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EXECUTIVE SUMMARY

The purpose of this project is to automate the photographic composition technique of the rule of thirds in real-time on a digital still camera.  Photographers use photographic composition techniques to make a picture look more appealing.  According to the rule of thirds, the main subject of an image must be placed a third of the picture width or height away from the top or bottom edge.  In this project, real-time is the delay users can tolerate in processing an image, which is a few seconds.  Automating the rule of thirds on a digital camera can give the average camera user the ability to take well-composed and appealing images.  The design problem in this project was to write a fixed-point C program to automate the rule of thirds on a 166 Megahertz Texas Instruments (TI) TMS320C6701 Digital Signal Processor (DSP) in real-time.  A fixed-point DSP is typically the main processing unit in a digital still camera.  The design specification is to process a 1024 x 1024 pixel color image within two seconds.  The constraint on the design is that images to be processed must contain a main subject in focus and a blurred background.  MATLAB algorithms for the automation of the rule of thirds have already been proposed.  The C program for DSP implementation is based on the MATLAB algorithm for main-subject detection and rule of thirds automation.  The C program is optimized to use the architecture of the TI DSP to process the image in real-time.  Due to limited internal data memory and slow read and write times to external memory, the C program is designed to process the image in blocks.  The entire image is loaded into external memory and processed in blocks in the internal data memory in one pass to compute the center of gravity.

Due to the slow input-output of the DSP board and slow interface with the external memory the C program was designed to write the rule of thirds image directly to the host computer.  The real-time specification for this project is the time to calculate the center of gravity of image once it is loaded into external memory.  The main implementation challenges were due to the one-pass program to process the image in blocks.  One challenge was fake edges in image blocks that had a very small part of the main subject.  In these blocks the overall variation of frequency was low and as a result the edge detector picked up the background as the main subject.  A threshold for frequency variation removed the fake edges.  The other challenge was the difficulty in masking the main subject in image blocks.  To overcome this problem, I removed the edge detection and contour detection steps and replaced them with a simple threshold following filtering and subtraction from the original image.  A simple threshold reduced processing time by 75% and detected the main subject in close statistical approximation to the MATLAB implementation.  The C program was tested for robustness and functionality. It was also tested for accuracy and processing time.  The C program gave near real-time implementation when tested for images of various sizes.  When using type 'short' for image pixels a 1024 x 1024 pixel color image was processed to calculate the center of gravity in 2.45 seconds. The center of gravity calculation was within 10% of MATLAB implementation for a majority of images.  I discovered one limitation to my C program.  The limitation applies to images where the frequency variation inside the main subject is low.  In these cases, the body of the main subject is not masked completely and causes an error in main subject detection.  The project was a successful research and development endeavor into automation of photographic techniques in real-time for digital still camera.  
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