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Executive Summary

The following is a proposal for a Senior Design Project consisting of the adaptation of an AmigoBot for use as a survey robot. Our goal is to allow the robot to traverse a given rectangular area delimited by coordinates on a GPS receiver, detect and avoid obstacles in its path and at the same time map them onto an empty map of the area.

The project involves both hardware and software development. In the hardware part we must build a GPS differential receiver which will allow us to use the GPS with a greater resolution, interface a controller to the robot’s sensors and motors and the GPS. The software part will involve developing a navigational algorithm for traversing a square room as well as reactive obstacle avoidance behaviors. In addition there must be a mapping algorithm which can translate detection of obstacles into images on a map.

Testing will be done in continuously and in stages. We will first develop and test the hardware components and the communications. The second stage will be to integrate a navigation algorithm with obstacle avoidance to enable the robot to move autonomously. The final stage will be to incorporate a mapping software that will show the obstacles encountered by the robot during its trajectory.


This system could lead to future projects involving more extensive mapping, as well as route-learning and optimization.  This robotic platform will be also an excellent test-bed for utilizing DGPS in small-scale applications and could lead to low cost precision guidance systems.  
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A-1
Introduction

The purpose of the SurveyBot project is to utilize Differential GPS (DGPS) technology into a robotic system capable of navigating accurately to precise locations, as well as mapping the locations of obstacles on the way using sonar and touch sensors.  This system could lead to future projects involving more extensive mapping, as well as route-learning and optimization.  This robotic platform will be an excellent test-bed for utilizing DGPS in small-scale applications.  


The robot will be based upon the existing AmigoBot platform.  The AmigoBot is to be controlled via serial link from an onboard laptop computer.  Also interfaced to the computer will be a DGPS system, consisting of a handheld GPS receiver corrected by a Differential correction receiver.   


The results of this project will be largely dependent upon the achieved accuracy of the Differential GPS system, as well as the performance of the mapping and routing software.  The goal is to develop a robot capable of navigating to within 1-2 meters of specified waypoints, as well as mapping obstacles in the way with the same accuracy.  

Technical Details

The SurveyBot project will consist of both hardware and software systems, with a laptop computer tying together and controlling the separate systems.  The robot will be based upon the AmigoBot, a commercially available educational robot platform.  The AmigotBot contains a variety of sensors, including sonar and bump sensors, which will be used by the mapping software.  The AmigoBot can be programmed as a stand-alone unit, or can be controlled via serial link.  Because of the processing capability required for this project, it was decided that a laptop computer be used as the central controller, sending commands to and receiving data from the AmigoBot itself via serial link.  Much of the serial control operations will be based upon previous work from the Summer 2002 Senior Design Project by the NIOS robot group, which used a C program to control the AmigoBot through the serial link.


The other main hardware component of the project will be the Differential GPS system.  This system consists of a standard GPS receiver (a Garmin eTrx is being used for testing, while the final design may incorporate a smaller, board-mounted GPS unit), as well as a Differential GPS correction receiver board.  This board is being built from a description from Rich Heineck’s “Build Your Own Differential GPS Receiver” project, the details of which can be accessed at http://home1.gte.net/clseng/dgps_index.htm.  This receiver board is tuned by the GPS receiver to the nearest station broadcasting medium-frequency DGPS corrections, and in turn sends the corrections to the GPS unit, enabling a reported accuracy of 1-3 meters.  For more details of the Differential GPS concept, consult the DGPS resource at http://www.edu-observatory.org/gps/dgps.html.  The GPS unit will be sending position data to the laptop, which will process and integrate the data into the robot control program.


The other side of the project is the software component.  The laptop computer will have the job of communicating with both the AmigoBot and the GPS.  The control program will use robot sensor data, as well as GPS location data to map objects, steer toward waypoints, and also keep track of heading and speed.  Because the control program will normally run without operator input, it will most likely be console-based, rather than a GUI.  Should time allow, a more user-friendly GUI may be developed in order to provide better on-the-fly monitoring and control of the robot. Otherwise, this may be a good starting point for future projects.

Tasks & Schedule

The first two weeks we came up with the idea and decided what we needed to purchase.  The third week comprised of finding vendors to buy the parts from and placing the orders.  The parts we had to order are for the differential GPS receiver board that we are building and the actual AmigoBOT itself. We will also be using a laptop to interface everything together, but we are acquiring this locally.  Also starting in week 3 we will start to write software to interface with the AmigoBOT and GPS unit.  We estimate that this will take about three weeks.  All the software we will be writing is in C.


Starting in week 4 the parts should have arrived and we will assemble and test the differential GPS receiver board.  We estimate that this will take up to three weeks.  Next we will implement the navigation and control software as well as the mapping software.  This will take around 4 weeks to complete.


Weeks 6 and 7 will be used to test the DGPS receiver accuracy and interface this positioning system with the AmigoBOT.  Starting in week 8 we should be finishing up everything and starting to do functionality testing and refining.  We will also start the final report at this stage.  By week 10 everything should be complete and working correctly.


A Gantt chart of the project time schedule is in the appendix.

Proposed Demonstration
The demonstration of the project will be done in a cleared-out hallway, which will have large obstacles, possibly boxes, placed randomly inside a specified area. The delimiting coordinates of the area to traverse will be inputted into the robot. With the area defined, the robot should be able to traverse the given area and create a map representation of it. By comparing the map with the actual area we can determine the success of the project.  

The prototype will be tested at several different stages of the project. The communications and basic control of the robot through the PC will be tested by sending simple commands to the robot and observing its response. The differential GPS receiver will be tested by obtaining readings and comparing to expected predetermined positions. After communications are set and the GPS is functional, a navigational program can be tested on the robot in an empty area. After this step the obstacle avoidance behavior can be added to the navigation program and be tested by adding obstacles inside the area. Finally the mapping algorithm will be tested by itself using sample data to generate a controlled output map and once everything is functional it can be implemented on the robot and tested inside the determined area. 
Marketing & Cost Analysis

Our SurveyBot is designed to survey a given location and map out the area and where obstacles were encountered.  This is advantageous to people if the territory is unknown or unsafe.  The SurveyBot can traverse the area and report back where obstacles are located and how big the area is.  The SurveyBot can also operate at night without the need for lighting to illuminate its path, this way work can be completed during the night as well as during daylight to be more efficient.  


The electrical and computer engineering department at the University of South Carolina has an Intelligent Inspection and Survey Robot in development.  There robot is designed to go into Department of Energy warehouses that contain thousands of steel drums containing radioactive waste and inspect them for deterioration.  This allows for the humans to not be exposed to the radioactive materials while still being able to inspect the drums.  Our SurveyBot is similar in the fact that it can go into unsafe environments but ours is designed to map out obstacles in an area and not inspect items.  Our robot is designed more to do surveying than inspecting.


The budget we have for the construction of our SurveyBot is around $2,725 (USD).
 This includes $1,500 for the actual AmigoBOT, about $1,000 for a laptop to control its movement, communications, and data, $150 for a GPS unit, and $75 for a differential GPS receiver.
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