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A. INTRODUCTION

We have two milestones in the development of your project.
1. The first one requires you to find the shortest route from the train’s

current position to any given destination, and to track the train in
real-time. In essence, this means that as a single train moves to its
destination you update a display showing its position in real-time.

2. The second one requires you to track two trains moving
simultaneously as they move around the track.

For each of these milestones you will give us a short demo, and hand in
documentation describing the algorithms and data structures used to
maintain knowledge of the position of the train(s), and why they are
necessary to maintain the degree of precision you have achieved.

Comment. This documentation will be part of your final project
documentation, so doing it well will save you time in the long run.

B. DESCRIPTION

b.1. GENERAL DESCRIPTION

The track contains a collection of ‘landmarks’: turn-outs* and sensors, and
you know the distances between them and the topology of the track with
respect to them.† We expect the demo program to create will allow the
operator to do the following by typing at the terminal keyboard.

1. Provide a destination for the train. When the destination is entered
the train should calculate the shortest route to it, and proceed to the
destination.

We also expect the demo program to maintain on the terminal a display
showing:

1. the current position of the train,
2. the current state of each turn out, and

* I use ‘turn out’ for what you normally call a switch because it is easy to
confuse the noun, switch, and the verb, switch.

† Please note that the two tracks have different topologies and distances.
The differences are small, but significant. You are allowed to choose
which track is used in your demo, but you should be prepared to run
on either track in case of track malfunction during the demos.
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3. a list of sensors recently triggered and the time at which each was
triggered.

Train position should be reported in centimetres beyond the last sensor
tripped by the train.

Your program is expected to be robust against a ‘reasonable’ level of
errors in sensor reports and unexpected changes in the state of the turn
outs. While the train is running we will occasionally trigger a sensor or
manually switch a turn out to test the robustness of your tracking.

b.2. TECHNICAL DETAILS

Here are a few technical details, some hints and some fine points about
what you are and are not allowed to do.

1. You may start the train anywhere you choose on the track, but the
train should determine its initial position and the direction it
considers to be ‘forward’ by moving until it trips sensors.

2. You may use calibration files you have created on other occasions or
you may build a calibration file from scratch.

3. You may use the distances given in the course account, or you may
measure your own.

4. There are two ways to calculate the shortest route to a destination.
i. You may require the train to continue in the same direction all the

way to its destination.
ii. You may allow the train to change direction if changing direction

provides a shorter route.
We prefer the second because it provides a greater selection of
possible routes, which means that you can put more trains on the
track without your project freezing in deadlock.
There is a second benefit. Changing direction provides you with a
good tracking challenge. Changing direction almost always occurs
when you pass through a turn out from one direction, throw the turn
out, then pass through it again the other direction. Doing so reliably
without going too far past the turn out means that your tracking is
good.

5. The trains actually have twice as many speeds as you think. They
travel a little faster when they decelerate into a new speed than when
they accelerate into it.

6. The trains have programmed acceleration and deceleration profiles.
You should calibrate them because you must know the position at
which a train stops.* Using the command sequence, ‘speed 0’ followed
by ‘reverse’, which stops the train instantly, is not allowed. Among
other things, it is bad for the engine.
* This is more essential than you might think. In your completed project

trains will stop to allow other trains to pass. You must know when to
give the stop command to have the train stop in a safe location.
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7. There are a couple of curves on the track where trains stall if they are
travelling at too low a speed. We ask that you run your trains fast
enough to prevent stalling.

8. The brightness of the headlight tells you how much electrical
resistance there is between the track and the train. When cleaning the
track, and engine contacts, to decrease the resistance remember that
there are two places where electrical contacts are made between the
engine and the track.

9. When sensors fail they usually fail for good. Your program should
detect this type of sensor failure and compensate for it.

10. There is no way to determine whether the pickup is at the back of the
locomotive or at its front. The usual strategy is simply to assume that
the locomotive is twice as long as it actually is, with the pickup in the
middle. If you want to do better, a simple method is to start the train
in a known orientation, and to keep track of the orientation as the
train travels.*

This list may grow as students ask me questions.

C. HAND IN

Hand in the following, nicely formatted and printed.
1. A description of how to operate your program, including the full

pathname of your executable file which we may download for testing.
2. A description of the algorithms and data structures used to find the

shortest route, to calibrate the train and the track, to maintain
knowledge of the train position, and to recover from errors.
Remember to tell us how they work and why you chose them. We
will judge your program primarily on the basis of this description.

3. The location of all source code you created for the assignment and a
set of MD5 hashes of each file. The code must remain unmodified
after submission until the assignments are returned.

4. A list of all files submitted.
* The interesting challenge is determining the orientation when your

project refinds the train after losing it.


