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Computer Systems Project Proposal - October 2009

   1. Automatic Screening of Sonar Imagery Using Artificial Intelligence Techniques - John Tran - Mentorship

   2. Purpose and scope of the research project:


Through mentorship at Lockheed Martin, I am able to participate in a project with the goal of using different aspects of computer science such as neural networks, image statistics, and fuzzy logic to optimize sonar imagery to detect signals of interest. The research project mostly helps sonar operators. Sonar operators will have to analyze the sonar imagery, but the goal with this project is to reduce that analysis time.


Neural networks are mainly used in this project because of their ability to learn from their environments and their usefulness to signal processing problems. Right now, the project uses a multi-layer perceptron neural network. What I hope to do is create more functions/image statistics (currently there is mean, variance, and peak density) to improve the output detection space and edit the neural network to take these image statistics as new inputs. I also wish possibly to implement fuzzy logic to improve the neural network in terms of pattern and feature recognition.
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On the left is the original sonar image, and on the right is the output detection space. Right now, the output detection space is showing a lot of irrelevant signals. What I want to do is eliminate all the static/noise and try to emphasize the very dark vertical lines and the slightly dark vertical lines. 

   3. Background and review of current literature/research in this area:

Simon Haykin - Neural Networks: A Comprehensive Foundation (2nd Edition)

Clifford Lau - Neural Networks: Theoretical Foundations and Analysis

Yu Hen Hu, Jenq-Neng Hwang - Introduction to Neural Networks for Signal Processing

Cohen & Bray, 2007 - Gram Analysis Research

The neural network’s design was based off of biological neural system designs. In computer science applications, the neural network usually looks like McCulloch and Pitts’ neuron model. Each neuron has the following things:

1. Inputs, along with their respective input weights

2. An activation function, which is either linear, radial, sigmoidal, or hyperbolic tangent

3. Bias/threshold 

4. An output function – which helps determine the error

Each neural network has the following things:

1. Various layers of neurons

2. Learning rate – which helps determine how fast the neural network changes in terms of weights

3. Momentum rate

One type of neural network is the multi-layer perceptron, which might have hidden layers between its input and the output layers. 


Initial steps:

· Select training samples

· Calculate the desired outputs for the training set.


Forward Propagation:

· Go forward in the neural network, applying weights to inputs

· Get the sum of those modifications in the neuron

· Apply the activation function to that sum

· Continue to run through the network

Back Propagation:

· Start with arbitrary input weights. 

· Calculate y(n) and e(n) for the output layer.

· In the case that there are hidden layers:

· Start out at the output layer and work your way back into the hidden layers to calculate error 

· Calculate derivatives of e(n) with respect to the weights. 

· Adjust weights with corrections to get closer to the achieved output

For things like fuzzy logic, I need to look into more research. One article I’ve been reading into is Timothy J. Dasey, Evangelia Micheli-Tzanakou - Fuzzy Neural Networks, which goes into detail about pattern and feature recognition, of particular interest is how they state that feature recognition can be on a pixel basis.

   4.  

· Language: The language used for this project will be MATLab. MATLab serves as very useful for neural network code, since the frequent matrix use can optimize the neural network construction. Replacing for loop options with matrix/vectorization options reduces the amount of time in the algorithm significantly. 

· Testing: Testing is done automatically in the program. In order to optimize the sonar image, pixels in the program will be labeled as interesting/not interesting/ignore. Usually, interesting pixels are part of the visible vertical lines, while not interesting/ignore pixels represent excess noise or blank space. Once the pixels are selected, the program can update in order to refine the sonar image, removing the excess noise, running the data of the original sonar image and the selected pixel data into a neural network. We can see how well the neural network works by seeing how well the output detection space captures the signals of interest.

· In addition to observational testing, empirical testing will also be used. A desired output matrix will be calculated for the entire image. The output that the neural network generates will be compared to the desired output matrix and the error will be calculated from that.

   5. Expected Results & Applications, value to others:


Because of MATLab’s built-in ability to provide an image representation of each variable used, Some of the visuals include:

1. colored graph images of the matrices used: each color is a relative value to the other values (pixels marked blue usually have a small value compared to the red pixel values)
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2.  before/after comparison (before: original sonar image, after: output detection space)

The results will mostly be in this image format. The goal is that the strong signals of interest will be displayed once adequate pixels are selected. In addition, more obscure signals of interest will also be displayed.

