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Introduction and Motivation

Our design project, the pathfinder, is a lego built car that can operate in two modes, automatic and manual, and is used to follow a black path.  The manual mode allows the user to govern the movement of the car according to input from the keyboard, while the automatic mode allows the computer to ‘intelligently’ follow the track according to sensor input. 

 We chose this project because we both enjoyed the previous lego lab with the lego robotic arm. Using lego is particular interesting because it allowed us to see the physical relevance of our own software.  

Software Flow

The above flow chart shows the ‘flow’ of our code. Our program has three major components: the sensor inputs, the manual option and the automatic option.  The first major component is at the top of the chart, which is where the sensor values are being read. These values are displayed repeatedly, using the Echo Function.  In the manual option, the values are simply displayed to ‘guide’ the user around the track.  The sensor component also checks to see if the car has veered off course or is at the end of the track. The end of the track and the edges of the track are marked by a solid black line. When both sensors read no light, there is an indication to the software that the program should be terminated.  This function precedes all other functions, because it is used by both the manual and automatic option and it is used as an error check.   

For the automatic option, the second major component of the project, the sensor values are not only displayed but are also stored and used to control the direction in which the car travels.  This is carried out in the Auto Function.  If only the left light sensor sees no light, the track must be on the left.  This is an indication that the car should turn left.  If the right sensor senses no light, the car should turn right.  If both sensors see light, the car is going in the right direction so the front steering is turned off and the back wheels move forward.

In the third component, the manual option, the user inputs their desired direction according to the arrow keys and the corresponding direction is loaded into the motor (ie. up arrow key would correspond to moving the car forward).  When the direction is loaded into the motor, the software loops back to get more user input in the Input function.  If invalid input is entered at any time, the program will display an error message and will keep asking the user for more data until correct data has been entered. 

Software and Hardware Interactions:

Our software interacts with many hardware components continuously.   Firstly, the user is able to communicate with the ultragizmo board using the keyboard and monitor when choosing the mode(automatic or manual) to operate the car in.  As well, in the manual mode, the user specifies the direction traveled.  This is done in the Input function which reads in one byte at a time from location RBB that has been memory-mapped from the processor to the duart. Communication with the ultragizmo board is done using the duart as the medium of serial information transfer.  As well, the light sensors are continuously reading values into the Auto function. The readings are directly outputted to the monitor through the duart once again. The M68000, when in the auto mode, will use these sensor values in turn to use the motor to control the cars’ movement. The functions DriveL, DriveR are two such functions which directly use the motor through memory-mapped I/O.  Below is a System Block indicating the interaction between the M68000 code and the hardware components.  






Hardware Components:

The major hardware component is the car. The pictures below show the car without the light sensors.    
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Below is a schematic showing how the hardware is interfaced.  The ultragizmo board is able to communicate with the legoboard through the PIT.  The M68000 in turn is able to load the motors and read the sensor values. The legoboard is also hooked up to a power source, which allows the lights to be turned on.  The schematic below is missing the duart, keyboard and monitor, because these connections are standard for any program.  Note all cables are composed of extension wires to increase mobility.



Results:

Our project, the pathfinder, did what it was set out to do.  The computer controlled car was able to complete the course quickly and accurately. In the manual mode, the car had a tendency to steer off course on several occasions causing the program to terminate. The car’s steering system consists of a simple turning device which is capable of only turning a far right or a far left.  As a result, the limited steering of the car makes it difficult for the user to navigate it effectively through a track.  However, in the automatic case, the car followed the path almost perfectly.  Thus it seems that the computer is more intelligent at controlling the car than the user. 

Many of the difficulties we had were mechanical in nature.  At first, we had a lot of trouble designing an effective steering mechanism. Rather than turning slowly, the car would jerk from left to right and vice versa.  This would cause the wheels at the front to become jammed, preventing the car from moving forward.  We fixed this by using several larger gears to slow the pivoting speed down.  We also used two separate axles, one for the wheels and one for the pivot.  Furthermore, we added two red blocks that constrained the amount of rotation in the turning wheels. Many of the smaller problems were fixed quite quickly; such as using a smaller base board so the sensors could be closer to the track, adjusting the width between the sensors so that only one sensor would see the track at a turning point in the track, and pulling the back wheels away from the base board so that the car would run faster.

If We Did It Again


If we were to do this project again, the first thing we would do is to make the car more durable. There were many times when the car was running that the cables were being yanked out or the sensors were falling off.  There were even times when the car would split in half.  A way to increase the stability is to use a larger baseboard and consequently larger wheels (so that the board isn’t dragging across the floor). The car would also be sturdier if we used larger gears to decrease the speed of the car.  We would also like to add a quit option to the program.  Our car is difficult to control in the manual option.  There were times when the car could have been damaged crashing into the walls and the equipment in the laboratory.  The quit option would act as an error hazard preserving the safety of the car.  Another reason a quit option would be sensible is because the cables connecting the car to a power supply can sometimes become tangled and prevent the car from moving forward.  Without the quit option, the car is unable to stop running until the motors are turned off manually.  The last thing we’d like to change is to remove the ‘guide’ of sensor values that suggest to the user which way to turn the car to ensure that it stays on track. The guide is not helpful and almost distractive. It is very difficult to keep both one’s eyes on the track and on the screen. The biggest lesson we learned is that despite how well written our code maybe, the mechanics play just as an important role. There are also many factors that must be taken into account aside from the major aspects of the project.  These include safety and durability.
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