MAE - W sY VERVIEW

This beolt ie a2 collection of articles concerning various aspects of the
computerization of Princeton’s modular N-scale (1:160) model railroad
layout. The model railroad is the eclass projeet for MAE 412, an

undergraduate course on microcomputer control.

At the core of our computerized network is the Hornby ZERC OFE system (see
arrached advertisement), a commercial system developed for the contrel of
model trains. Microcomputers are wused in all parts of this system
including the master controller and the on-beard receivers thar control
speed and direction of each locomotive. The railroad tracks are used in &
clever way to convey both power end centrol Information to the devices on
the layout. The technical concepts used in the Hornby system are described

in Chapters 2 and 3. The modular aspect of the MAE-N/TRAK system has been

modelled after the N/TRAE system described in Chapter 4.

Through the efforts of MAE 412 students and independent study students, we
have embellished Hormby's concept of control. Our network is made up of
medularized preojects, each of which is contrelled by a student-builc
computer. The primary function of the projeet computer ies te implement 2

scenario of operations. Several representative prajects are described in

Chspters 11-13.

e



One of the important features of the MAE-N/TRAK system is that the master
controller can be uséd to send "command codes"™ to any of the project
computers. As with the locomotive computers, the project computers receive
information from the tracks. To establish this communications 1link, a
subroutine is provided which runs as a background task (under interrupt
control) on each project computer. (The interrupt control routine is
described in Chapter 5.) Each project computer, in addition, is provided
with the software necessary to automatically control block-entry signals,
to read locomotive bar-codes, and to prevent collisions between trains,

{The block signal and sensor system is described thoroughly in Chapter 6.)

Chapters 7, 8, and 9 describe a system for the automation of the Hormby
controller. Chapter 10 describes PAL implementation as used by the student

computers for address decoding.

The Reference section at the end of this book contains additional

information pertaining to project construction and implementation.



CUMPUTERISED MUDEL RAILALRAD

at

Princeton University

Michael Littman

Our computerised N-scale model
railroad is the class project for Course
MAE 412 (Mechanical and Aerospace

Engineering), an  undergraduate

laboratory course on microcomputer
control. The course is offered to
advanced engineering students at
Princeton who have only a minimal
background in electronics and
computers.

At the core of our computerised
model railroad is the Hornby Zero
One system, a commercial device
developed for the control of model
trains. Microcomputers are used in all

parts of this system, inciuding the
master controller and the local
receivers that control speed and
direction of individual iocomotives.
The Hornby system uses the railroad
tracks in a clever way to convey both power and contro!
information to each of the devices on the layout. The Hornby
control system is described in the following article.

Through the efforts of MAE 412 students and independent
study students, we have modified and added to Hornby's
system of control. Our railroad consists of modular projects
which are controlled locally by student-built computers. The
student computers include 6502 microprocessor, 4K x 8
EPROM, 2k x 8 RAM and 6522 Versatile Interface Adapter.
The primary function of the local computer is to control a
scenario ot operations on a given module. In addition, each of

Trolley (tramway)}/railroad crossing.

Rotary coal dumper project.

the local computers has the capability of receiving several
different ‘command codes’ from the Hornby master controlier.
The ‘command codes’ are actually codes meant for Hornby
accessories —we have simply redefined their function. Each
module is functionally a railroad block and, as an added
feature of computer control, we have allowed for automatic
signaliing, bar-code identification of locomotives and collison-
avoidance metering of trains by each module.

As an example, one of the simpler projects automates a
trolley (tramway)/train intersection. Here the trolley crosses
the railroad main track at two locations. The function of the
local computer is to run the trotiey
around the loop and avoid collisions
with any trains that are passing
through. The local computer halts
the trolley for a brief period of time
just before 1t reaches each
intersection. If a train is present on
the main track within the limits of the
project board (/. e. railroad block), the
computer activates the crossing
lights and causes the trolley to wait
for the intersection to clear. (Trains
are delimited with ‘bar-code’ labels at
the front of each train and ‘clear’
labels at the rear of each train.) In
addition, the local computer accepts
a number of ‘command codes’ from
the Hornby master controller. One
command code is reserved 10 enabie
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One of the student-
built computers and
interface.

the stopping of the troliey at an extra location (r.e. a troliey
stop} on each revolution of the loop. Other command codes
set the speed of the trolley around the loop. Besides these
features, the local computer drives our standardised system
for block signalling, bar-code and clear sensing and collision
avoidance. A more detailed article will appear in a future
issue.

A more elaborate project is an automated car-sorting yard
and rotary coal dumper. Here a particular train, as determined
by the bar-code, is diverted onto a siding and stepped through
a sorting/unloading sequence. Other student projects to date

Bar-code reader beside the track.

include: containerised freight unioading/loading yards, hump
yards, interlockings, reversing loops, turntables, transter
tables, lift bridges, coal loaders and unloaders.

Another related project is an RS232C interface, /.e. the EIA
standard serial link with computers, to the Hornby master
controlier. This device was developed by an independent
study student and it allows for a personal computer to send
speed, direction, or accessory codes via the Hornby controlter.
A far more elaborate multi-tasking network controlier, which
serves 1o co-ordinate numerous projects simultaneously, has
also been developed. This project supports a variety of
features including train position-finding and graphic display of
the layout status. A description of this project, however, is
beyond the scope of this short summary.

While the purpose of our model railroad is primarily
academic, /e 1o provide an exercise ground on which
students can learn to apply the techniques of microcomputer
control which they will later use in real-life industry and
commerce, it has also been the means by which several
students have gotten the model railroading bug!
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