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The purpose of this assignment is to develop a reactive robot, along the lines of Brooks’ 
work, using the Lego Mindstorms system.  Each group of 3 students will receive one 
Lego Mindstorms kit, which includes brick (brain), light sensor, two touch sensors, two 
motors, and various Lego pieces to build from.  You will build and test a vehicle with 
three behaviors, and we hope that by linking two simple sense-act behaviors, we will be 
able to get our vehicle to drive reasonably intelligently. 
 
The Vehicle 
 
Although you are welcome to use your own design, it is highly recommended that you 
base your vehicle on Tankbot, Linebot and Bugbot from Baum’s Definitive Guide to 
Lego Mindstorms.  (The plans will be available as a separate handout).  These vehicles 
use the tracks, which have been proven to be more effective for robots steered by 
differential drive.  If you choose to modify the plans, please do not make your robot 
considerably larger or smaller than Tankbot, because the roads and other parts of the 
assignment depend on the robot’s size to an extent. Your robot should include two 
separately controllable motors, one to control each side. 
 
Actions 
 
To move forward, both motors should be programmed to move in the forward direction.  
To move in reverse, both motors should be programmed to move in the backward 
direction.  (Hint:  turning a motor’s connector 90 degrees on the pad will reverse its 
orientation with respect to its programming.)  To steer your robot, you will move one 
track while stopping the other one.  The track on the outside of the turn is the one that 
should be moving, so to turn right, stop the left track, and to turn left, stop the right track.  
A tighter turn can be achieved by moving the inner track backwards; you can experiment 
with this to see whether it is needed.  Therefore, the actions that will be needed will be: 
FORWARD, BACKWARD, LEFT, and RIGHT.    
 
Light Sensor and the Road 
 
Three “road segments” have been provided in a separate document.  There is a straight 
segment, a left-turn segment, and a right-turn segment.  The colors are black for the road, 
yellow to the left of the road and white to the right of the road (think of the yellow middle 
line and the white outer line of real roads, but we’ve made the lines thicker to give your 
robot more time to sense them.)  By printing out several copies of the segments that you 
need, you should be able to provide a variety of interesting roads for your robot to travel. 
 



The light sensor responds to reflected light with a numeric value.  You will need to 
program it so that it can distinguish black, yellow, and white areas on the road.  
Therefore, the light sensor will effectively have 3 messages:  BLACK, YELLOW, and 
WHITE.  Since the response of a sensor can change due to light conditions, it would be 
best if your system could be set up in real time (i.e there would be a part of your program 
where you would place the robot on a particular color and it would set its threshold 
values.)  However, this is NOT REQUIRED for successful completion of the project. 
 
Touch Sensors and Bumper 
 
The touch sensors have two positions, “in” and “out”. Depending on the exact structure 
of your bumper(s), either the “in” or the “out” could be the appropriate setting that 
indicates that your robot is touching an obstacle.  In a sense, then, the touch sensor has 
two messages:  TOUCHING and NOT-TOUCHING.  Use the bugbot design or your own 
design to develop bumpers that can hopefully detect an obstacle before your robot is hurt 
by it!  You may use one or both touch sensors.  It is acceptable to consider only collisions 
that might happen while the robot is moving forward. 
 
Behaviors 
 
Using the pieces that have been described, you will develop the following behaviors. 
 
1. FORWARD:  When the robot is turned on, it should move forward, going straight 
enough to cover at least 3 straight road segments without diverting from the road.  There 
is no sensing for this behavior. 
 
2.  FOLLOW_THE_ROAD:  This behavior is made up of three parallel SENSE-ACT 
connections:   BLACK-> FORWARD, YELLOW->RIGHT, WHITE->LEFT 
 
3.  AVOID-OBSTACLE:  This behavior is a simple sense and a more complicated 
action:  TOUCHING->STOP, LEFT, FORWARD.  The idea is that the robot will move 
to the left of the obstacle, then continue its existing plan 
 
Combining Behaviors 
 
When there is no obstacle, the robot should FOLLOW_THE_ROAD.  If an obstacle is 
sensed, the AVOID_OBSTACLE behavior should override the FOLLOW_THE_ROAD 
behavior for an appropriate mount of time.  The goal is to first, get the robot to pass a 
stationary obstacle blocking the road, and second (if possible) to pass a slower vehicle 
ahead of it on the road.  You might find that the FORWARD behavior is needed between 
turning during FOLLOW_THE_ROAD to avoid robots doing donuts in the yellow or 
white areas. 
 



THE ASSIGNMENT 
 
Design, build and test a robot with the behaviors specified above.  You should build each 
of the 3 main behaviors listed under behavior separately (and test them carefully), 
downloading them to programs 1, 2 and 3 of the brick, respectively.  Your combined 
behavior program should be downloaded to position 5 of the brick.  On Tuesday, May 2, 
the robots will all be demonstrated in class. 
 
One report will be submitted per team.  The report should describe in detail each stage of 
your robot including:   
 1.  Design and testing of the physical robot (including FORWARD). 
 2.  Design and testing of the FOLLOW_THE_ROAD behavior and its subparts. 
 3.  Design and testing of the AVOID_OBSTACLE behavior and its subparts. 
 4.  Design and testing of the combined behavior. 
 5.  Evaluation of your robot’s performance. 
 
Each program that is written should be included in your report, as well as the design of 
your bumpers and any other modifications that you make to the standard designs.  Be 
sure, at each stage to explain both WHAT you did and WHY you did it.  As this is a 
scientific report, you should avoid the use of “I” (which makes sense, as this is a team 
report) and use a relatively formal writing style.  Be sure to describe your tests and 
outcomes honestly, and don’t leave out failures.  Someone reading the report can learn as 
much or more from an attempt that did not work as they can from one that did.  The 
length of the report should be sufficient to completely describe your work; It is unlikely 
that it could be done in less than 5 double-spaced pages using the same font and margin 
constraints as the papers for this class (not including programs and diagrams).  


