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Background





The idea for this project was derived from a presentation and paper from the Artificial Intelligence Lab of the School of Computer Science and Engineering of Seoul National University and the Robotics And Intelligent Information Systems Lab at Chung-Ang University.  In this paper, the researchers showed that evolvable hardware allows higher performance than general-purpose processors.  The method in the paper involves the use of a genetic algorithm implemented in hardware.  It is this aspect of the paper that this group is trying to incorporate into a project in the medical field.  This project focuses on using genetic algorithms and hardware to help develop artificial vision.  Artificial vision is a project that Dr. Jim Weiland of the Wilmer Eye Institute is working on.  Weiland wants to replace diseased retinas with an implanted device that will replace the damaged photoreceptors.  Part of this system involves an external video camera and electronics that will capture the image and code the image to transmit the data to the implanted device.  The implanted device will decode the data and stimulate the retina.  This project is meant to be a starting point for the external system of Dr. Weiland's artificial vision project.





Here are some basic definitions of tools used in this project:





Genetic Algorithms:  A genetic algorithm is an adaptive search procedure.  In this project, a GA will be used to optimize edge detection.  Genetic algorithms operate on a population of solutions.  Solutions must be encoded into a genetic algorithm.  These solutions are called the genome.  The GA creates a population of genomes and then applies functions of mutation and crossover to the genomes.  These functions create new individuals.  The GA uses different selection criteria to pick the best individuals to be used in the application of its mutation or crossover functions.  An evaluation function determines how good the new individual is.  There are many different applications that the GA can be applied to.  The basic algorithm can be modified to suit the individual needs of the application.  The different parameters in the GA an also be tweaked to further optimize results.





FPGA: A Field Programmable Gate Array consists of an array of functional blocks along with an interconnection network.  As its name suggests, its configuration can be determined in the field, the point of application, to make an application specific circuit.  The user prescribes the specific function of each block and the connections between blocks.  Re-programmable FPGAS allow for the logic system to be dynamically reconfigured in order to match changing circumstances.  This re-programmability will be taken advantage of in this specific application.





DSP:  Digital Signal Processing is the computer manipulation of analog signals that have been converted to digital form.  These signals are commonly sounds or images, but can also be any signal that can be carried by a wire or a telephone line.  The conversion to digital form involves extracting information.  This extraction aims to reduce the information content in the signal to facilitate the decision about what information the signal carries or to facilitate the signal's transformation into a suitable data format for transmission or storage.  DSP are optimized to be number crunchers.  This number crunching capability will be taken advantage of in this project.  





Problem





In this project, the objective was to develop a robust image processing system using adaptive image segmentation, taking advantage of a DSP and FPGA hardware implementation to increase speed. With this objective in mind, the group decided on what could be delivered in three months of work.  The agreed upon minimum for this project was that adaptive edge detection algorithm software would be developed.  The group expected that the progression would not stop at software.  It was expected that the software would also be implemented in the hardware.  This hardware would be able to handle static images.  In addition, the maximum goal of the project, the group would not only be able to have the algorithm working in the hardware but also handling real-time live input from a camera.  This hardware and software will eventually lead to collaboration with the Wilmer Eye Institute.  





Approach





	The original approach to this problem was to program FPGA and DSP separately.  The original goals are still the same, but the approach is different.  The architecture of the system would involve the smart integration the data provided by many processing cells.  Each cell has a certain configuration in terms of its image processing ability.  Detailed sections of images would take up more cells.  The final morphology of the architecture would be based upon the optimization of a performance metric.  The plan then changed so that the FPGA and DSP could be used and taken full advantage of.


	The plan was then revised to follow the following algorithm.  Each group member was responsible for a specific part of this algorithm.  This is the algorithm:  








Input image 


Compute image statistics.


Segment the image using initial parameters.


Compute the segmentation quality measures


WHILE not <stop conditions> DO


	Select individuals using the reproduction operator


	Generate new population using the crossover and mutation 				operators


	Segment the image using new parameters


	Compute the segmentation quality measures


END


Update the knowledge base using the new knowledge structure





Another view of this algorithm can be seen in the block diagram below.


The different functions were divided up in terms of which sections of the algorithm would be handled by the FPGA and which would be handled by DSP.  The functional breakup can also be seen in the diagram below.  The FPGA would handle Image acquisition, basic image pre-processing, computing the image statistics, run background extraction algorithm, run an edge detection algorithm, creating the vector graphic file for the image after edge detection, and the evaluation of the fitness of the edge detection.  The DSP would handle the initiation of the genetic algorithm, the optimization of the edge detection, and the join of the vector graphics file.  In general, the DSP is the main processor, while the FPGA is the co-processor that will provide support to the DSP.





The image statistics that are calculated include:  mean, variance, skewness, kurtosis, energy, entropy, and centroid.  The mean is the average intensity of the image.  The variance is the spread of the intensities around the mean.  The skewness is whether the image is more weighted to the left or right of the mean.  The kurtosis is the measure of non-gaussity.  A value of zero kurtosis indicates a perfect gaussian distribution.  A negative value means that the distribution is sharper.  A positive kurtosis value indicates that the distribution is flatter.  Energy is the measure of the overall power of the image.  Entropy is the measure of the image’s disorder.  The centroid is the center of intensity of the image.  This is similar the center of mass of an object.


   





Here are some details on the background extraction algorithm that was used:  This algorithm only works on gray tone images.  Further adaptations will need to be made before it can handle color images.  First, the image is decomposed into rectangular regions.  Background extraction is based upon local statistical measurements performed on log-transformed image data.  The advantages of this algorithm over a thresholding algorithm are that this algorithm can be used on many different images.  This algorithm works with many different backgrounds, with out any a priori knowledge of the image itself.  More details of this algorithm can be found in the references and the paper presentations. 
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Results
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Significance





Our project is important for many reasons.  The use of FPGA and DSP leads to increases in reliability, increases in adaptability, and thus increases in overall performance.  These increases are important for medical applications.  The medical community demands high reliability and high performance.  Further development of this algorithm may also lead to collaboration with the Wilmer Eye Institute.  This collaboration may be useful in helping develop a replacement for damaged retinas.
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Management Summary





Who did what


Jessica Baxter:  Evaluation function, organization of checkpoint presentation, organization of final presentation, final report organization





Sam Clanton: Group Leader, Genetic Algorithm





Simon Fung-Kee-Fung:  Image-capture and pre-processing, Output, assistance on evaluation function, Image Statistics





Almaaz Karachi: organization of checkpoint presentation





Doug Keen:  Background Extraction algorithm





Accomplished vs. Planned





The first setback for the project was due to the change in the goal of our project.  Originally, the software was to be run in FPGA and DSP separately.  The change in the plan caused the group to go through a new planning phase.  After this, the group was still only able to deliver the minimum requirement of this project. This is due to the unfortunate delay in the arrival of the hardware.  The hardware did not arrive in time for us to attempt to run the software.  (See Appendix for the changes in dates)  Another delay was the departure of one of our group members due to a family emergency.  The remaining group members had to take over her responsibilities.  The different programming languages that were used in the implementation of the software caused another delay.  Some of the software that was written in C had to be rewritten in Matlab because it was easier to integrate with the different parts.  See below to see the specific lessons we learned from these delays.





What’s Next?





The next step in this project is to actually integrate the software with the hardware.  Since, the hardware did not arrive in time for the group to attempt this part of the project.  After the hardware is received, the software could be implemented in the hardware.  After this implementation, the image capture device would need to be integrated.  This image capture device will eventually be integrated with a version of this algorithm so that images could be captured and processed in real time.  This needs to be accomplished before the collaboration with the Wilmer Eye Institute can be considered.  Artificial vision would be hard for someone if the processing of images were significantly slower than a real-time system.  Another step in this algorithm would involve adapting this software to handle color images. 





Lesson's Learned





A list of some of the lessons that this group has learned


Five people are too many for a project like this.  Too many personalities.  Too many conflicting programming styles.  Agree on a programming language at the beginning of the planning stage.


Communication must be regular, especially when the advisor is located on a different campus.


Standing weekly meetings are necessary to meet with an advisor, but the rest of the group should meet more often.  At the very least, respond to email in a timely fashion.


Dependencies, such as the arrival of hardware, should not be ignored.  Don't assume that things will arrive in a timely fashion from any company you order from.  If the product does not arrive in a timely fashion, call the company.  Don't expect an advisor to keep checking it for you.


Have backups for every possible failing


Choose a group leader.  Group leader should make sure that everyone is keeping up with his or her assigned responsibilities.


Set short-term goals so that it is easier to see who is on task. 
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Appendix-Calendars





Original calendar:


March 5th - Topical research should be completed and we should have a hashed out algorithm for edge detection to be approved by Dr. Bey.


March 12th - Development Platforms determined, and development framework in place. Must have started implementation; Figure out what is the type of visual input to be used.


March 19th - Spring Break


April 9th -Finished with minimum, and basic software implementation. Begin hardware Implementation. 


April 16th -Finish hardware implementation.


April 16th - Testing phase.  Continual improvements and enhancements to allow for real-time video streaming.





Revised Calendar


March 5th - Topical research should be completed and we should have a hashed out algorithm approved by Dr. Bey 


March 12th - Development Platforms determined, and development framework in place.


March 19th - CHANGE OF PROJECT OBJECTIVE - Combining of DSP and FPGA   implementations


April 2nd - Assign programming responsibilities to each individual and hash out new algorithm


April 9th - Troubleshoot the programming outline.


April 16th - Outline of code, Interfaces between functions


April 23rd - Integrate program components, test, and debug


April 25th  - Drive to hardware and test on static images


April 27th - Refined 





Delay of Hardware Calendar


April 16th - Outline of code, Interfaces between functions


April 23rd - Integrate program components, test, and debug -> this is delayed until hardware comes in, the rest of the semester is spent on making the different sections of the program work together


April 25th  - Drive to hardware and test on static images-> images can only be tested on software, since the hardware is not ready yet


April 27th - Refined -> can only refine the software side of this project


�




































Technical Appendix


