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Introduction
Group C has a very interesting design of the Video Imaged Spatial Positioning System.  During the course of our review, we uncovered a few issues we think the group should look at before proceeding.  These issues include camera noise filtering, averaging sample frames, filtering non-laser intense areas, floating point math, and FGPA memory constraints.

Noise Filtering

Problem

Random single-pixel noise with large laser-like intensity is present and is an inherent property of the camera.  When the laser-locating algorithm scans the image, high intensity noise will it harder to find the exact location of the pointer.  This could result in an inaccurate measurement of the location. The same problem could be caused by the sun reflecting off of shiny surfaces, limiting the application to indoor use only. 

Recommendation to solve the problem

A 9-pixel median filter could be used to eliminate the saturated one-pixel noise.  To do this, three rows of data must be stored in memory.  Before the aiming algorithm scans the image to find the laser pointer, an average will be taken of the surrounding pixels.  This simple filter will reduce all single pixel noise leaving the multi-pixel laser region the highest intensity area in the image.
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Figure 1. Nine-Pixel Median Filter
If it proves too memory intensive to use the 9-pixel average, a 3-pixel average could be used instead.  This type of median averaging could be done on the fly as the image data is coming in from the camera.  No memory references would be necessary to do this average, but the average is not as effective at reducing the noise.

Averaging Frames

Problem

When a human is holding the laser pointer, it proves very difficult to hold the pointer in exactly the same spot.  The laser point from frame to frame will constantly be moving even when a user is holding the pointer still.  This could cause undesired output to the user because the distance number will constantly be changing.

Recommendation to solve the problem

We recommend that an average over several frames be taken of the laser pointer location after the median filter (See Figure 2).  This will help keep the output to the user from constantly changing while they hold the pointer still. 
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Figure 2. Averaging of Laser Location.

Interfering Intense Sources

Problem

Light reflection off shiny surfaces like chrome and white paper will look like a laser light to the camera because this constant reflective light has a high intensity.  If not carefully handled, the device will not be able to tell if a high intensity spot comes from the laser or just a bright reflection.  This would to false distance readings.

Recommendation to solve the problem

To combat constant intense light sources, strobe the laser light so the camera will take both pictures of frame with and without laser. Then, analyze the difference in the images to filter out everything in the scene except the laser spot.  Then the laser-locating algorithm will have much less computation find the laser point.  

Memory Constraints

Problem

The design is currently using the XS-40 board, which has a very limited amount of memory. However, the system has to process raw image data from two cameras, including averaging, filtering, and taking deltas between two frames. Therefore, the system may require more space that what XS-40 board has.

Recommendation to solve the problem

Using XSV-300 board instead of XS-40 board will provide sufficiently more gates in which to do the computation.

Floating Point Math

Problem

The current design states that floating point math will be done to compute inverse tangent.  Calculating is very computationally intensive.  The parameters in the arctangent equation are the row and column indexes in which the pointer is located from the cameras.

Solution

Because there are a fixed number of inputs to the arctangent function, a lookup table may be a better option as it is much faster and the memory requirement is minimal.  One lookup table will require 356 entries and the other will need 292 entries.  Because all possible row and column indexes can be held in memory, there is no loss in precision in the calculation.

