Controlling a Graphics Plotter with a
Handheld Programmable Calculator

by Robert M. Miller and Randy A. Coverstone

HE ADVENT OF THE HP-IL (Hewlett-Packard Inter-

face Loop)® transformed the HP-41C from a pro-

grammable calculator into a true computer system
with mass memory, a variety of printers, and a video dis-
play. However, one capability still lacking was some form
of graphics output. The HP 7470A Graphics Plotter with an
HP-IL interface and the HP 821844 Plotter Module [Fig. 1)
was developed to satisfy that need.

As a computer, the HP-41C possesses a powerful and
flexible instruction set, but is limited in speed and memory,
While it is possible to connect and control a plotter using
only the control functions built into the interface module,
the resulting graphics programs would consume most
of the available RAM and execution would be painfully
slow., The 82184A Plotter Module was designed to free
the user from these limitations. By providing a high-level
set of graphic commands in external ROM, the HP-41(7s
system RAM is entirely available for the user's application
programs. Further, all of the graphics primitives are
written in machine language to minimize execution time.

The HP-41C with the 82184 A Plotter Module, the 82160A
HP-IL module, and the 7470A Graphics Plotter make up a
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low-cost, vet powerful graphics solution. The Plotter Mod-
ule allows HP-41C users to produce bar and line charts as
well as function and point plots on paper and transparen-
cies. It also provides the capability to produce bar code of
HP-41C programs and data on either the 7470A or the HP
82162A Thermal Printer. The bar code can then be read
back into the HP-41C via the HP 83153A Optical Wand.?

Command Set

The &2184A Plotter Module is an 8K-word unit [word
length is 10 bits) which adds 52 microcoded commands to
the HP-41C's function set, along with a sophisticated inter-
active plotting program written in RPN (reverse Polish
notation). Many of the command names and functions are
based on the graphic command sets of the HP 9845 Com-
puter and the HP-85 Personal Computer. This allows users
familiar with these products to master the plotter mod-
ule's commands quickly.

The module’s functions are divided into three categories:

Plotting primitives. These commands set up the plotter,

scale the plotting area to any convenient user units, pro-

vide windowing, move the pen from one location to

another, change pens, raise and lower the pen, draw and

Fig. 1. The HF 821844 Plotter
Module and HF 821604 HP-IL
Module are easily inserted inlo two
of the four 1O ponts at the top of
the HP-41C Programmable Cal-
culator, providing low-cos! graphic
output 1o an HP 7470A Graphics
Platter



label axes, and digitize points.

= Bar-code primitives. This category contains commands
that create the bar-code bit patterns for user programs and
data (numeric, sequential, alpha, and alpha append), as
well as commands to plot bar code.

» Interactive plotting program. This program prompts the
user for the necessary data and then creates a complete
plot. It has a wide range of options and is easily extended
by user-contributed subroutines. The program provides
data to three subroutines that initialize the plotting area,
plot the function or data, and annotate the plot. These
three subroutines are also available for use in other user
programs.

Plotting on the 7470A

Like other HP plotters, the 7470A°s platen is divided into
addressable units, called absolute plotter units (APUs). On
the 7470A there are 40 APUs to a millimeter. To move the
pen to a new location on the platen, a plot command is sent
to the plotter followed by X and ¥ coordinates in APUs.
However, for the vast majority of plotting uses, these default
units are inappropriate. Therefore it is useful to be able to
superimpose another scale on top of the APUs.

Executing the plotter module’s PINIT command maps a
default scale, called the graphic units (GU) scale, onto the
area specified by the plotter's lower left and upper right
reference points (P1 and P2, respectively). On the 7470A the
GU scale provides 0 to 100 units in the Y direction and 0 to
138.9 units in the X direction, using the default settings of
P1 and P2,

In addition to scaling the entire platen, it is convenient to
be able to specify a portion of the platen as the active
plotting area and then superimpose a new scale on this area.
Then, after a function has been plotted [Fig. 2), annotation
can be done outside of this area so as not to obscure the data.
The plotter module's LOCATE statement allows the user to
specify any desired subset of the plotter limits, and the
SCALE command maps any desired user units (UU) to the
plotting area.
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Fig. 2. Example of a funclion plotted by an HP-41C, 821844
Fiotter Moduwle, B2160A HP-IL Module, and a T4T0A Graphics
Fiatter,

System Scratch

Fig. 3. Memory map of HP-41C system RAM.

/O Buffer

To perform these functions, the plotter module must keep
all scale factors, as well as P1, P2, and the endpoints of the
area specified by LOCATE in memory. Additional space is
needed for status information and temporary storage of
bar-code geometry parameters. The module stores all of this
information in an IO buffer.

IO buffers are created in the HP-41C's memory above any
key assignments [see Fig. 3). For the plotter module, a
26-register I'0 buffer is needed. The IO buffer has a
header register which tells the operating system and any
module scanning memory that an VO buffer has been found,
to which module the buffer belongs, and how many regis-
ters there are in the buffer. The drawback to using the IO
buffer structure is that its location in the HP-41C's memory
is not fixed. It may be shifted up or down depending on the
number of key assignments and the presence or absence of
other IO buffers. Thus, each command must do a memory
search to find the 'O buffer before the data it holds can be
used. The advantages of the VO buffer are that data is pro-
tected from inadvertent modification, and that its use is
totally transparent to the user.

Creating Bar Code

The HP-41C uses a two-level bar code,* meaning it is
composed of two different bar widths. Narrow bars repre-
sent 0 and wide bars represent 1. Spaces between bars serve
only as delimiters and carry no information,

Two powerful user-language programs are provided in
the plotter module’s manual to facilitate producing bar
code. The first is a collection of subroutines that labels
and plots one row of program or data bar code. The second,
FLOTBC, is interactive and provides a guick and easy
method for the novice user to produce bar code of programs
and data. An example of the output of this program appears
in Fig. 4.

Developing a set of plotting parameters that would pro-
duce bar code of optimal geometry proved to be challeng-
ing. Variations between pens and within the lifetime of a
pen result in slightly different ink flow rates and line
widths. This difference is not significant for most plotting
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uses, but itis enough to slightly alter the geometry of the bar
code produced. Thus, parameters set to produce suitable
bar code with a new pen may later produce unreadable bar
code as the pen begins to wear. Plotting discrete bars would
have required the pen to be dropped as many as 1584 times
for a single page of bar code. Pen wear caused by repeated
nib impact against the paper is minimized by connecting all
of the bars ina row at the top (Fig. 4), so that the pen is only
lowered once at the start of a row of bar code. This also
speeds bar-code production by eliminating the time delays
associated with raising and lowering the pen.

Default parameters were chosen to produce the most con-
sistently readable bar code for the widest range of pen nib
conditions and ink flow. A 0.3-mm pen is assumed for these
parameters and good results were obtained with both fiber
tip and transparency pens. Recognizing that users may
choose to use different pens and that the pen nib width
changes with use, a command is provided to alter the bar
code parameters. BCSIZE allows users to specify (in APUs)
any or all of the bar-code parameters.

Creating bar code with the plotter module is a two-step
process. Data is entered into either the X register or the
ALPHA register of the HP-41C and then the appropriate
bar-code function is executed. This creates the bit pattern of
the desired bar code and places it in the ALPHA register. A
second command, BC, must then be executed to plot the bar
code on the 7470A,

Interactive Plotting Program

NEWPLOT is an interactive plotting program that can plot
functions or any arbitrary set of points with minimum over-
head. The program prompts the user for 1) the name of a
user program that, given an X coordinate, will compute the
Y coordinate, 2) scaling information, and 3) either the
number of points to be plotted or the increment between
points to be plotted. At that point the user can examine and
edit any or all of the data base. The user can specify the
placement of the X and Y axes, the number of major and
minor tics per axis, and the number of labels per axis, Data
buffers can be created, edited, and plotted. Other built-in
features allow the user toalter the line type and pen used for
plotting, and to do scatter plots, It is also possible to change
one or more parameters of the plot and then to redo the
complete plot with one kevstroke,
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Flg. 4. Bar-code functions and
powerful user language programs
given in the 821844 Flotter Mod-
we's user manual make it easy (o
oblain plots of bar-code programs
as shown.
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