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Abstract

My project is a proof of concept for an autonomous line-tracking spherical robot.  It has line tracking and obstacle avoidance capabilities. The robot is set to an initial velocity and rolls at that velocity whilst following a black line on the ground until it sees an object in its path. It then reacts by going around the object slowly and then resumes its normal speed once it has found the line again.  

Executive Summary

Spherius’ platform rests inside of a clear plastic hamster ball (11.5”).  The platform is made from airplane grade multi-ply wood cut using a pcb milling machine and Autocad software.   A strong platform was necessary to hold the suspended weight and the airplane wood was sufficient.   The central axis about which the platform rotates  is made of 3/8” all-thread from Lowe’s Hardware. The motor, which is positioned under the platform, drives a large gear that is coupled to the all-thread.  This, in turn, will rotate the platform about the axis and relative to the ball.  The weight is made up of the batteries and connected as part of the platform.  Thus, if the platform rotates, then the weight rotates and the shell will rotate due to the potential energy of the displaced weight. 
Introduction

Most modern line tracking robots are useful in the sense of a proof of concept.  Tracking a line can be used for many applications such as factory robots that retrieve parts, industrial robots that move heavy loads, etc.  An immediate problem arises with the standard line-tracking robots that is common to most land-based robots.  That is the problem of terrain.  It most applications, a robust and large robot would have little problem with aberrations in terrain or even dynamic topography.  In most cases, the industrial environment topography is simply flat and thus very friendly to line-tracking robots. 


This project is meant to address the few cases when the topography of the robot’s environment is not conducive to simple two dimensional motion and to explore the future of robots that could handle dynamic terrain robustly such as a mars rover.  Spherius combats this problem with its shape.  The advantage of Spherius being the shape of a sphere is that it is immune to many of the imperfections in the terrain that occur in non-ideal environmental settings.  Even the caterpillar scheme of actuation as seen in the present mars rover has some susceptance to roll-over. However, in the case of a spherical robot, it is supposed to rollover.  Line-tracking can thus be extrapolated to non-ideal (non-flat) terrains.  


The objective of this project is to create a robust spherical line-tracking robot and prove its ability to follow a line despite dynamic terrain even sand and water.  This paper will discuss the integrated system proposed along with the individual sub-systems.  In addition, the paper will go into some detail about the actuation, platform, sensors and behavior.
Integrated System

The systems of the Spherius robot will be organized into actuation, platform balance, and obstacle avoidance and line following.  The microprocessor will receive input from the sensors the act according to predetermined algorithms.
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Obstacle Avoidance- IR distance measurements to gauge Spherius’ proximity to obstacles. 

Platform Balance- Tilt sensors to gauge the angular displacement of the platform  

Line Following- Photoreflector sensors on the bottom of the robot will report to the microprocessor the robot’s alignment with a black line on the ground.

Actuation- The motors are controlled by a motor driver daughter board that is controlled by the microprocessor.  The angular displacement and speed of the entire vehicle can be gauged by IR sensors that report to the microP, as well.
This structure will maintain the motion of the vehicle in an ordered state that avoids obstacles and maintains balance in order to perform the function of line following.  Multitasking can be achieved best in software by use of hardware interrupts or polling sensors.

Mobile Platform

The mobile platform will house the Mavric-II development board along with most other sensors.  In addition, the motors will be attached directly to the platform and thus the platform will rotate about the central axis of the ball.  The platform will be connected to the central axis via two free-rotating bearings.   This platform is then placed inside the ball and the ball is simply a shell that couples to the axis by locking washers and nuts.
Actuation

The actuation of Spherius is performed by the rotation of a counter-weight about a fixed axis.  A gearhead DC motor coupled to the axis via reduction gears can be used for the rotation of the weight in the forward direction.  This is a robust and powerful choice for the spherical robot.  The greatest actuation efficiency happens when most of the weight is lowest to the ground.
  The ball is turned by rotating the weight from side to side using a servo (140oz./in.) and a lever arm.

Sensors

	Qty.
	Sensor Type
	Function
	Orientation

	4
	Photoreflector
	Line-Tracking
	Downwards

	1-2
	Bump Switches
	Collision Detection
	Any

	2
	IR receiver
	User Interface
	Forward

	1
	2-D

Accelerometer
	Tilt Detection
	Flat


 Conclusion


In conclusion, Spherius was successful in moving forward, avoiding obstacles, and stabilizing itself.  The line-tracking feature was not completed due to size constraints inside the ball.   The performance of the servo stabilizing is the most impressive feature of the robot as if incorporates sensors and actuators at the same time.  I would like to thank Drs. Arroyo and Schwartz as well as Adam and Julio for their support.
Documentation

Atmel ATMega128 Documentation

http://www.atmel.com/dyn/resources/prod_documents/doc2467.pdf

AVRFreaks

http://www.avrfreaks.net/

BDMICRO
http://www.bdmicro.com/

Appendices

Sample Code:
void StabX(void)

{


lean=X();


while (lean > leanTH || lean < -leanTH) 



{





if (lean > leanTH)





{






left(lean*5);
















}




else if (lean<-leanTH)





{






right(lean*5);













}




lean=X();




}

}
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