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I. Introduction

The second milestone of the project extends the first in at least two of following three
ways.

1. You improve the precision of stopping.
2. You implement long and short moves.
3. You implement a model of acceleration and deceleration and know where the

train is at all times.
What’s important is that you are making a model of the train, and using the model
to predict where the train will be in the future. You should already be using output
from part of your model, the table giving train velocity as a function of speed setting,
to predict when the train will trigger the next sensor. You can work ahead a little by
generalizing these predictions to detect errors that occur as a result of malfunctioning
hardware, and to recover from them. We expect your project to handle single errors
on switches and sensors. For example, if a switch is in a different state on the track
than in your model the train will turn up in an unexpected place; or if a sensor fails to
trigger or triggers without the train present you should be able to detect the fault and
correct your model accordingly.

In past terms students have often treated a model as a result. You measure and
built until your model is complete, then sit back and use the model. The model,
however just deteriorates, as the train changes it matches the train less and less well,
and one day, when the train goes to the great trainyard in the sky, the model has no
future use. It works better to treat the model as a process, an unavoidable overhead
associated with using a train. Dynamic calibration is in this spirit; part of the train
running is periodic update of its velocity calibration. In this spirit we try to minimize
the amount of work required to start using a train, with as much measurement as
possible preformed while the train is operated in demo mode. Detected failures, like
throwing a switch too late, over- or under-running a stopping point, or sensor error
can also contribute on-line calibration input.

II. Description

When building for the first milestone you unavoidably started building a software
model of the train set and trains. In this milestone you extend that model. You should
notice that the train set itself, and a fortiori the model has three types of components:
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• static components, like the track graph,
• components that change discretely, like switches and train speeds, and
• components that change continuously, like the positions and velocities of trains.

A model is created for a purpose, in your case to coordinate the elements of your
project. It receives updates on the state of the train system, mostly from the train
controller, and presents a consistent – or at least as consistent as possible – version
of the state of the system. (If updates from the train controller were instaneous and
free, the model would be the train set itself, but they aren’t and the model effectively
minimizes the cost per use.) We now use the model concept to describe what you need
to do for the second milestone.

II.1. Stopping
In order to stop at an arbitrary location you created a train-specific model of stopping
distance and a speed-velocity table. You may have decided that the model you created
for the first milestone is not sufficiently precise, and improved it. If so, show us the
improvement.

II.2. Long and short moves
You showed us your ability to control a train doing a long move in the first milestone.
The obvious complement to long moves are short ones, moves in which the train is
accelerating most of the time. In a short move we know the total distance the train
will travel, and the amount of time it will spend traveling, but not the exact location of
the train during the move.

II.3. Acceleration and deceleration
Instead of, or in addition to, short moves you may have developed a general model of
acceleration and deceleration. The improvement over what you do for short moves is
that you know where the train is when accelerating or decelerating. Consider how to
show us that you actually know the train position. (Hint. With your model you should
be able to predict times to hit sensors when the train is starting or stopping.)

II.4. Anything Else
If you have been working ahead to create routing that is robust against errors show us;
we love to fool around with sensors and switches.

III. What We Expect

• We expect to see the train running at more than one speed.
• We will expect to see your train move specific distances on different parts of the

track.
• We expect the train to find itself at the beginning of the demo, and if it gets lost

during the demo.
• We expect the train to retain its position when it is stopped so that it doesn’t have

to re-find itself whenever it starts travelling.
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• We expect you to tell us what we will be seeing next while your partner is setting
up the next part of the demo.

IV. 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 what you added to your project to accomplish the goals of this

milestone. we expect this documentation to be cumulative, like your kernel doc-
umentation. We will judge your project primarily on the basis of this description.
Describe which algorithms and data structures you used and why you chose them.

3. The location of the source code repository you created for the assignment and a
set of MD5 hashes of each file, or an SHA1 hash of the repository if you prefer.
The code must remain unmodified after submission until the documentation is
returned.

4. A listing of all files submitted.
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