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Abstract
This robot is intended to follow directions in the environment and take pictures along the way. It will detect cues from the environment, such as motion. Behaviors include obstacle avoidance and detection, controlling a standard digital camera, and waiting for changes in the environment. Directions are given to it via colored tokens placed in the environment.
Introduction

For several years, I have been into amateur photography. When I travel, I like to take pictures of landmarks, events, and people. I share my pictures with family, friends, and post them on the Internet at sites such as Wikipedia. My goal of this project was to create a device that will “hold the camera” for me when I am unable to or if there are areas where I want to take pictures but are inaccessible. The robot could also be used as a “spy” camera device that can patrol an area and take a snapshot or movie when it detects light or motion.

Executive Summary

I designed and built a simple autonomous device that controls a standard camera. The device can be used for surveying, spying, and other behaviors. There were some changes from my initial plans. I originally intended for it to read RFID tags embedded in the environment, and interpreting the information from the RFID tags to determine what direction (obtained from an onboard compass) and how far to travel (approximately). Due to the power requirements, cost, weight, and interfacing of the RFID devices, I opted for alternative, simpler, methods of decision making. Instead of reading RFID tags, a CDS cell and LED array pick up variations in the light signal, and using colored tokens (such as pieces of paper) to determine to what to do next. In addition, I hoped to have additional motors/servos controlling the position of the camera, but time constraints and problems with the motors prevented this from happening.

The robot itself is based on two circular pieces of plywood bolted together for strength. The microcontroller board, LCD, and other components are mounted on the top side, with the motors mounted on the underside. I drilled holes in the board in several places for added strength and mounting components. A standard tripod clamps onto the edges of the plywood boards as such that it can be easily attached and removed without damaging any components. The tripod contains a standard camera, with a servo mounted such that the camera can be triggered by the servo. In addition, the tripod can contain other sensors, such as the compass (so that the ground and motors do not interfere with it) and the motion sensor.
There are several behaviors that the robot will do. One is the initialization routine, which will initialize the LCD, servos, analog-digital conversion and pulse width modulation. It will also allow calibration, as light levels and surfaces may be different depending on the situation. The main program routine will allow the robot to “cruise around” while avoiding obstacles. When it finds a colored token, it will then behave depending on the color of the token. Actions may include cruising unless motion occurs, taking a picture when motion occurs, and changing directions. The robot will take a picture by sending a signal to a servo motor which in turns triggers the camera shutter release button. Obstacle avoidance is a standard routine, using bump switches and infrared detectors. 

System

The center of the system is a Rigel RS7J microcontroller board with an ARM AT91SAM7S64 controller. The ARM includes analog/digital conversion, pulse width modulation, and digital I/O. Programming is done through an onboard USB port and the SAM-BA software. The analog/digital converter interfaces with two infra-red and a CDS photo sensor. The motors and servo are driven by digital I/O ports multiplexed with the PWM controller. The digital I/O controller also controls the LCD using an eight-bit data bus and three additional control pins. It also retrieves input from the compass, motion sensor and push-buttons. For wiring the components together, I opted to use a breadboard, as it allowed me to be flexible without having to create a new board every time I made a change to the design. This also saved the hassle of designing and ordering a custom circuit board.
Mobile Platform

The robot is mounted on a circular platform that holds the controller, power supply, and LCD display. The platform also serves as a base for a standard tripod on which the camera will be mounted.
Two infrared sensors are mounted on the front for avoiding obstacles, and a series of bump switches are mounted in the same general area. In addition to detecting obstacles, the bump switches can also be used for user input during the initialization.
Actuation

The most important actuation will be two motors to allow the robot platform to move. Each motor is mounted on opposite sides of the platform. To turn, the motors will simply rotate at different speeds. The motors are generic Airpax branded gear-head motors mounted on the bottom of the platform. Foam wheels are attached to the motor shafts for traction. The motors spin at approximately 30RPM at 12V, but the motor can spin at variable speeds and take anything up to 24 volts of power. A standard servo motor is used to press the shutter-release of the camera. The servo allows relatively precise positioning of the small arm that will control the camera. The motors use motor driver boards to reduce strain on the microcontroller and allow multiple directions with the use of an “H Bridge”, also controlled by the microcontroller. When the motors are driven in alternate directions results, the robot can spin with a small turn radius, well suited for obstacle avoidance
Power
The robot draws its power from six rechargeable AA batteries located on the main platform. They output 9V into the regulator on the main board, which in turn steps it down to 3.3V and 5V for powering the components. The motor boards feed directly from the 9V output by the batteries.

Sensors:

The robot has several sensors. Bump switches are used for collisions with objects. They consist of simple pushbuttons. In addition to the bump switches, infrared sensors will attempt to prevent collisions from occurring. They simply consist of an infrared transmitter and detector. The transmitter will send out a signal and the detector will determine the distance based on what is reflected. The detector returns an analog signal based on how much light was reflected, and this is interpreted by the microcontroller.
Another detector used is a compass. This will simply be used to determine the direction that the robot is facing and used to navigate. The compass uses a pulse width modulation signal to interface with the microcontroller. The signal is slow enough such that the microcontroller can determine the reading using a digital input by measuring width of the signal. A shorter signal length corresponds with a smaller angle. The compass works by using two magnetic sensors mounted at right angles to each other. A controller on the compass board determines the direction based on the readings from these two sensors.
The third type of sensor is a simple motion detector. It interfaces with the microcontroller using a simple digital signal. When it detects motion, it outputs 3.3-5V otherwise it outputs 0V. 

The final sensor type is the surface detection. It consists of a set of LED’s and a CDS cell. The LED array outputs light of a certain color, and the CDS measures how much of the light was reflected. Due to different environmental conditions, this sensor needs to be calibrated during initialization. It currently uses red, green, and blue LED’s to measure reflectivity at different wavelengths. The current configuration uses a single CDS sensor to measure the reflectivity while turning each colored LED on and off.
Behavior:

The main behavior will be “cruising”, where the robot will simply travel around while avoiding obstacles. If it reaches an obstacle, it will turn away from it until it is no longer an obstruction. If a token is detected, the behavior will depend on what is detected. One such behavior would be to wait for motion and trigger the camera. Alternatively, it can fire the camera if and only if no motion is detected. Another behavior is for navigation. If the compass is used, it can correspond to facing a certain direction relative to either north or to the current orientation.
Experimental layout

To test the robot, a series of colored tokens of varying reflectivity is placed on a test course. Some of the tokens will indicate to use the camera, while others will simply give directions. The course itself will consist of a flat layout with a few obstacles, such as furniture.

Conclusion

The final outcome was somewhat different from my original intentions. I originally envisioned a robot that would use RFID tags to navigate and adjust the camera. Instead of using RFID, however, I opted with using LED’s and photo-sensors, as they are more reliable, less expensive, and easier to implement. In addition, the robot has cool looking lights under the platform, which RFID could never do!
I also wanted to have motors controlling the height and pitch of the camera. Unfortunately, problems with the motors and implementation prevented this from occurring. If RFID was used, the tags could contain information on pointing the camera at the desired target. A far fetched idea would be to have motors and servos adjust the focus, shutter, and aperture size of the camera, but this would require a significantly more expensive camera along with many more servos.
There are several improvements I could make to the robot in the future. In addition to adding more LED’s and color abilities, I would like to have better motor control. I had some difficulties with getting the Pulse Width Modulation (PWM) controller to drive the motors, and the lack of a working motor drive board made the robot crawl like a tortoise during the first few runs. The LED array does take some time to pick up signals due to the delay between setting the color output and picking up the reflectance on the A/D converter. This problem can be solved by using separate CDS cells for each color, allowing each wavelength to be measured simultaneously.
The learning experience in this course was very good. I got experience with some low-level interfacing between devices, and ordering and using small electrical components. In addition, it was important to keep backup copies of code and spare hardware components. I lost the use of two motors, one motor driver chip, and compass functionality over the course of the semester.
Documentation
Microcontroller

AT91SAM7S64 documentation


http://www.yeralan.org/agen/pdf/AT91SAM7S64.pdf

Compass

CMPS03 - Robot Compass Module 


http://www.robot-electronics.co.uk/htm/cmps3doc.shtml
LCD
20x4 LCD Display




http://www.junun.org/MarkIII/datasheets/20400LED.pdf
Hitachi HD44780U LCD Controller


http://www.junun.org/MarkIII/datasheets/HD44780u.pdf
IR sensors
Sharp GP2Y0A21YK Distance Measuring Sensor

http://www.junun.org/MarkIII/datasheets/GP2Y0A21YK.pdf
Code samples
ABE 5043 course webpage


http://www.yeralan.org/agen/html/index.htm
Appendix A: Wiring diagram
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