
















































































Rich Man, Poor Man, Merchant, Physician,

Teachey, Lawyer, S

There’s a

dent, Musician....

OM Floppy DlSk

System for Everyone!

More Uses

People from every walk of life are
adding iCOM® Floppy Disks to their
microcomputers for such diverse
tasks as payroll, inventory control,
mailing lists, game playing, record
keeping, parts ordering . . .

We've uncovered some innovative
applications, too: The sailboat architect
who puts equations and algorithms on
an iCOM disk to test his nautical
theories; the student who has auto-
mated a bowling alley; the iCOM
dealer who designed an environmental
control system for a university.

More Speed
These users have found iCOM
floppies to be much faster and more
versatile than cassette or paper tape.
With iCOM,
programs can
be loaded in
seconds; files |
updated in '
minutes ; ; £
hundreds of +
programs can |
be storedon | |
asingle disk. ¥ "

seRE ST

More Models

iCOM has Frugal Floppies™, Dual
Floppies, Microfloppies™ (using the
new 514" diskette), and other new
approaches to floppy disk systems.
Each is hardware and software
compatible with Altair™, IMSAI, Poly
88, Sol-20 and other microcomputers
using the Altair S-100 bus format.

More Software

Then there's iCOM’s famous
software: Powerful field-proven
FDOS-II with macro-assembler, string-
oriented text editor, and file manager.
Plus easy-to-use compatible 8K Disk
BASIC. Each with super features such
as: named variable length files, auto-
file create, open and close, multiple
merge and delete . . . and more.

More Backup

We've been building floppies for
microcomputers for more than 3 years.
Long before the rest. Thousands of
systems are operating perfectly in the
field. And we're part of Pertec
Computer Corporation, one of the
largest manufacturers of peripherals,
microsystems, data entry products
and data processing systems. We'll be
around whenever you need us.

More Dealers
Maybe not in quantity, but in quality.
We've chosen our dealer network
carefully to assure you of assistance
every step of the way. Our prices are
right. Our delivery is
fast. Our dealers are
experienced and

knowledgeable. Wg““
: g“ o

Must Reading poiﬂ"

Our free booklet,
““What a Floppy Disk
Can Do for You"' o
is must reading. >
Send for yours today R

\ ymi,“\ ;

or visit your dealer.

©1977, Pertec Computer Corporation

IGCN MICROPERIPHERALS

a division of Pertec Computer Corporation

6741 Variel Ave., Canoga Park, CA 91303 U.S.A.
Tel. (213) 348-1391

TWX 910-494-2788
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A Train Control Display

Using the LSI-11 Microcomputer

Figure 1: Model railroad
track layout used in au-
thors’ system. During a
typical demonstration,
both trains leave their
sidings under control of a
Digital Equipment Corpo-
ration LSI-11 microcom-
puter and are routed along
the tracks according to a
control program in the
computer. Feedback sen-
sors are used to verify
train locations at strategic
times.

In order to demonstrate the application
of a microcomputer to real world situations,
a model train system was developed which is
controlled by a Digital Equipment Corpora-
tion LSI-1T microcomputer. Two model
trains were used for the demonstration —
one adhered to a fixed schedule while the
other was directed along a path to make it
avoid the first train.

HO model railroad components were
used. (HO is currently the most popular size
for model trains and accessories among
enthusiasts in the United States; the scale
is 1/64th of actual size, but this can vary.)
The layout includes some 75 feet of track
and 18 switches plus detectors to determine
train locations and a programmable power

S4 =8

Jack Hart

Digital Components Group Engineering
Ed Badger

System Diagnostic Engineering

Digital Equipment Corporation
Marlborough MA 01752

supply to control train speed and direction.
Control interfaces are used between the
computer and the track for power. In addi-
tion, switches are used to control train
position and both station indicators and
billboards check train positions and provide
atmosphere. A 60 Hz clock is used for a time
base, and peripheral devices are used for data
entry, status reporting and transferring com-
mands to the train system.

As in many other such systems, the hard-
ware and software elements of this system
can be analyzed separately, but it is impor-
tant to keep the interrelations between the
two in mind. Thus, when a detector informs
the computer that a train is in a certain loca-
tion, the control program must update the
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TRACK LAYOUT INDICATING 18 SWITCHES, 4 STATIONS AND 2 SIDINGS



system’s files so that the new location can be
related to the location of the other train.

Take the A Train

The operation of this electric train system
is straightforward (see figures 1 and 2).
Upon startup, the trains are moved forward
until they trip the location sensors in their
respective sidings. These location sensors are
actually reed switches which will close in the
presence of a magnetic field. Each train is

provided with a magnet for this purpose (the
next section describes these switches in
greater detail). After both siding sensors
have been tripped, the trains (called A and B
for convenience) are individually brought
clear of the siding area.

The lead train A is switched to a station
and train B is diverted to the outer track.
The software used to control the trains and
keep them separated is then employed
throughout the remainder of the LSI-11

demonstration.
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Figure 2: Block diagram of the LSI-11 control system. The data bus is connected to two terminals used to input and display
information at the operator’s control station. It is also connected to a special interface which is based on two hardware latches
called parallel line units, or PLUs. These PLUs store command bytes coming from the microcomputer which in turn drive flip
flops and relay drivers used to power the track and operate track switches. Commands from the computer are in the form of
16 bit words. Each section of the track has been assigned a specific bit, and only those bits of the word necessary to change the
track sections desired will change. Information from reed switches is also latched by the PLUs and sent back to the computer
to be used in closing the feedback control loop.
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HI! 'M AN LSI-11 MICROCOMPUTER

I’'M RUNNING THIS RAILROAD TO DEMONSTRATE MY REAL TIME
MULTITASK FOREGROUND, BACKGROUND CAPABILITY. | MONITOR 27
INPUTS AND CONTROL 32 OUTPUTS AND STILL HAVE MOST OF MY

POWER UNUSED.
STATION STOP CODE ARRIVE TIME
BOSTON 1 DEPARTED *(1.)
NEW YORK 2 +32 SECONDS * (1., 2))
LOS ANGELES 3 SCHEDULED * (1.)
SAN FRANCISCO 4

:'ﬁ.TIMEiti: * (2')

t12:38:17 ¢

* *
KERRH NN KRN AN,

Figure 3: A typeset example of the type of display generated by the authors’
terminal. Such pertinent train information as arrival times and estimated
delays is available to the operator. “Arrival Time” messages vary between
“ARRIVED,” “DEPARTED,” ‘“+XX SECONDS,” “DELAYED,” “NEXT
STOP,”” and “SCHEDULED.”

oy x\'ﬂ"hk -

Operator instructions such as specifying
where the trains are to stop and requests
from the computer for instructions are
transmitted by an RTO02 remote data ter-
minal. The terminal has a 30 character key-
board input and can display as many as 32
alphanumeric characters. These character-
istics provide all the capabilities needed for
full interaction between the operator and
the system. A full video terminal, the VT52,
is used to display train information as well as
advertisements and time of day. The ter-
minal is serially connected to the central
processor and operates at 9,600 bps. Multi-
ple messages can be displayed on the screen
simultaneously (see figure 3).

Software for the train demonstration can
be called “multitask.” Tasks are assigned to
be either a foreground or a  background
priority status. There are 12 possible tasks
required to run the train system, eight
of which are in background. Foreground jobs
take priority over background jobs by means
of interrupts. Since most of the jobs are
executed on an ‘“‘as needed” basis, the
primary job of the background is to act
as a ‘“‘wheel spinner” which cycles in a wait
loop until called upon.

Photo 1: Authors Hart
(foreground) and Badger
performing a  different
kind of “‘engineering’’ with
their LSI-17  controlled
model  railroad. The
system was on display at
the IEEE Electro 76 con-
ference in Boston. The
display was also seen by
many of our readers at the
Personal Computing 76
conference in Atlantic City
NJ in August 1976.
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TO PLU2

REED SWITCH

Software execution in this system is con-
trolled by a real time clock program module
which creates a reference base to coordinate
all program operations. This particular clock
makes use of a standard 60 Hz power line
frequency which is passed through a low
pass noise filter and then transformed into
a train of square waves at TTL voltage level.
These square waves are next fed to the BUS
event line of the LSI-11 where they create
processor interrupts at each positive going
transition of the waveform. Every 16.7 ms,
then, control is transferred to the clock job,
which regulates the ‘“‘time of day” and
“train arrival” displays on the video terminal.

Keeping Track of Your Trains

Neither train can be successfully con-
trolled unless its location is known with a
great deal of certainty at any given time.
This is done by processing information from
the various reed switches and extrapolating
times of arrival at key points (eg: when
train A is scheduled to arrive at a station).

As mentioned earlier, each train has a
magnet mounted on it to activate the reed
switch sensors (see figure 4). Each sensor is
polled periodically to determine if a train is
present. From this information it is possible
to compare train position against the schedule
and the time base to quickly tell if a train is
on time or late; this information can be dis-
played on the video screen. The reed
switches are connected to the input side of
parallel line unit number one (PLU 1,
which serves as a data storage buffer to and
from the computer) via a TTL translator
which converts the switches’ status to the
appropriate TTL voltage levels needed by
the PLU. PLU 1’s output is used to energize
the billboard signs and sections of track
under control of the LSI-11.

,,FD

Powering Up

When two trains are to be controlled
simultaneously, as in this case, the simplest
technique is to apply power to isolated
sections of track at the right times. The com-
puter can differentiate between trains A and
B by checking position and schedule and

Figure 4: Reed switch cir-
cuitry used to send feed-
back information to the
microcomputer. When a
train passes by, the mag-
netic  field causes the
switch to close, pulling
the signal line down to
ground potential, this sends
a signal back to the inter-
face (and finally to the
computer) that a train is
passing.

At any line voltage from:

90 to 140 volts.

Installs easily inside any Altair* 8800 or
8800a.

master charge

$5.40 sales tax.

PO BOX 6314
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MORE POWER TO
YOUR ALTAIR*

12 AMPS @ 8v. (nominal)
2AMPS @ x16v.

Over voltage and over current protected.

Conservatively designed and specified.

only $90.00

postpaidin the U.S.A.
California residents add

Ypiisi

BANKAMERICARD

PARASITIC ENGINEERING
ALBANY CA 94706

*Altair is a trademark of MITS Inc.

Circle 53 on inquiry card.



FROM PLUI

FROM PLUI

+5V

RELAY 2

Figure 5: Computer con-
trolled track power cir-
cuitry. Inverted logic levels
coming from PLU 1 drive
two types of relays. The
first type (represented by
relay 1 in this illustration)
chooses the polarity of the
voltage going to the track,
while the second type (re-
lay 2 here) applies power
to the track. Only certain
strategic areas of the track
require polarity switching.

INSULATING
TIES

+3V

e

then creating the proper track energization
sequence to control the trains. There is one
problem in using PLU 1's output to energize
the tracks: its TTL output power is too low
to drive the HO trains being used. This
problem can be solved by the use of relays
(see figure 5).

Relaying Information

Two types of relays are employed. For
those sections of track which are simply to
be turned on or off, a single pole relay is
sufficient.  When power is required, the
appropriate output word is transferred to

TURNOUT
SWITCH

l N

/

TO RAILS

rL_D

PLU 1, which causes the desired relay to be
energized. This in turn applies power to the
track. When power is no longer required,
PLU 1 is updated with a new word and the
relay is de-energized. Some tracks, however,
have reversing capabilities which require not
only power but also one of two polarities for
track voltage. Figure 5 shows how two relays
are used to do this: relay 1 chooses the
polarity of the track based on a command
from PLU 1, while relay 2 applies power to
the track, again on a command from PLU 1.
Each time a command is given, a single 16 bit
word is written into the output data buffer

LEFT:
LEG

+3V

— —

INSULATED
__—AREAS

RIGHT
LEG

SOLENOID/

+5V

> TO PLU2

Figure 6: A typical fork (or “turnout”) in the track. In this illustration, the turnout is positioned to divert the train to the left
leg. These solenoid controlled mechanisms act as their own sensors. One leg of the switch is either grounded or ungrounded
depending on its position. This is used to provide a logical 0 or 1 output to the computer for confirmation of the switch’s posi-
tion. The solenoid is illustrated in figure 7.
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