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Introduction
Group C is very likely to succeed in satisfying their project requirements.  Our in-depth analysis our their project indicates that they have thought through many of the issues we presented them in our last review and fixed all the problems that we found.  During the course of our final review, we uncovered one issue we think the group should look.  We also came up with additions the group could think about making their project more versatile.  

Bit Width of Output

Problem

Currently, the output on the RS232 port will use 8 bits per coordinate to transmit the data off the board to the user.  This means that there are only 255 possible values for the X, Y, and Z coordinate.  There are two problems with this.

The first issue is this schema limits the ability to plug in high resolution cameras and use the additional resolution to output more accurate coordinates.  Currently the group is using 255 by 255 pixel camera images to compute their coordinates.  This allows for coordinates that are accurate to 0.1 inches to coordinates with a Z of 63 inches.  Outputting only 8-bit data works fine for this situation, but it is expressed in their document that they want the ability to swap in high resolution cameras in the future (See Figure 1).  
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Figure 1.  Output Coordinate Accuracy.

Figure 1 shows that when a high resolution camera (a 512x512 instead of a 256x256), the output accuracy is exactly the same as the low resolution camera because of the output bit-width bottleneck.

The second problem with the 8-bit output is the accuracy of the distance coordinate (Z) is always poor no matter how far the distance is.  Limiting the Z coordinate to only 255 values and guaranteeing that the VISPS system will work up to 60 away, this means there must be a value for every Z coordinate from 0 feet to 60 feet.  This limits the Z coordinate to have a resolution of 2.82 inches at all ranges (See Figure 2).  This resolution is not consistent with the resolution of the X and Y coordinates where they can be as accurate as 0.09 inches.
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Figure 2.  Distance Coordinate Resolution Calculation.

If the desired Z output is to have a resolution of 0.09 inches similar to the X and Y coordinate, then the range of the system is only 23.04 inches.
Recommendation to solve the problem

Increase the size of the output to 16 bits.  This will create a problem of detecting the start byte, so it must also be increased to 16 bits.  When two 255 bytes are found in a row, that will be the start signal.  Using 16 bits allows for a Z coordinate resolution of 0.09 inches to a range of 5898 inches or 491.52 feet, which is well above the 60-foot operation range.

Leveling The Cameras

Problem

When the user of the system sets the system up, they must be very sure that the platform is perfectly parallel with the horizon.  This is no trivial task.  The larger the degree of setup error, the more the coordinates will be off from the true location of the laser pointer (See Figure 3).
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Figure 3.  Tilted Camera Platform Vs. Horizontal.
The user will think that as they draw the laser pointer up a straight wall that only the Y and possibly the Z coordinate will be changing.  If the platform is not perfectly horizontal, the cameras will not see this line as being straight up and cause the X to change as well.

Recommendation to solve the problem

There are several ways to help alleviate this problem.  A simple solution would be to add two bubble levels to the apparatus to aid the user in leveling the device.  While this is a simple solution, it still will require some precision by the user to get it perfectly correct.

An alternate solution would be to add two digital levels to the system.  Once the system is setup, the digital levels could read how far the apparatus was tilted in the X and Y directions.  It could use this information to correct the coordinate to the position that the user is expecting.  Using this technique, the user wouldn’t have to get the apparatus perfectly level, yet the vertical and horizontal axes for the user and the output coordinates would be the same.

Disclosing Operating Conditions

Problem

The situations in which this system is guaranteed to work are not disclosed.  Unfortunately due to the sun and other intense light emitting sources, there exist situations in which this system will not work.  Also if the laser is pointing at a dark colored object, there will not be sufficient laser reflection for the system to aim it.

Recommendation to solve the problem

We recommend that you clearly define in which environments your system will definitely work.  This takes the burden off of your design when the system is not able to find coordinates in conditions that are commonly found, such as sunlight and dark colored objects.

