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Editor’s Page

" Congratulations!!

Matthew Mercaldo, author of Mulli-
tasking in Forth in issue #44, and the step-
per motor series starting in this issue, was
the second runner for the software entry in
the Harris RTX contest. His entry was an
application note on the use of expert sys-
tems for stepper motor control.

We are fortunate in having people of
this caliber writing for TCJ, and are look-
ing forward to his next article in the step-
per motor series. Matthew, like so many
other of our authors, is very busy, but per-
haps he’ll also find time to tell us about
how the RTX can be applied to Al in the
real world.

Harris was swamped with entries, and
the competition was very stiff, so Matthew
deserves to be proud of his accomplish-
ment.

ZSDOS Programmer’s Manual

We covered ZSDOS, which is a CP/M
BDOS replacement written in the spirit of
the ZCPR command processor, in issues
#37 and #38. It is a good way to wring
more performance from the 8-bit systems,
and corrects many of CP/M’s shortcom-
ings. Some of its features are file dates-
tamping (built-in or modular), Public and
Path file access, automatic login of
changed diskettes, and fast relog of fixed
disks.

Now, Carson Wilson, coauthor of
ZSDOS, author of ZDE, and Sysop of
Antelope Freeway (modem: Antelope
Freeway  RAS, 312/764-5126, Chicago)
has published the manual on program-
ming for ZSDOS. It is available for $10
from Carson, Plu*Perfect Systems, or
Sage Microsystems East. It is hard to find
books on eight-bit systems and many of
them are never reprinted, so I suggest that

you order yours now so that you won’t be
disappointed.

RAM, ROM, and R?M

We are all familiar with ROM which is
read only, RAM which we can read and
write, and EPROM (pius EEPROM)
which we can program and then read. But
there is another variation, which can cause
some strange debugging problems where it
is difficult to determine if the problem is
software or hardware.

I was talking to someone who had run
across a strange effect with static memory
devices. While working with embedded
Z80 controllers connected to peripheral
chips (I forgot whether it was the 8253
Programmable Intervat Timer or the 8255
Programmable Peripheral 1/0) the device
would not always come up correctly.

They finally discovered that, after hold-
ing a value for some time, the Z80 and
peripheral chip registers would often re-
tain their previous value after being pow-
ered down and restarted. This can be a
nebulous trap if you fail to initialize all reg-
isters on reset. If the registers always came
up with random garbage it would be easy
to find the problem. But when it some-
times comes up OK, it makes the solution
more difficult.

I don’t know how long the effect lasts,
what percentage of the chips react this
way, -or if some chips will reliably exhibit
this characteristic. But, if you lose power in
the midst of an operation, you may be abie
to recover some of the data by powering
up with out re-initializing and saving the
registers. I plan on setting up a small SBC
to evaluate this effect. Has anyone else no-
ticed this? Does it aiso hold true for any
dynamic RAM devices? I would appreci-
ate hearing from you.

WordStar Strikes Again

One of my long delayed projects is a
file printing utility which will output what I
want the way I want it. The WordStar 4.0
print command bit me again, so I rotated
the print utility back to the top of the
stack. My project stack (actually it’s a pile)
is definitely not FIFO (First In First Out)
or FILO First In Last Out). Sometime I
think it’s FINO (First In Never Out), and
when it avalanches to the floor it gets rear-
ranged in random order. There are some
interesting results when a spill results in
the contents of two project folders being
intermingled — perhaps that is serendipity
(an aptitude for making desirable discov-
eries by accident) at work.

While most printer drivers are concen-
trating on WYSIWYG (What You See Is
What You Get) for typographic and
graphic page preparation, I want YGWRT
(You Get What’s Really There). I'll use
PageMaker for graphic page preparation,
but I want a sterile print driver for pro-
gramming and text files.

The WordStar driver considers any line
which begins with a period as a comment
or command, and does not print the line.
Our authors frequently refer to file exten-
sions, such as COM or PRN, which should
properly have a preceding period. Word-
Star sets the text OK if the file extension is
within the line but will lose it if reformat-
ting puts the file extension at a beginning
of a line. It would be better if WordStar
only considered lines starting after a hard
return, but it also ignores lines which it re-
formats with soft returns. There is the
same problem with decimal numbers. My
current fix is to make sure that nothing
starts with a period by dropping the period

(Continued on page 33)
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Controlling Stepper Motors with the F68HC11

by Matthew Mercaldo

When I was a little boy, machinery fascinated me. I was obsessed
with the science of movement —as far as a little boy can be

- obsessed. I would develop the stuff of star drive and robot with my
~ tinker toy set and my imagination. On Christmas morning, through

hastily flung wrappings, these machines would come to life from
the building blocks that Santa ieft. After completing any one of my
machinations I'd tinker, ponder, then contemplate the what if:
“What if I could make it move on its own?”.

This and the following series of articles will teach the theory of
stepper motor control and demonstrate principles through appli-
cation. The motors will be spun with a NewMicros F68HC11
based processor and motor driver board. These articles will not
concern themselves with the physics of magnet and coil, but will
instead focus on the control of steppers. This control includes the
acceleration, deceleration, starting, stopping, and position tracking
issues along with error detection and correction which are associ-
ated with stepper motor control. This first article will delve into
stepper motor control theory. The second article will apply the
theory to one stepper motor. The third article will build on the first
two and explain how to control two motors simultaneously, as well
as examine all the issues associated with this motor asynchronisity.
Now for some theory.

If the acceleration, sustaining of constant velocity and decelera-
tion of a motor were viewed on a graph with coordinates of time
vs. velocity, a trapezoid is seen. Positive acceleration is the upward
sloping line, constant velocity is the plateau, and deceleration is the
downward sloping line. Figure 1 illustrates this trapezoid.

There are three guiding variables in the stepper motor control
model described herein: the accumulator, the rate

termines the motor’s minimum velocity. The acceleration constant
is a positive value which determines the motor’s acceleration. The
constant for deceleration is a negative value which determines the
motor’s deceleration. The regular interrupt period determines the
maximum motor velocity. This model is assumed to be driven by a
regular interrupt.

When a motor start is initiated, the accumulator is set to the
constant step count and the rate counter is set to the acceleration
constant’s value. Figure 2 shows an initial setup for the counters.

Upon interrupt, the rate counter is subtracted from the accu-
mulator. This happens until the accumulator reaches zero. When
the accumulator reaches zero, three things occur: first, the accu-
mulator is reset with the constant step count; second, an accelera-
tion constant is added to the rate counter via the acceleration
counter; third, a new step command is sent to the hardware. This
cycle continues until the rate counter either accumulates a value
equal to the step count or the rate counter decreases in value to
Zero.

On an acceleration cycle the rate counter is initialized to the
acceleration constant’s value. As cycles progress the rate counter’s
value increases. This accumulation of the rate counter progresses
until the rate counter’s value is equal to or greater than step
count; the motor is at its maximum speed. Figure 3 illustrates this
acceleration.

The speed attained by acceleration can be sustained by the
state which writes a new step to the stepper motor on each peri-
odic interrupt over a specified period of time. Figure 4 illustrates
the constant velocity plateau.

counter, and the acceleration counter. The accumula-
tor is a counter which is decremented by the rate
counter on every periodic interrupt. When the accu-
mulator’s value reaches zero, a new phase is sent to
the stepper motor windings. The rate counter deter-
mines the velocity of the stepper motor if kept con-
stant. On acceleration and deceleration, the rate
counter is updated by the acceleration counter. The
acceleration counter determines the acceleration or
deceleration of the stepper motor. Upon acceleration,
this counter is set with the acceleration constant, a

positive number. Upon deceleration, this counter is set Ve
with the deceleration constant, a negative number.

There are four critical constants in this stepper mo-
tor model: step count, acceleration count, deceleration
count, and regular interrupt period. Step count is a Initialize to
constant used to refresh the accumulator. This con- Acceleration

stant, in conjunction with the rate count counter, de-

state change
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Figure 1: Motor Run Instance Trapezoid.
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