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Abstract

CMUCam2 cameras are provided in the 2005 FIRST Competition starting kit. They can detect and track objects in a specified range of color. For competition robots using the CMUCam2 camera system, aluminum will cause an increase in the intensity of the color detected by the camera. This means that with a constant color tracking value calibrated to a high contrast environment, the camera will be unable to accurately detect color on objects when there is aluminum in the background without an impractically high tolerance in color detection. Future research should focus on the significance of the intensity change caused by aluminum objects at longer distances and closer simulate the conditions in a 2005 game field.

Introduction

Our project will study the effects of aluminum materials on the FIRST (For Inspiration and Recognition of Science and Technology) Competition field on the color tracking in the CMUCam2 camera sensor provided in the 2005 FIRST Robotics Competition kit of parts. Our goal is to find the color intensity change when a scene seen by the camera has aluminum in the vicinity of the color tracked object. We will also find the effect of this intensity change on the color tracking algorithm, particularly on its confidence values (the difference between tracked pixels and the tracking rectangle). Our plan is to use a white background with a bright red tracking target as our control Other research in the subject suggests that this is an ideal condition for the camera to track [Grano, 2001]. This will allow us to eliminate certain impractical strategies for robot control in the FIRST Robotics Competition.


The CMUCam2 camera sensor provided in the 2005 FIRST Robotics Competition kit of parts has the ability to track objects in its field of vision by its color. The camera can communicate with a host machine with an RS-232 port. A simple algorithm is contained in the camera board for determining if pixels are within a certain range of color and determining colored objects from this. Due to computational limitations, the algorithm is very simple and does not account for multiple objects of similar color.


The algorithm consists of sampling pixels in each row of the image the camera sees to determine if it is within a program specified range of color and recording the leftmost, rightmost, topmost and bottommost pixels. A  rectangle is created from the position of the extremities of the colored pixels and this represents the colored object. The camera algorithm filters noise by ignoring clumps of pixels in the color range that do not reach a certain size threshold. Additionally the algorithm returns a value for its confidence in the resulting tracking rectangle. This value is proportionate to the number of tracked pixels and inversely proportionate to the area of the tracking rectangle [Rowe, 2003].


The FIRST Robotics Competition is an annual competition where teams (comprised mostly of high school teams) compete in an objective-based game with robots. The game and corresponding rules change every year, but generally the robots are land-based and weigh around 130 pounds. An important component in the FIRST Robotics games is the autonomous period (this has not always been a part of the competition games, but it has been included consistently since its initial inclusion). The autonomous period is a section of a game match where a robot acts on its sensor input with no input from a human operator. The use of sensors is very important in autonomous mode because the game field is usually not constant. Some sensors used in previous competitions to aid robot autonomy include mechanical or optical encoders, gyroscopes, accelerometers, potentiometers and infrared sensors.


In the 2005 FIRST Robotics Competition there are objects on the playing field which are colored with paint with very specific colors which are manipulated by competing robots. Manipulating colored PVC tetrahedrons (nicknamed "vision tetras") on the field will give the competing alliances (composed of three robotics teams and robots) a competitive advantage. Two colored tetrahedrons will be placed on 8 specified locations randomly, the placement will change from match to match. Using the camera included in the 2005 kit of parts it is possible to maneuver the robot into a position to manipulate the tetrahedrons.


The competition field has nine stationary goals which are composed of a hollow assembly composed of an aluminum rectangular prism and a tetrahedron. These goals are placed in three rows. From the perspective of an observer positioned at a short edge boundary of the field the rows are positioned left to right with one row at the far edge, one row at the center and one row at the observer's edge.


These aluminum goals are visible to a camera sensor on a robot on the field from most positions. Because of the initial positioning of the robots on the field in a match if a robot is using a camera sensor to track the vision tetras the chance that an aluminum goal is in its field of vision is extremely high.


It is possible that these aluminum goals will reflect light and change the perceived color of the vision tetras for a camera sensor. Because the camera sensors are programmed to find color in a small range (a high tolerance causes too much noise to be detected) a large change in perceived tetra color will make the camera significantly less useful in the competition. If a high tolerance to get around the problem is set there is the chance that  undesirable random objects in the background (e.g. clothing of judges or robot drivers) will get detected. Some previous research in autonomous vision has touched upon this issue and some software solutions have been proposed [Grano, 2001]. A software solution may not be practical for the CMUCam2 because of the speed limitations in RS-232 communications, an image to be processed takes a very long time to get transferred to a processing machine.


We expect to find that aluminum in the background will affect the intensity of an object's color and require the camera to have a large color range (which may make the sensor impractical due to noise). If the camera is affected by background aluminum this will require robotics teams to reconsider their autonomous period strategies or sensor use.

Methods

The CMUcam2 camera included in the 2005 kit of parts requires a 5V power source to operate. We used the 2005 FRC (FIRST Robot Controller) to provide the 5V of power by connecting a PWM cable from PWM output pins on the FRC to the camera. The FRC was connected to a 12V Exide ES18-12 battery and a 7.2V NiCad backup battery. A PC's RS-232 port was connected to the camera's RS-232 port with a DB-9 serial cable to receive and send information to the camera. The PC was running the Windows XP Professional operating system. The CMUcam2 manual has instructions and diagrams for this wiring.


A 38.7 cm by 39.4 cm by 0.5 cm white polycarbonate board was used to provide a background for a bright red PVC target which the camera would track. The PVC target was painted with Krylon Colorworks 8010 fluorescent red paint and its dimensions were 12.7 cm by 12.7 cm by 0.3 cm.


This target was duct taped (the tape was applied to the underside so the camera could not see it) to the polycarbonate board in the center. This assembly was set 95.5 centimeters away from the camera on a wooden table.


The camera was mounted to the side of a 3.85 cm by 8.35 cm by 15.2 cm wooden block using zip ties. Two holes were drilled 2.8 cm from the edge closest to the target. The holes were 6.5 cm apart and the top was 5 cm from the top edge. Another pair of holes was drilled 3.85 cm from the edge closest to the target. Each hole was 0.5 cm in diameter. A zip tie was put through each pair of holes. The camera was 9.5 cm from the top of the wooden table the assembly was placed on.


A program written in Java (a programming language) for camera calibration and management was provided for the FIRST competition (it is available at http://www.ifirobotics.com/docs/cmucam2-documents-and-software1.zip, the executable is named CMUCam2GUI_fe.jar). We used this program to set settings on the camera. The white balance setting was turned on for this experiment (images from the camera looked closer to what a human could see with white balance on). After setting white balance on the frame grabbing feature was used to get a bitmap image from the camera on the program's image viewing area. We used the program's color checking feature to find the RGB value for the color of the target object, this was used as our control color value. It is important to keep the lighting for the room constant for all the testing that is done.


After setting white balance on, the program was exited (However, the camera was not sent a reset command or power cycled) and the Hyperterminal program (This is a program include in the default installation of Windows. It is typically located in the Accessories/Communications section of the start menu) was used to communicate with the camera.


The connection settings were set to 115200 baud, 8 data bits, no parity, 1 stop bit and no flow control of any kind. The program was set to echo sent characters locally, to append \r characters to output and to append \r characters to input. To confirm that the camera was still connected to the PC a \r character was sent over the serial connection. "ACK" strings were sent back from the camera to confirm.


Based upon the control value obtained from the Java program a color range for the camera to track was created. A small range was selected to better simulate conditions in the game. A small range reduces the chance of noise in the camera output; This is preferable in a game field environment where a large amount of noise may be present.


The string "TC 150 190 60 90 16 30" was sent to the camera through the serial connection. The numbers represent the minimum red value, maximum red value, minimum green value, maximum green value, minimum blue value, and maximum blue value, respectively. The camera returned an "ACK" to acknowledge the command and then returned information in the T packet format. The T packet numbers represent the middle of mass point x value, middle of mass point y value, leftmost corner point x value, leftmost corner point y value, rightmost corner point x value, rightmost corner point y value, pixels counted and confidence value. The pixel count and confidence values were recorded until 100 T packets had been received.


The polycarbonate board was then marked off into one inch partitions at the bottom and top edges and 39.4 cm long and 2.54 cm wide aluminum strips were glued to the board starting at one edge to the other with 2.54 cm between each strip. The glue used was epoxy glue (the glue was set to dry for 24 hours). The target was taped to the same location on the board over the strips. The camera was restarted, the Java program was used to set white balance on, and then the color of the target in a grabbed frame was recorded. The Java program was then exited and Hyperterminal was used to set the camera to track colors in the decided range and pixel count and confidence values for 100 T packets was recorded.


An aluminum board the size of the polycarbonate board was set up in the same location with the target in the same location on the board. The camera setup and data recording procedure used for the polycarbonate board with aluminum strips was used for this aluminum board.

Materials
· 2005 FRC Robot Controller

· 12V Exide ES18-12 battery

· 7.2V NiCad battery

· PWM cables

· CMUcam2 Camera

· PC with serial communications program

· White polycarbonate board

· PVC

· Aluminum

· Zip-ties

· Krylon Colorworks 8010 fluorescent red paint

Results
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Figure 1. RGB value for the target in each test. Color intensity is expressed in one byte (possible values range from 0 to 255). 255 red, 255 green, 255 blue is white and 0 red, 0 green, 0 blue is black.
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Figure 2. The number of pixels in the rectangular tracking area for 100 packets in the control test.
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Figure 3. The confidence values (how close the pixels tracked are to the area of the tracking rectangle) of 100 packets in the control test.
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Figure 4. The number of pixels in the rectangular tracking area for 100 packets in the control test. 
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Figure 5. The confidence values of 100 packets in the third test with the aluminum plate.

Compiled Data
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Figure 6. Average number of pixels for 100 packets for each test.
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Figure 7. Average confidence value for 100 packets for each test.

All pixel amounts and confidence values for the second test with the aluminum strips were 0. That means no pixels were tracked.

Discussion

The results suggested that our hypothesis that the color intensity of the target increased with the aluminum was true. The measured color intensity of the target was considerably higher in the two experimental tests than in the control (Figure 1).


The pixel count was very low compared to the control in both experimental tests, this suggests the camera was not tracking anything in those two tests. The pixel count and confidence value was 0 for all 100 packets for the second test, this is particularly strong evidence that there was no tracking for the second test.


However, there are some abnormalities in the data. Even though the intensity of the colors in the third test are greater than in the second test the camera was tracking better in the third test than in the second (Figure 4, 5). Since there were no pixels tracked in the second test we would expect the same in the third test where color intensity is even higher and farther out of the color range that was specified. The rapid fluctuations in pixel counts and confidence values seem to suggest that there was random noise that caused the abnormal data. 


Because of the abnormalities in some of the data conducting each test in a more controlled environment may improve results. The background seen by the camera contained more than the plastic or aluminum board and was cluttered and did not have a consistent color. If the background was a blank white wall there may have been less abnormal data because the chance of noise would be reduced.


From the color intensities of the target we can see that with a large range it would be possible to track the color of the target on a white board or with aluminum in the scene. However, it seems likely that this would produce more noise. We are uncertain how much noise would be produced by setting a large range and whether this noise would make the range impractical in the game field. This is an important route for future research as it enables more conclusions to be drawn about the practical applications of this research.


The aluminum and the white board were both placed directly behind the target. Placement of background objects at a distance (at least 1 meter away) would be a more realistic situation to test. In the competition game it is more likely that an aluminum object would be far away in the background than directly behind a target on the game field. Testing the camera with 1:1 scale aluminum replicas of the field objects in the 2005 competition would be good for future research as the results would be directly applicable to the competition strategy.
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