  A description of how the assignment will be undertaken.  A Gantt chart.  No longer than 5 pages.
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	Presentation

Structure and presentation of report, including integration.  Cover, contents, page numbering, figure and table captions, references correctly cited.
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	Method

A description of the method showing an understanding of its strengths and weaknesses compared to other approaches.
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	Implementation

Appropriateness of program design and implementation - use of data structures and functions.  Clarity of design documentation. Completeness of solution. This will involve a contribution from each student.
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	Evaluation
Evidence of testing each component, thoroughness of testing, appropriateness of comments on results of the test.
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	Demonstration (15 mins.)
The program should operate without an abnormal exit reliably performing the specified task with a minimum of user interactions.
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Computer Vision

Assignment – Assessment Proforma

Dr M Spann and Mr D Pycock

	Topic:  …………………………………………………………………………
	
	Mark
	
	Max

	Proposal and Workplan

Names and email address.  A description of how the assignment will be undertaken.  A Gantt chart.  No longer than 5 pages.
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	Presentation

Structure and presentation of report, including integration.  Cover, contents, page numbering, figure and table captions, references correctly cited.
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	Method

A description of the method showing an understanding of its strengths and weaknesses compared to other approaches.
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	Implementation

Appropriateness of program design and implementation - use of data structures and functions.  Clarity of design documentation. Completeness of solution. This will involve a contribution from each student.
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	Evaluation
Evidence of testing each component, thoroughness of testing, appropriateness of comments on results of the test.
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	Demonstration (15 mins.)
The program should operate without an abnormal exit reliably performing the specified task with a minimum of user interactions.
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EEM4H and 0407191:
Computer Vision

Individual Assignment - Specification

This assignment is the sole assessment for EEM4H and 0407191.  This assignment is the equivalent to approximately 80 hours work.  The course lecturers will be available to provide guidance throughout the work period (the spring term) but it is the responsibility of each student to make and implement proposals for completing the allocated assignment using the resources available.  Although more than one student may be allocated the same assignment this is an individual assignment.  Students are expected to work individually.  Any evidence of collaborative working, any failure to acknowledge sources or inappropriate use of previously published work will be penalised.  If you are in any doubt or ask for guidance and check the handout on plagiarism provided at the beginning of the year.

There are three elements to the assessment:

Proposal and Workplan
10%

Demonstration
10%

Final Report
80%

Proposal and Workplan

Your ID number should be clearly stated on the report.  This report should not normally be longer than 10 pages but must provide detailed explanations.  The main sections should be:

Introduction:
A description of the task and its interpretation.

Method:
A comprehensive but brief description of the method to be used.

References:
Use a recognised style of citation

Gantt chart:
Show how the assignment will be completed; allow time for report writing.

In the workplan we will be seeking to identify that a realistic plan of work has been prepared and that appropriate issues are being considered.  We will also expect to see evidence of academic understanding.

Demonstration

There are three components to the demonstration (each taking 5 minutes):

1. Explanation of what has been done

2. Demonstration

3. Questions from assessors.

At the demonstration we will expect to see:

1. A clear demonstration of what has been achieved.

2. An ability to clearly explain concepts.

3. An ability to conduct appropriate experiments.

4. An ability to interpret results.

5. A recognition of the strengths and weaknesses of the methods employed and the experiments conducted.

If the demonstration is running over time we reserve the right to stop the presentation and will base our assessment on what has been explained up to that point.

Final Report

The final report for each assignment should contain the sections described below.

Title and Contents Pages

Number the pages, provide captions for diagrams and a numbered reference list.  Use a recognised style of reference citation (leaflet available from Department Library).  The report should be submitted with cover (transparent front and yellow card rear) but not bound.  This cover and binding should be paid for in the General Office.  The PG Office or UG Office, as appropriate, will arrange binding after submission.

Introduction

This section should give a brief introduction to the task and it’s application.
Method

This section should be a description of the method implemented.

Implementation

The key issues are: appropriateness of program design and implementation, the appropriate use of data structures and functions, the clarity of design documentation and the completeness of the solution.

Evaluation

An evaluation report should be provided with comment on the performance of each method and a comparative evaluation.
Conclusion

Comments on the appropriateness of the methods adopted and the results obtained.

The final report should show:

1. A clear understanding of theoretical principles involved in the assignment

2. An understanding of related methods

3. A clear account of how to implement the methods considered effectively

4. A clear evaluation of the methods investigated, a clear, reasoned and balanced interpretation of results

5. A recognition of the strengths and weaknesses of the methods employed and and the experiments conducted.

The report must be clearly presented as describe earlier.

Submission

Please submit reports at reception on the ground floor.  The submissions required are:

Proposal and workplan
Thursday 3rd February (noon)

Demonstration
Tuesday 26 April

Final Report
Tuesday 3rd May (noon)

Late submission will be penalised at 5% per day late.

FACILITIES

Image Acquisition

Image capture facilities are provided in N427 (two on the left as you enter and one on the opposite side of the room).  These facilities include three PC’s fitted with Coreco frame grabber cards plus two colour cameras.  Monochrome cameras are also provided.  There is also a pair of semi professional video recorders for capturing images from tape.  A simple application program has been provided for image capture.  There are two enlarger stands, floodlights and several light boxes.  There is also a fibre optic illuminator and a dark field illuminator.

You are free to use the facilities that are available in the Department for software development but you must ensure that you can demonstrate your work either on a computer in one of N219, N337 and N421.  Exceptionally some assignments may be demonstrated in N427 but only if this is essential.  This means that you may use either a SUN or a PC.  Take an easy and convenient option.  Some programs will not need image display facilities. In some cases you may be able to use the simple graphics facilities in the compiler.  The facilities available include:

SUN and PC

MatLab:
Most of you will be familiar with MatLab.  It is a tool for performing simple computations without the complexities of writing a program.  MatLab is available on the PC and SUN network.  It is very difficult to structure a good design using MatLab.

Java:
There are compilers on both the Sun and PC networks.  It would not be prudent to use Java unless you are already experienced with it.  Do not use Visual J++.

ImageJ:
This is one of many application programs available on the internet.  This program is available for download from: http://rsb.info.nih.gov/ij.  If you are familiar with Java this program provides a simple way to into an easy to use GUI and display program with a number of utility functions available.  If you intend to adapt this program you will need a local copy.  Do not attempt to modify the version installed on the PC network.

We expect most M.Eng students to use Java or ImageJ

SUN only

Compilers:
I recommend that you use either GNU C or the Sun C compiler.  Xemacs provides a development environment for both.  You will be given limited support for using these compilers.  Mainly you should be able to use them by reading on-line documentation, introductory notes and books.

Libraries:
There is a tiff library available for download.  To use this you need to link to the “jpeg” and “m” libraries.

Image Viewers:

XV:
This is probably the simplest and easiest viewer to use.  You can integrate your own code into XV.

PC only

Compilers:
Visual Studio 6 C/C++.

Image Viewers:

There are a number.  You can use packages like PaintshopPro and Lview.  Lview can be found at:  F:\win3apps\lview\lview.exe.

Assignments

Each student should implement one of the methods of analysis listed below and evaluate it using each example of data indicated for that issue of image analysis.  You will have an opportunity to indicate a first and second choice of topic (e.g. 1.1 and 1.2).  Assignment topics will be allocated using this indication of preference.  The Lecturers assignment will be final and not open to further discussion.  No more than 2 students will be assigned any one topic.  This is an individual assignment but you are expected to pool results to make a comparative analysis of performance.  When using results that are not your own you must clearly indicate the source of those results.  Each student should submit an individual report.

Students are expected to show initiative in researching topics and identifying methods from the literature.  It is possible to achieve a good mark with any of the topics listed.  In some cases there will be a greater emphasis will be on research and in other cases on evaluation.  In all cases research, evaluation and a demonstration of a clear understanding of concepts is vital.

Some assignments address topics outside the immediate content of lectures.  Where the central topic is outside the immediate content of the lecture course direction to reading material and a brief introduction to the concept will be given.  All students are expected to investigate issues beyond the lectures.  Therefore an assignment based on a topic immediately outside the content of the lectures is not necessarily more difficult.  All assignment topics have been selected to be close to the material directly covered in lectures and well within the grasp of all students.

Table 1.
Assignments and Test Images

	Topic
	Sup.
	Test Data

	1 Shape Characterisation:  Implement one of the methods listed below.  The key issue is to consider the choice of test shapes, synthetic and natural and the addition of noise.

1.1 Fourier

1.2 Moments

1.3 Curvature profile
	MS
	Coordinate lists describing:
squares, rectangles and circles stars and crosses.

	2 Size Estimation

2.1 Labelling: should address optimal use of labels

2.2 Boundary based:  should be able to trace the boundary for a number of objects in one image

2.3 Progressive opening:  Consider alternative structure elements and accuracy of size estimation
	DP
	Binary images or equivalent binary lists as appropriate of:
Coffee particles
Rectangles
Thin lines (fibres)

	3 Thining.  The choice of structure elements should be considered.

3.1 Successive erosion

3.2 Distance transform
	DP
	

	4 Segmentation.

4.1 Threshold based segmentation: A comparative evaluation of threshold selection methods

4.2 Relaxation labelling:  Implement and compare at least two methods.

4.3 Markov Random Fields

4.4 Split and merge

4.5 Pyramid re-linking
	MS
	Un-shaded and shaded images of nuts and bolts, synthetic images of squares.  In each case the image should be used with varying levels of Gaussian distributed noise added2.

	5 Noise removal.

5.1 Median and Gaussian grey-level filters.  The choice of structure elements should be considered.

5.2 Morphologic grey-level filters.  The choice of structure elements should be considered.  Also consider various forms of grey-level morphologic operator.

5.3 Fourier based grey-level filtering
	DP
	

	6 Edge detection

6.1 Canny.  Remember that many text books do not describe the full process of the Canny Operator

6.2 Comparison of Sobel, Kirsch and Morphologic gradient.  The choice of structuring elements should be considered for the Morphologic gradient.

6.3 Hough Transform for line detection.  There are many variations to the Hough Transform.  Consider the alternatives and focus on no more than two.  A key issue is how to locate the peak in accumulator space and how to select the bin size of the accumulator space.
	MS
	

	7 Model Based Interpretation

7.1 A*-algorithm.  There are many variations to this algorithm.

7.2 Snake.  There are many variations that should be considered but focus on two variations.

7.3 PDM.  It is important to train the model suitably.  The test images used for training must contain variations otherwise the statistical model will be ill-defined.
	DP
	

	8 Dimensional Gauging.  These methods should allow the diameter of circles to be estimated to sub-pixel accuracy.  Consider carefully what limits the accuracy of size estimation.

8.1 Oriented Edge Detection.  There are many ways to complete the path around the circle.  The alternatives should be considered.

8.2 Hough Transform (circles).  As for straight lines there are many variations to the Hough Transform.  Consider the alternatives and focus on no more than two.  A key issue is how to locate the peak in accumulator space and how to select the bin size of the accumulator space.
	DP
	Bone X-rays. O-rings,
Non-overlapping coins
Overlapping coins

	9 Motion Analysis

9.1 Optical Flow.  A key issue is how to deal with variations in velocity for points on an object and the identification of the movement of each object.

9.2 Feature Matching.  Key issues are how to identify features, how to handle features that disappear and re-appear.
	MS
	Images to be provide by MS


Notes

1. In each case you should compare your results with those produced by another person.  Please identify the other person and their results clearly.  The selection of test images (or shapes) both synthetic and natural and the noise, which is added is important in all cases.  You must be able to quantify the level of noise added in order to estimate the signal-to-noise ratio in each case.

2. Addition of Gaussian noise.  The procedure in Paint shop Pro is not suitable as only the location of points is randomised.  The need is for the grey-level at each point in the image to be perturbed using a value drawn from a Gaussian distribution.

3. Performance evaluation is important in any form of software development.  In computer Vision it is critical.  Some form of evaluation is essential for each of the above topics.  Some form of comparative evaluation is required in all cases.  Performance evaluation is a key element of the assessment.  This will be discussed in lectures and tutorial sessions.  Students are expected to take the initiative in researching the relevant topics

4. The precise nature and scope of each task will be defined further in consultation with the supervisor.  This should be clearly described and explained in the initial report.  The supervisor will provide clarification if the scope of the assignment has not been suitably defined in the initial report.

Assignment Selection

Please enter name and university email address.  No more than two people will be permitted to select any one topic.

	Topic
	First Choice
	Second Choice
	Allocation

	1 Shape Characterisation

1.1 Fourier
	
	
	

	1.2 Moments
	
	
	

	1.3 Curvature profile
	
	
	

	2 Size Estimation

2.1 Labelling
	
	
	

	2.2 Boundary based
	
	
	

	2.3 Progressive opening
	
	
	

	3 Thinning

3.1 Successive erosion
	
	
	

	3.2 Distance transform
	
	
	

	4 Segmentation

4.1 Threshold based segmentation: A comparative evaluation of threshold selection methods
	
	
	

	4.2 Relaxation labelling
	
	
	

	4.3 Markov Random Fields
	
	
	

	4.4 Split and merge
	
	
	

	4.5 Pyramid re-linking
	
	
	

	5 Noise removal

5.1 Median and Gaussian grey-level filters
	
	
	

	5.2 Grey-level Morphologic filters
	
	
	

	5.3 Fourier based grey-level filtering
	
	
	

	6 Edge detection

6.1 Canny
	
	
	

	6.2 Comparison of Sobel, Kirsch and Morphologic gradient
	
	
	

	6.3 Hough Transform for line detection
	
	
	

	7 Model Based Interpretation

7.1 A* algorithm
	
	
	

	7.2 Snake
	
	
	

	7.3 PDM
	
	
	

	8 Dimensional Gauging

8.1 Oriented Edge Detection
	
	
	

	8.2 Hough Transform (circles)
	
	
	

	9 Motion Analysis

9.1 Optical Flow
	
	
	

	9.2 Feature Matching
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