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Manual Summary

Chapter 1: General Information

Provides information about setting up the plotter, checking normal operation, controls
and indicators, periodic maintenance, and simple interface procedures.

Chapter 2: Handshake Protocol

Explains the function of handshake protocol and the four types of handshakes. together
with the terms used in defining handshakes.

Chapter 3: Device Control Instructions

Describes the device control instructions used to establish the handshake protocol.

Chapter 4: General Programming Instructions

Introduces the 7220 HP-GL instruction set, the instruction syntax, and the Default and
Initialize instructions.

Chapter 5: Scaling

Describes the plotting area, plotter and user units, and the instructions that enable you
to scale the plotting area into user units.

Chapter 6: Plotting

Describes the instructions used in vector plotting. Included are pen control instructions,
plot absolute or relative instructions, arc and circle instructions, and velocity control
instructions.

Chapter 7: Plot Enhancement

Describes the instructions used to enhance plots. Included are instructions to draw
X- and Y-axis tick marks, vary tick lengths, draw symbols in graph plots, and select
line types.

Chapter 8: Lettering

Describes the character sets and how to select them. Included are instructions to vary
the size, direction, and slant of characters and to create characters of your own design.
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Manual Summary (Continued)

Chapter 9: Additional Plotter Control

Describes additional plotter control instructions which provide for outputting informa-
tion, defining the error mask, and the plotting area or “window.”

Chapter 10: Digitizing

Describes the instructions that enable you to use the plotter as a digitizer.

Chapter 11: Automatic Paper Advance

Describes the instructions for the 7220T which enable you to advance and cut the
paper.

Chapter 12: Putting The Commands To Work

Develops a complete plot using both escape code sequences and HP-GL instructions.

Chapter 13: Operating Configurations

Describes control line protocol, error transmissions, baud rates, and installation/
operating instructions for using the plotter with host computers and terminals.

Appendix

Provides reference material on error messages, default conditions, instruction syntax,
and ASCII character codes.
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Chapter 1

General Information

Introduction

This manual contains interfacing and programming information for the Hewlett-
Packard 7220C and 7220T Graphics Plotters. The manual is organized into thirteen
chapters and an appendix as follows:

Chapter 1 — General Information

Chapter 2 — Handshake Protocol

Chapter 3 — Device Control Instructions
Chapter 4 — General Programming Instructions
Chapter 5 — Scaling

Chapter 6 — Plotting

Chapter 7 — Plot Enhancement

Chapter 8 — Lettering

Chapter 9 — Additional Plotter Control
Chapter 10 — Digitizing

Chapter 11 — Paper Advance Features — 7220T
Chapter 12 — Putting The Commands To Work
Chapter 13 — Operating Configurations
Appendix

NOTE

Throughout this manual, the term computer is used
to denote a computer, controller or calculator with
RS-232-C or CCITT V.24 1/O interface. All references
to RS-232-C apply equally to the European standard
CCITT V.24. Unless specified as applying to one
model only, the term 7220 plotter is used to denote
both the Model 7220C and 7220T Graphics Plotters.
Chapter 11 explains the instructions unique to the
7220T.
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Before using this manual you should be thoroughly familiar with the computer you
intend to interface with the 7220C or 7220T Plotters through an RS-232-C cable.

The following conventions apply to the HP-GL command syntax used within this
manual:

— All items in dot matrix are required exactly as shown.

[ Jor( ) — All items in brackets and/or parentheses are optional.

O — All items in circles are required keyboard entries either as the
character shown or as the decimal equivalent value of that
ASCII character.

The following conventions apply to the program listings contained in this manual:

— All characters in dot matrix must be sent to the plotter exactly
as shown.

NORMAL FONT — All characters in normal font are either BASIC program lines —
which are not sent to the plotter or represent variables and the
punctuation delimiting them. Variables must be sent to the
plotter in an acceptable format. Formatting statements are com-
puter dependent and are not included in this manual.

Certain syntax conventions are used when discussing device control instructions. These
syntax conventions are listed and explained below:

< > — Numeric values are shown between angle brackets. These can be
the decimal equivalent of the ASCII character <ASC> or
decimal integer values such as block data size or turnaround
delay time <DEC>.

[ Jor( ) — Optional parameters are shown between square brackets and/or
parentheses.

{ | — Braces indicate parameters which may be repeated.

( )...() — Dots between pairs of parentheses indicate parameters which

may be more than one character (i.e., a string of characters).

@ Q O — The three character escape codes used to initiate all device con-

trol instructions. The@and @ASCII characters are used
for all device control instructions. The OASCII character is

an alphabetic, punctuation or sign character which identifies the
specific device control instruction to be executed.
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Description

The Hewlett-Packard 7220 is a microprocessor-based RS-232-C compatible plotter that
produces high quality, multicolor graphic plots on any size chart up to 280 X 432 mm
(ISO A3). The 7220 offers exceptional line and character quality with addressable
moves as small as 0.025 mm (0.001 in.). Forty-seven different instructions are built in

to equip the plotter with such capabilities as point digitizing, labeling, character sizing,
arcs, circles and window plotting. You can connect the plotter to your RS-232-C com-
patible computer using a standard RS-232-C interface cable. Short, easily understood
HP-GL commands and the RS-232-C interface enable you to start plotting with only a
minimum of programming experience.

Trace identification is enhanced by the use of the 7220’s automatic selection of any of
eight pens through either program control or front panel pushbuttons. Seven different
dashed-line fonts, symbol mode plotting, and user-defined characters aid in trace
identification.

Faster, high quality plotting is another contribution of the 7220. The pen speed is
programmable to any one of 36 speeds from 10 mm/s to 360 mm/s. This feature
enables you to produce high quality graphics on standard chart paper as well as other
media.

Annotation can be easily done using any of five character sets, including three European
sets, Text can be written in any direction, with or without character slant, and in
varying sizes. You can even design your own characters.

The 7220 is designed to be especially useful in the areas of business graphics, statistics,
medicine, numerical control, surveying, and engineering design. Whether tabulated,
measured, or computed data, the 7220 enables you to quickly prepare multicolor plots
of excellent line quality and high resolution.

The 7220T, with automatic paper feed, cutting and plot stacking, allows full program-
mable unattended operation. Three added HP-GL instructions provide the program
control of these additional features of the 7220T.



4 General Information

Unpacking and Inspection

WARNING
The 7220T is a large, heavy device (weight 66 lbs.). Do not
attempt to unpack it or move it to a different location alone.

The 7220T plotter should be moved or unpacked by two people, one positioned at each
end of the plotter. Each person should grasp the lower support bars of the plotter near
the rubber feet and lift.

The individual parts of your plotter were thoroughly inspected before the unit was
shipped to you, and the instrument should be in good operating order. Carefully
inspect the plotter and accessories for any physical damage sustained in transit. Notify
the nearest HP Sales and Service Office and file a claim with the carrier if the unit is
received in a damaged condition.

Please check to ensure that you have received all of the items that should accompany
the plotter. Refer to the table of Accessories Supplied and check that all accessories are
present.

If you have any difficulties with the plotter, if it is not operating properly, or if
accessories are missing, contact the nearest HP Sales and Service Office.

NOTE
Retain the original packing materials and carton. If the
plotter must be shipped, this will save having to order
new packing materials and a carton from HP.




Accessories Supplied

The following items are supplied with each 7220 plotter:

General Information

Item Quantity Part Number
Operating and Programming Manual l 07220-90003
Pocket Guide ! 07220-90005
Power Cord (appropriate cord supplied based on destination
of unit)
Male-To-Male Interface Cable (RS-232-C/CCITT V.24) 1 8120-3258
Dust Cover 7220C 1 9222-0742
or
Dust Cover 7220T 9222-0741
Digitizing Sight 1 09872-60066
Paper Tray 7220T only | 17072-60251
Supplies Kit* 7220C — includes: 1
Plotter Paper, 8% X |1 in. blank (pkg of 300 sheets) | 9280-0517
Plotter Paper |1 X 16'% in., blank (pkg of 300 sheets) 9280-0518
Fiber Tip Pens, package contains:
5 black pens, 0.3 mm line width | 5060-6787
5 black pens. 0.7 mm line width 1 5060-6890
/4 pens, 0.3 mm line width, 1| each of black, red, blue,
and green 2 5060-6810
~ 4 pens., 0.7 mm line width, 1 each of black, red. blue,
and green I 5060-6858
6 pens, 0.3 mm line width, | each of burnt orange, lime
green, gold, turquoise, violet, and brown 1 5060-6894
v 6 pens, 0.7 mm line width, | each of burnt orange, lime
green, gold, turquoise, violet, and brown 1 5060-6895
Supplies Kit* 7220T — includes:
Same as 7220C Supplies Kit excepr Roll Paper (English),
200 ft., perforated at 11 in. replaces 84 X 11 in. blank
paper. 1 9280-0493

5

*Metric paper may be supplied with the plotter based on destination of unit. This will result in
replacement of 84 X 11 in. paper by A4 size 210 X 297 mm (9280-0519) and English roll paper by
metric roll paper, 61 m perforated at 297 mm  (9280-0494).
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Accessories Available

The following items are also available and can be purchased using the appropriate part
number:

Item Part Number

Plotter Pens, fiber tip

Package of 5 red pens. 0.3 mm line width 5060-6784

Package of 5 red pens, 0.7 mm line width 5060-6893

Package of 5 blue pens, 0.3 mm line width 5060-6785

Package of 5 blue pens, 0.7 mm line width 5060-6891

Package of 5 green pens, 0.3 mm line width 5060-6786

Package of 5 green pens, 0.7 mm line width 5060-6892

Package of 5 black pens, 0.3 mm line width 5060-6787

Package of S black pens, 0.7 mm line width 5060-6890

Four-color Pack, 0.3 mm line width 5060-6810
| each red, green. blue, black

Four-color Pack, 0.7 mm line width 5060-6858
| each red, green, blue, black

Six-color Pack, 0.3 mm line width 5060-6894
I each burnt orange, lime green, gold, turquoise. violet, brown

Six-color Pack, 0.7 mm line width 5060-6895

1 each burnt orange, lime green. gold, turquoise, violet, brown

Plotter Paper

10 X 15 in. grid area, 10 grids/in., 100 sheets 9270-1004
7 X 10 in. grid area, 10 grids/in., 100 sheets 9270-1006
250 X 380 mm grid area, 1 grid/mm, 100 sheets 9270-1024
180 X 250 mm grid area, | grid/mm, 100 sheets 9270-1023
Semi-log:
10 in. X 2 cycle plot area, 100 sheets 9280-0159
10 in. X 3 cycle plot area, 100 sheets 9280-0160
2 cycle X 15 in. plot area, 100 sheets 9280-0169
3 cycle X 15 in. plot area, 100 sheets 9280-0168
Log-log:
2 cycle X 3 cycle plot area, 100 sheets 9280-0167
3 cycle X 2 cycle plot area, 100 sheets 9280-0165
3 cycle X 4 cycle plot area, 100 sheets 9280-0171
Blank, 100 sheets 11 X 16V in. 9280-0180
Blank. 300 sheets 11 X 16'4 in. 9280-0518
Blank, 300 sheets 84 X I in. 9280-0517
Blank, 300 sheets ISO A4 (210 X 297 mm) 9280-0519
Roll: English 200 ft. (61 m) perforated for 11 in. width 9280-0493
Metric 61 m (200 ft.) perforated at 297 mm 9280-0494
Overhead Transparency Kit (includes) 17055A
Package of 4 pens, 0.3 mm line width, | each red, green, blue, black 5060-6818
Package of 4 pens, 0.6 mm line width, | each red, green, blue, black 5060-6819
Package of 4 pens. 0.3 mm line width, | each black, orange, brown, violet 5060-6834
Package of 4 pens, 0.6 mm line width, 1 each black, orange, brown, violet 5060-6835
Solvent 29.6 ml (1 fl. 0z.) 5060-6828

100 sheets transparency film (kit includes two packages) 9270-0639
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Accessories Available (Continued)

Item Part Number

Overhead Transparency Pens, single color packages

Package of 5 black pens, 0.3 mm line width 5061-5010
Package of 5 black pens, 0.6 mm line width 5061-5020
Package of 5 red pens, 0.3 mm line width 5061-5012
Package of 5 red pens. 0.6 mm line width 5061-5022
Package of 5 green pens, 0.3 mm line width 5061-5015
Package of 5 green pens, 0.6 mm line width 5061-5025
Package of 5 blue pens, 0.3 mm line width 5061-5016
Package of 5 blue pens. 0.6 mm line width 5061-5026
Soft Carrying Case 7220C only (not suitable for shipping) 1540-0480

Interface Cables, ROMs and Software (see your HP sales representative) —

Service Manual 7220/7221C/T 07220-90004

2K Buffer Expansion Kit 07221-60600
(includes 4 sockets, 4 RAMs and installation instructions)

Additional plotter supplies are available from your local Hewlett-Packard Sales and
Service Office. Just ask for a copy of the Computer Supplies Catalog (5953-2450)
which is a complete listing of supplies for Hewlett-Packard computers and plotters.

Grounding Requirements

To protect operating personnel, the National Electrical Manufacturers’ Association
(NEMA) recommends that the plotter be properly grounded. The plotter is equipped
with a three-conductor power cable which, when connected to an appropriate power
receptacle, grounds the plotter. To preserve this protection feature, do not operate the
plotter from an ac power outlet which has no ground connection.

Power Requirements

The 7220 plotter has the following power requirements:

e Line Voltage: 100 V ~ +5%, —10%
120 V ~ +5%, —10%
220 V~ +5%, —10%
240 V ~ +5%, —10%

e Line Frequency: 48 to 66 Hz, single phase

e Maximum Line Current: 1.3 A @ 100 V
I.LTA@I20V
600 mA @ 220 V
550 mA @ 240 V

e Consumption: 100 Watts maximum
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Operator Maintenance

Maintenance of the plotter is limited to a periodic cleaning of the external surfaces,
electrostatic paper hold-down surface, pen stalls, and air filter. Cleaning intervals are
determined by the type of operation, local air contamination, and climatic conditions.

WARNING
Disconnect the plotter from the power source
prior to performing any maintenance. When
cleaning, apply water using a lint-free tissue. DO
NOT allow water to run onto electrical com-
ponents and circuits or through openings in the
enclosure as it may create a shock hazard.

Scratches or punctures in the electrostatic paper
holddown surface may expose high voltage con-
ductors. Plotters damaged in this manner should
not be operated.

General Cleaning
Clean the outer surfaces as follows:
a. Blow away dust accumulation, using compressed air if available.

b. Clean the outer surface of the instrument with a damp sponge or cloth. Use a
mild soap and water solution if necessary. Wipe dry after cleaning.

Electrostatic Paper Hold-down Surface Cleaning

Dust and other contaminants will lower the paper holding capability. Although pen ink
will not affect hold-down performance, it may be desirable to remove ink stains as well.

Cleaning moderate contamination can be accomplished as follows:

a. Prepare a mixture of 50% isopropyl alcohol and 509 water by volume.

b. Apply the alcohol/water mixture to the surface using a lint-free tissue.
. Immediately wipe any moisture from the surface. Never let any liquid stand on
surface as it may become permanently damaged.

If the surface cannot be easily cleaned with the alcohol/water mixture, cleaning can be
accomplished as follows:

a. Select a clean, lint-free cloth that will not scratch the surface.
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b. Remove transparency ink with solvent (HP 5060-6828) and dry thoroughly
before continuing the cleaning process.

c. Dampen the cloth with warm water or alcohol and apply a light amount of .
cleanser such as Ajax® or Comet®,

d. Wipe the surface until it is clean, then rinse the cloth and wipe any remaining
cleanser from the surface. Immediately wipe any moisture from the surface.
Alcohol and water may be used to remove the remaining cleanser from the
surface.

Pen Stall Cleaning

Before using overhead transparency pens, remove leftover ink from the boots in the
pen stalls using a cotton swab and solvent. This will prevent the transfer of other inks
to the plots.

Air Filter Cleaning

The air filter located on the rear panel should be cleaned approximately every three
months or when dirt becomes visible on the filter surface, whichever happens first.
Remove the filter and either hold it under running water, or wash it in warm, soapy
water, followed by a rinse in clean water. Dry the filter thoroughly before replacing it.

Shipment

When the plotter is to be shipped, it i1s essential that the original packing materials and
carton be used. If not available, packing materials and a carton may be ordered
through your local Hewlett-Packard Sales and Service Office.

If the plotter is being returned to Hewlett-Packard for any reason, contact your local
HP Sales and Service Office for shipping instructions. Attach a tag to the instrument
including the following information:

Your company name

Address

Telephone number

Name of person to contact

Description of problem and desired service
Model number and full serial number

Sk -

Do not include the power cord or other operating accessories if returning the
instrument to HP.

CAUTION
Before shipping remove all pens.
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Controls And Indicators

A brief description of the 7220 controls and indicators, including their functions,
follows. Those which apply to both the 7220C and 7220T are given first. followed by
those that apply to the 7220T only.

WARNING
To avoid the possibility of injured fingers, always keep
your hands away from the pen stable and plotter arm
when operating the panel controls.

FRONT BASE

A pushbutton switch that controls application of
power to the plotter. Power is on when depressed

(set to _'._ ) and off when extended (set to j_ ).

FRONT PANEL

Pushbuttons to move pen within the plotting area in

the direction of the arrows at 4 mm/s. Two adjacent

‘ ‘ e pushbuttons move pen diagonally in the indicated
' EAST . .

’ directions at 5.66 mm/s. When an arrow pushbutton

is pressed together with , pen moves at approxi-

mately 90 mm/s and at 127 mm/s diagonally.

A multipurpose pushbutton with a lamp. It is used
as follows:

a. Pushed before mto initialize plotter. The lamp

in blinks until 1s pushed.
b. Used with and to establish scaling points.
The lamp in blinks until or s

pushed.

c. Used to enter a point in the Digitize Mode. The
lamp in is on steady from receipt of digitize
point command until button is pushed.
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d. Used with the pen select buttons to store a pen.

ENTER!

e. The lamp in | e | can be turned off by pushing
any of the

(=]
@ @ pushbuttons.
(=]

f. Used to suspend or resume execution of pro-
grammed graphic instructions from the front panel.

OUT OF LIMIT lamp lights when plotter is re-
quested to plot outside window area or beyond
limits of platen area. Lamp blinks if commanded
position puts plotter in “lost” state. See Plot Absolute
(Chapter 6) and Input Window (Chapter 9).

Pressing or raises the pen and moves it to

the corresponding physical point, P1 or P2, on the

laten. Pressing| e |, followed by| » | or| » |defines
p g y

the current pen location as the scaling point P1 or
P2. See Setting The Scaling Points (Chapter 5).

These pushbuttons raise or lower the pen. When
held down during program execution, they override

programmed pen control until released. with

(=]
@ @ can be used to draw lines.
£3

ERROR lamp lights when an RS-232-C related
error occurs, or when an HP-GL related error
occurs if the error mask has been set to flag that
error. See ESC . E (Chapter 3) and Input Mask
Instruction (Chapter 9).

Lamp also lights at end of confidence test until
confidence test switch is turned off.

Pushbutton switch used to load chart paper. When
pressed, the lamp in the pushbutton is turned on,
the OUT OF LIMIT light is on steady, electrostatic
paper hold-down is deactivated, execution of any
plot data in the buffer is suspended, and the pen is
moved to the upper right corner of the platen.
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A pushbutton switch that activates electrostatic hold-
down when sheet paper is used, and turns off the

. CHAR . . .
lamp m. Execution of plot data in the buffer is

suspended while the button is held down. Holding
the button down for more than one second causes
the pen to move to the upper right corner of the
plotting area, with the pen raised. The pen returns
to the original position and execution of plot data
resumes when the pushbutton is released.

When pressed after pressing , the plotter is in-
itialized.

A pushbutton switch with lamp that may be used to
place the plotter in On-Line Mode. The lamp indi-
cates the mode of the plotter.

. ON .
a. If the lamp in 1s on steady, the plotter has

not received a Plotter On instruction from the
computer or front panel and is programmatically
off. The plotter will not respond to received
device control and graphics instructions, except
Plotter On, in this state.

b. If the lamp in is flashing, the plotter has

received a Plotter On instruction from the com-
puter or front panel and is programmatically
on. The plotter responds to device control and
graphics instructions in this state.

c. Repeatedly pressing will toggle the plotter

between programmed off and programmed on
modes. Turning the plotter programmatically
off will not terminate execution of instructions
already in the buffer.

d. Plotter responses to output data requests are
sent to the computer unless Monitor Mode is
active. See Set Plotter Configuration in Chapter
3 for Monitor Mode explanation.

e. Data originating at the terminal is passed to the
computer unless Monitor Mode is active. See
Set Plotter Configuration in Chapter 3 for Monitor
Mode explanation.




16 General Information

1. ieca

*

A pushbutton switch with lamp that 1s used to place
the plotter in Local Mode. The following events
occur in Local Mode:

a. After Local Mode is selected, the plotter is con-
nected to the terminal and any further data
from a host computer is ignored.

b. 1f the lamp in is on steady, the unit has not

received a Plotter On instruction from the ter-
minal or front panel and is programmatically
off. The plotter will not respond to incoming
instructions, except Plotter On, in this state.

c. If the lamp in is flashing, the plotter has

received a Plotter On instruction from the ter-
minal or front panel and is programmatically
on. The plotter responds to all device control
and graphics instructions in this mode.

d. Plotter responses to received output instructions
are sent to the terminal.

e. Repeatedly pressing the local pushbutton will
toggle the plotter between programmed off and
programmed on modes.

f. When the plotter has been toggled off, or imme-
diately after Local Mode is selected, execution
of any graphics data in the plotter buffer con-
tinues uninterrupted until the buffer is empty.

The DATA SET lamp indicates the state of the
modem or host computer when the plotter is con-
nected into a computing system. The lamp is on
steady when the Data Set Ready line from the
modem or host computer is high.

A pushbutton switch with lamp that is used to place
the plotter in standby. The following events occur in
the Standby Mode:

a. Thelamp in turns on steady.
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b. Execution of buffered instructions in the plotter
is halted, and unexecuted instructions in the
buffer are purged.

c. The plotter passes data between the host
computer and terminal using plotter micro-
processor control, but without scanning for plotter
instructions.

£

8 o

Eight pen-select pushbutton switches used to select,
change or store plotting pens under the following
conditions:

a. Pressing a pushbutton causes the pen in the pen
holder to be stored in its original stall or, if that
stall is occupied, in the lowest numbered empty
stall. The pen in the stall associated with the
pushbutton pressed is then loaded into the pen
holder and the pen holder returns to the last
graphic position and places the pen in its previous
up/down state.

b. If the pen is moving when the pushbutton is
pressed, the vector or character will be com-
pleted before the pen is changed.

c. Execution of buffered data in the plotter is
suspended while the plotter is changing pens.

d. If ‘ is pressed before pressing a pen-select
pushbutton, the light in will flash, and the

pen in the pen holder will be stored in the stall
associated with that pen-select pushbutton if the
stall is empty. The empty pen holder then returns
to the last graphic position. If the stall associated
with that pushbutton is full, the pen is stored in
the lowest numbered empty stall. If all stalls are
occupied, no pen holder movement occurs.

17
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7220T ONLY

ULl
17.
18.
19.

Pushbuttons to release cover on right and left paper
supply module.

Pushbuttons to advance paper one full page or one
half page from left margin of platen. The length of
the advance depends on the setting of the English/
metric switch on the rear panel. Will interrupt plot-
ting and advance paper if pushed during program
execution.

Pushbutton switch to enable/disable cutter. Lamp is
on when cutter is enabled and off when disabled.

Paper advance thumbwheel to adjust tension on
newly loaded roll paper or to advance paper
manually.

Paper gauge calibrated in quarters of a roll.

PLATEN AREA 7220C and 7220T

REAR PANEL 7220C and 7220T

Paper stop. Should be recessed while roll paper is in
use and raised when using sheet paper. Pushing
upper part with a pencil point will raise stop.

Power cord receptacle (refer to paragraph entitled
Power Cords).

Fuseholder (refer to paragraph entitled Fuse).



24.

25.

26.

27.

28 and 29.

General Information

The TERMINAL connector is a 25-pin, female
type, RS-232-C connector and is used to inter-
connect the plotter and a terminal.

The MODEM connector 1s identical to the TER-
MINAL connector and is used to interconnect the
plotter with a modem or host computer.

An eight-position selector switch that is used to set
the plotter electronics for operation with data trans-
mission rates of 75, 110, 150, 200, 300, 600, 1200 or
2400 baud as required by the system.

The confidence test (CONF TEST) switch is set to
the OFF position during plotter operation. The
switch is set to ON to test plotter circuits prior to
operation. Refer to the “Confidence Test” discussion
in this chapter for details concerning the use of this
switch.

In the DTR BYPASS position, the modem or
computer will receive the DTR signal from the
terminal. In the NORM position, the modem will
receive DTR from the plotter and the terminal DTR
is ignored.

The parity ON/OFF and EVEN/ODD switches are
effective only when the plotter is in the On-Line
Mode and programmed on by a host computer (or
front panel control), or when outputting data to the
terminal in Local Mode. These switches set the
parity checking and generation electronics for use
with Odd or Even parity as established by system
requirements. If parity is not used, the PARITY
ON/OFF switch is set to OFF, and the setting of
the EVEN/ODD switch is irrelevant.

19
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1 MODEM I
DUPLEX

31
7220T ONLY

32, wETRC —— oo ENGLISH

The DUPLEX HALF/FULL switch is used only
when the plotter is set for Local Mode or with
Monitor Mode active during on-line operation. Dur-
ing Local Mode operation, the switch function is as
follows:

a. When set to FULL., the plotter returns (echoes)
data received from the terminal back to the
terminal.

b. When set to HALF, the echo is suppressed.

During On-Line Mode operation, with Monitor
Mode active, the DUPLEX switch function is as
follows:

a. When set to FULL, and computer is working in
an echoplex environment, all plotter output re-
sponses are echoed from computer, through
plotter, to terminal.

b. When set to HALF, all plotter output responses
are sent to both the computer and the terminal.
All data received from the computer is also sent
to the terminal.

The MODEM/HARDWIRE switch is effective only
at plotter power-on. This switch determines the
initialized state of the “Hardwire Handshake” and
“Enable Data Transmission” options of the Set Plotter
Configuration instruction (refer to Chapter 3).

When the switch is set to MODEM, the “Hardwire
Handshake” and “Enable Data Transmission” options
are initialized to the “Off™ state.

When the switch is set to HARDWIRE. the “Hard-
wire Handshake” and “Enable Data Transmission”
options are initialized to the “On” state.

Metric/English paper switch to control length of
paper advance and settings of scaling point P1 and
P2 at power-up and initialization.
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Setting Up The Plotter

Determining Pen Type

To obtain plots of the highest quality, it is important to use pens matched to your

application. Pens are available for use on standard Hewlett-Packard plotting paper and
transparency film. The top of each pen is marked, in a color which matches the pen’s
ink, with a two-character code. The first character is alphabetic and denotes the media
on which the pen will draw or the ink type. The “P” is for paper and “T” for
transparency.The second character is numeric and specifies in millimetres the approxi-
mate width of a line drawn with that pen.

Turning The Power On

After observing the proper power and grounding requirements and precautions
previously specified, set the LINE switch to I (on). The following will then occur:

a. Pen moves to lower right corner with the pen up.
b. Chart hold is on. Chart hold is off if roll paper is loaded on a 7220T.

c. Certain parameters are set to their default values. For a description, see the
DF instruction (Chapter 3).

Loading Pens

After the plotter’s initialization process is complete and the plotter arm has stopped
moving, you can install the pens. There are two methods of doing this. The first is to
place the pen directly into the stable under the front panel; the second is to place each
pen in the pen holder and store it using the front panel buttons.

Direct Stall Loading

WARNING
To avoid the possibility of injured fingers, always turn
the plotter off when directly storing pens.

Turn the plotter off. Select the pen to be placed in the first stall and remove the pen
cap. Place the pen tip in the round boot at the base of the stall and press the pen down
and in gently until the pen snaps into place. The pen code on the top of the pen will be
centered under the hole in the front panel. Repeat this procedure for the remaining
pens and turn the plotter back on.
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9872-A-166-1

'With tie plotter turned off for safety reasons, pens may be removed from a stable by
depressing the lever to the right of the pen, grasping the pen between thumb and index
finger and pulling gently.

Automatic Stall Loading

Select the pen that you want in pen storage location 1, remove the cap and place the
pen in the pen holder as shown in the picture below. Note that the thick ring around
the middle of the pen fits into the slot in the pen holder. Now press and pen
location button (7] . The plotter arm will put the pen in the first storage location,
Repeat this procedure with up to seven more pens, substituting the appropriate pen
location button for each one.

9872-A-165-1
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Loading Sheet Paper

To load sheet paper, you first press . This releases the paper hold-down ]-

mechanism and moves the plotter arm to the upper right corner of the platen. Raise
the paper stop by pushing down the upper portion of the stop with a pencil or other
pointed object. Make sure the paper is positioned squarely against the ridge at the
bottom of the platen and against the paper stop on the left side of the platen. Starting
from the lower left corner, smooth the paper with the back of your hand so that skin

oil is not deposited on the paper. Now press . This will activate the electrostatic

hold-down mechanism and turn off the lamp in . Smooth the paper again with the
back of your hand.

7221-A-29-1

Loading Sheet Paper
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Loading Roll Paper (7220T)

WARNING

To avoid the possibility of injured fingers, always turn
off the plotter before changing roll paper.

Store pens to avoid getting ink on the new paper. Turn off the plotter to avoid injury
and to disable electrostatic hold-down. Depress the paper stop on the left side of the
platen and open both left and right paper supply modules by pressing the door latch
buttons. Grasping the roll of paper in your left hand continue loading as follows (see

pictures):

a. Load roll between hubs in supply module with paper feeding across top of roll,
aligning hub tabs with roll notches.

b. Feed paper across table and under arm.

c. Engage paper sprocket holes and sprockets at each end of take-up roller. Hold
paper on roller while closing door.

d. Close supply module door. Make sure paper is not on top of front edge guide.

e. Advance paper with thumbwheel until tensioned. Turn plotter on and advance
paper at least once with front panel buttons.

Successful loading of roll paper will turn the page advance option on. Electrostatic
paper hold-down is disabled while roll paper is loaded.

Set the English/metric switch on the back of the paper take-up module to the desired
position. Paper advance distances for both settings are specified under the AF and AH
commands (Chapter 11).
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7220-A-20-1 7220-A-21-1

Paper Modules Open Installing Paper Roll

7220-A-22-1

Threading Paper Across Platen

- L ,\. .
e Ll : . . =% n %
7221-A-23-1 7220-A-23-1
Engaging Paper on Sprockets Closing Take-up Module Door

Paper Loading 72207



26 General Information

Running The Confidence Test

A confidence test is included in the plotter firmware to verify that the unit 1s operating
correctly. Prior to the performance of this test, have a pen in the pen holder and paper
located. Proceed as follows:.

a. Set the LINE switch off.

b. Connect the RS-232-C male-to-male interface cable (HP Part No. 8120-3258)
supplied with the plotter between the rear-panel TERMINAL and MODEM
connectors.

c. Make rear panel switch settings as follows:

p— CONF TEST ON
B Lo e o DTR BYPASS/NORM NORM
ol | PARITY OFF
i EVEN/ODD Irrelevant
- DUPLEX Irrelevant
o BAUD RATE Any
' MODEM/HARDWIRE Irrelevant

d. Set the LINE switch on.

The plotter performs an initialization sequence, then the confidence test runs and
performs the following functions in sequence:

¢ & Thelamps in DATA SET and are on steady.

b. The plotting pen is moved to the lower right corner of the platen, then moves
to the lower left corner. '

c¢. The plotter performs a self-test of various internal circuits. During this time

the plotting pen does not move. This portion of the test takes approximately 3
seconds and occurs simultaneously with d, e, and f.

d. The lamp in turns off.
e. Thelamp in turns on steady.

f. DATA SET lamp flashes 3 times.
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7221-A-30-1

Plotter Confidence Test Connections

g. The plotter executes the confidence test plot illustrated on the next page.

h. The plotting pen returns to the lower left corner of the platen with the pen
down.

1. The following lamps go on steady:

ENTER ° CHAR ON Local)
A ERROR ' 'y ®
QUT OF LIMIT L] LOAD LINE

J.  The following lamps are off:

DATA SET ST.BV
®

NOTE
If a failure occurs while the confidence test is running,
or if improper results are obtained, refer the problem to
qualified service personnel.

[in

This concludes the confidence test. Set the and

TONF
A switches off. Discon-

nect the RS-232-C cable from the TERMINAL and MODEM
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Confidence Test Plot
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Plotter Initialization

Initialization sets the plotter to a predetermined logical and mechanical state. After
observing the proper power and grounding requirements and precautions, set the LINE
switch to on (1). The following will then occur:

a. The pen arm moves toward the right of the platen until it encounters the
far-right limit switch.

b. The pen holder moves down until it encounters the bottom limit switch in a
stall adjacent to the pen stable.

c. The pen holder moves out of the limit switch stall and stops in the lower-right
corner of the platen.

This completes plotter initialization, and internal graphic variables are set to their
default values (values assumed by the plotter in the absence of an actual instruction).
Refer to the Default instruction in Chapter 3 for a list of these default values.
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Selecting A Pen

NOTES
If all pen stalls are full when a pen-select pushbutton is pressed,
the pen holder moves to the stall adjacent to the pen stable in
the lower right corner of the platen to sense if there is a pen in
the pen holder. If there is, the pen holder moves back to the
original position. With eight pens in the stable and one in the
holder, pens cannot be interchanged.

If the stall associated with the pushbutton pressed is empty, no
pen selection occurs and the pen holder remains stationary.

Front panel pen selection events occur as follows:
a. Press one of the eight pen-select pushbuttons.
b. Execution of graphic instructions in the buffer is suspended.

c. The pen in the holder is put into its original stall, if empty, or the lowest
numbered vacant stall.

d. The pen in the stall associated with the pushbutton is loaded into the pen
holder.

e. The pen holder moves back to its original position.

f. Execution of graphic instructions stored in the buffer resumes.
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Storing A Pen

NOTE
If the stall associated with the pen-select pushbutton
that was pressed is occupied, the pen holder will store
its pen in the lowest numbered empty pen stall. If no
stalls are empty, no movement will occur.

To store a pen, proceed as follows:

a. Press . The lamp starts flashing.

b. Press the pen-select pushbutton for the stall in which you want to store the

pen.
c. The pen in the pen holder is stored in the selected stall.
d. The pen holder is returned to its original position.
e. Thelamp in goes out.

Pen Up/Pen Down Controls

NOTE
The AP instruction defaults to the on state and auto-
matically raises the pen after approximately 65 seconds
with no new pen movement commands. See the descrip-
tion of the AP instruction in Chapter 6.

To raise the operating pen: Press .

To lower the operating pen: Press .
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Pen Positioning

+

The arrow pushbuttons and are used to manually position the plotting pen on the
platen surface.

Pressing any one of the four arrow pushbuttons moves the pen in the direction of the
arrow at 4 mm/s. Pressing and any arrow pushbutton moves the pen in the

direction of the arrow at 88 mm/s.

Pressing any two adjacent arrows moves the pen on the 45° diagonal between the two
arrows. Diagonal moves are at 5.7 mm/s when only arrow pushbuttons are depressed,

and 125 mm/s if is also pressed.

Installation/Operation Of The Digitizing Sight

A digitizing sight (HP Part No. 09872-60066) is supplied with the plotter and is loaded
and selected in the same manner as a pen. To use the digiting sight, proceed as follows:

a. Load the pen holder by pressing the pen-select pushbutton associated with the
stall in which the digitizing sight is loaded.

b. Position the sight over the area to be viewed using the previously described
pen positioning controls.

¢. To accurately lower the sight onto the platen, press and align the dot on
the digitizing sight with the point to be digitized.

ENTER]
d. Press.

A description of digitizing can be found in Chapter 10.



Chapter 2

Handshake Protocol

Introduction

The 7220 Graphics Plotter provides RS-232-C compatible asynchronous data communi-
cations at rates up to 2400 baud. Since the rate at which data is transmitted may not
equal the rate at which data is processed (i.e., plotting is executed), an input buffer has
been included in the 7220 plotter. The standard buffer holds 928 bytes of data; an
optional 2K buffer expansion kit can be used to expand input buffer capacity to 2976
bytes.

If data transfer is to be successful, the computer and plotter must transfer information
in such a way that data will not be lost due to buffer overflow, and will not be misunder-
stood. The purpose of handshaking is to assure that data is transferred in a complete
and understandable manner.

In all, the 7220 is capable of using any one of four handshaking methods to prevent
buffer overflow and the resulting loss of data. The computer system’s capabilities and
requirements dictate which handshake method is appropriate. The four handshaking
methods and terms used in handshaking are described briefly below. This is followed
by a more detailed description of each handshake mode and a description of the device
control instructions used to implement handshaking and to transfer information on the
state of the plotter.

® Hardwire handshake: Can be used if the computer system can or does monitor
pin 20 (DTR).

e Xon-Xoff handshake: Can be used if the computer system follows an Xon-Xoff
protocol (control characters are transmitted from the peripheral to the computer).

e Enquire/acknowledge handshake: Can be used if the computer cannot use hard-
wire or Xon-Xoff handshake. (The enquire/acknowledge handshake method has
less communications overhead than software checking.)




34 Handshake Protocol

o Software checking handshake: Can be used on almost any computer system, but
must be used if the system cannot implement any of the other three handshaking
methods.

Once the handshake method is selected, the 7220 can be programmatically instructed to
match the computer system requirements, implement the chosen handshake method,
and function properly within the system-dependent communication environment. This
is done by specifying certain variables in device control commands which are issued to
the 7220 at the beginning of each computer session or graphics program. The variables
which may be specified through the four handshake methods available to the 7220 are:

e Qutput Trigger Character: The output trigger character, when used, is the last
character output by the computer when making a request of a graphics peripheral.
Defining this character in a command tells the plotter, “Don’t respond to my
request until you receive this trigger character.” This character is often a DCI
(decimal equivalent 17) or some other non-printing ASCII character.

® Turnaround Delay: The turnaround delay is the length of time the plotter will wait
after receiving a computer request before it responds. The purpose of this time
delay is to postpone the plotter’s transmission of requested data until the computer
1s ready to receive and process it. Most systems require either a turnaround delay
or a trigger character, but not both.

e Output Terminator: The output terminator is a one- or two-character terminator
that the computer requires the plotter to send at the end of each response to a
data request. The output terminator tells the computer “This completes my trans-
mission.” Often, computers expect a carriage return character CR (decimal
equivalent 13) as the plotter’s output terminator.

® Echo Terminate Character: Echoing is commonly found in full duplex systems.
Use of the echo terminate parameter in a device control command tells the plotter
that the computer will echo all responses and that this echoed data should be
ignored (the plotter’s data buffer should be closed) until an echo terminate
character is received. When the plotter receives the echo terminate character, it
reopens the data buffer to receive graphics data from the computer. Computers
often use the line feed character LF (decimal equivalent 10) as the echo terminator.
If the computer does not echo the peripheral’s response, this variable must be a
NULL character (decimal equivalent 0) or must be omitted.
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e [ntercharacter Delay: Some computers cannot process data as fast as the plotter
can transmit it due to limited buffering in the 1/0O port. This can be compensated
by delaying each transmission from the plotter for the period of time specified by
the intercharacter delay variable. This intercharacter delay is added to a turnaround
delay (if one has been specified) before the first character is sent by the plotter,
and is also inserted before each subsequent character in a string being sent to the
computer.

e Handshake Enable Character: In some systems, the computer sends a handshake
enable character to ask the plotter if it has room for a block of data, thereby
initiating the handshake process. If Xon-Xoff handshake mode is to be established,
a NULL character (decimal equivalent 0) must be specified as the handshake
enable character. If enquire/acknowledge handshake is to be established, an ENQ
character (decimal equivalent 5) or any other ASCII character besides the NULL
1s used.

e Immediate Response String: Certain system environments require an immediate
response from the plotter acknowledging the enquiry from the computer. Systems
of this type include a computer that transmits data to the plotter after a certain
time interval but before receiving a go-ahead signal from the plotter. If the plotter’s
buffer is full and the computer sends more data, the buffer will overflow. The
immediate response string prevents this inadvertant transmission of data before
the plotter is ready. It is transmitted by the plotter immediately after receipt of a
handshake enable character and tells the computer, “Wait, I am here and checking
my buffer space.” The computer will wait indefinitely until it receives a handshake
response string. Computers frequently require a DC3 character (decimal equivalent
19) for the immediate response.

e Handshake Response String: The handshake response string specifies the character
or characters that the plotter will send to the computer when the plotter’s input
buffer has room for another block of data. Computers frequently require that an
ACK character (decimal equivalent 6) be used for the handshake response string.

e Maximum Buffer Size: This variable establishes an artificial usable buffer size in
the plotter.

e Data Block Size: This is the size of each data block the computer will transmit to
the plotter.

e Data Terminal Ready (CD) Line Control: This variable sets the configuration of
the plotter’s Data Terminal Ready control line (pin 20) to enable or disable the
hardwire handshake mode. Pin 20 is held on (+12 V) if hardwire handshake is
disabled.
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e Xoff Threshold Level: In the Xon-Xoff handshake mode this defines how full the
buffer may get before the plotter will send the Xoff trigger character to the
computer, telling it to stop sending data. The user should specify a value that
equals the maximum buffer size (the actual size of 928 or 2976 minus the
computer’s data block size) using the Set Plotter Configuration instruction.

e Xoff Trigger Character: This specifies the character string the plotter will use to
signal the computer to temporarily stop sending data while the plotter processes
what it has already received. The DC3 character (decimal equivalent 19) is
generally used for the Xoff trigger.

e Xon Trigger Character: This specifies the character string the plotter will use to
signal the computer that there is sufficient space in the buffer to resume sending
data. The DCI character (decimal equivalent 17) is generally used for the Xon
trigger.

The following discussion of the four handshake methods includes the pertinent
variables and identifies the commands which will establish their values.

Hardwire Handshake

As the name implies, the hardwire handshake takes place in the hardwire rather than in
the firmware or software. The plotter controls the data exchange sequence by setting
the electrical voltage on one of the connecting lines (CD line) to the computer to signal
the computer when to send another block of data. If there is enough room in the
plotter’s buffer to accept and store another block of data, the plotter sets the Data
Terminal Ready (CD) line to a “high™ state. If there is insufficient space, it sets the line
low. By monitoring this line, the computer knows when it can or cannot safely transmit
another block of data.

The following conditions may be specified for the hardwire handshake mode by using
the appropriate parameters:

® Maximum buffer size (ESC . @ command)
e Data Terminal Ready (CD) line control (ESC . @ command)

The MODEM/HARDWIRE switch must be set to HARDWIRE at power-up or bit 0
must be set with the ESC . @.
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The following flowchart shows the steps involved in this very simple hardwire hand-
shake mode of operation.

PLOTTER IN HARDWIRE
HANDSHAKE MODE.
COMPUTER ON-LINE.

COMPUTER MONITORS

DTR LINE (PIN 20}.

NO

YES

COMPUTER SENDS
UP TO BOBYTES
OF DATA OVER
B8 LINE (PIN 3).

MORE
DATA
TO BE SENT TO
PLOTTER?

YES

Flowchart of Simple Hardwire Handshake Mode
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Xon-Xoff Handshake

With the Xon-Xoff handshake method the plotter controls the data exchange sequence
by telling the computer when it has room in its buffer for data and when to shut off the
flow. The plotter uses buffer threshold indicators (an Xon trigger character and an
Xoff trigger character) to prevent buffer overflow.

OVERSHOOT (DUE TO TIME REQUIRED TO
REACT TO XOFF TRIGGER CHARACTER)

BUFFER FULL l

XOFF THRESHOLD
{(XOFF TRIGGER TN\

N\
CHARACTER SENT) 3 4 6 \\\
TOTAL
BUFFER
XON THRESHOLD " SPACE
{XON TRIGGER v . —
5

AVAILABLE
CHARACTER SENT)

BUFFER EMPTY

MAXIMUM BUFFER SIZE
TIME

Xon-Xoff Threshold Levels

As data is sent to the plotter by the computer, it is stored in the buffer and simul-

taneously is being acted on by the plotter. The preceding figure is representative of the
way the Xon-Xoff handshake works:

1. Data enters the buffer faster than it can be acted on by the plotter and the buffer
starts to fill.

2. The plotter begins processing the input data faster than the computer sends it and
the buffer starts to empty.
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3. The data enters the buffer at a faster rate than the plotter can process. The
amount of data stored in the buffer reaches the Xoff threshold level at which point
the plotter sends the Xoff trigger character, stopping the flow of data from the
computer.

4. Due to a finite delay between the time the plotter sends the Xoff trigger character
and the time it takes the computer to react, a slight overshoot may occur. For this
reason, the Xoff threshold level should always be specified sufficiently less than
the maximum buffer size to allow room for this overshoot.

5. When the amount of stored data drops to the Xon threshold level, the plotter
sends the Xon trigger character to signal the computer to resume sending data.
The Xon threshold level is automatically set at 509% of the total buffer size.

6. Data is again stored in the buffer until all the data is transferred or until the Xoff
threshold level is exceeded again.

To match the requirements of the computer system, the following conditions can be
specified for the Xon-Xoff handshake mode by using the appropriate command:

® Xon trigger character (ESC . I command)

® Xoff trigger character (ESC . N command)

e Xoff threshold level (ESC . I command)

® Intercharacter delay (ESC . N command)

® Handshake enable character (ESC . I command)

® Maximum buffer size (ESC . @ command)
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Enquire/Acknowledge Handshake

With the enquire/acknowledge handshake, the computer initiates the data exchange
process by querying the plotter about the availability of buffer space. The format of the
exchange is dependent upon the requirements of the computer.

The following conditions can be specified for the enquire/acknowledge handshake
mode by using the appropriate command:

¢ Turnaround delay (ESC . M command)

e Output trigger character (ESC. M command)

¢ Echo terminate character (ESC . M command)

e Qutput terminator (ESC . M command)

o Intercharacter delay (ESC . N command)

¢ [mmediate response string (ESC . N command)

e Data block size (ESC . 1 or ESC . H command)

¢ Handshake enable character (ESC . 1 or ESC . H command)
e Handshake response string (ESC . I or ESC . H command)
e Maximum buffer size (ESC . @ command)

An example of the enquire/acknowledge handshake is found under the ESC . N
command in the next chapter.
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Software Checking

Software checking is a non-automatic handshake method in which the user’s program
repeatedly asks the plotter how many characters of empty space remain in the buffer.
When the plotter response is bigger than the next block of data, the program will
transmit the data block to the plotter.

Depending upon requirements of the computer, these variables or a subset of these
variables may be specified for the software checking handshake mode by using the
appropriate command.

e Maximum buffer size (ESC . @ command)

Turnaround delay (ESC . M command)

Output trigger character (ESC . M command)

Echo terminate character (ESC . M command)

Output terminator (ESC . M command)

Intercharacter delay (ESC . N command)

The advantage of software checking is that it is independent of hardware and operating
system abilities required to implement other handshake modes; therefore, it usually
makes software transportable between computer systems. The limitation of this method
of handshaking is that it uses up computer time.

The following flow diagram illustrates the functional elements of a typical software
checking handshake mode within a user’s program.

4]
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Chapter 3

Device Control Instructions

Introduction

Handshake protocol between the 7220 Graphics Plotter and computer is established by
device control instructions. Device control instructions are acted upon immediately by
the 7220 plotter, and are never stored in the data buffer.

This device control instructions comprise two groups, 1/O Control and Output, which
are listed below and explained in detail in this chapter.

I/0 Control Group

Plotter On

Plotter Off

Set Output Mode

Set Handshake Mode 1

Set Handshake Mode 2

Set Extended Output and Handshake Mode
Abort Device Control Instructions

Set Plotter Configuration

Output Group

Output Buffer Size
Output Buffer Space
Output Extended Error
Output Extended Status

NOTE
All device control instructions, initiated by the controller,
must be three-character escape-code sequences. Any other

combination of escape-code sequences will result in an
RS-232-C error condition.
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ESC . (,
ESC .)

I/O Control Group Instructions

Plotter On Instruction

@O0« @O0

Description

Beginning with the next character, the plotter will accept incoming data and interpret it
as plotter instructions. If the plotter is already in the Plotter On state, it will ignore this
instruction.

Plotter Off Instruction

OO0« @O®

Description

Beginning with the next character, the plotter will assume a passive state and remain in
that state until a Plotter On instruction is received or until ac power to the plotter is
removed and restored.

At the time that a Plotter Off instruction is received by the plotter, any HP-GL instruc-
tions remaining in the buffer are executed. However, no additional HP-GL instructions
will be accepted by the plotter.

SENT TO NOT SENT ON SENT TO
TERMINAL TO TERMINAL TERMINAL
o —— - > .
P o~ o o
M A T W
PLOTTER ON PLOT DATA PLOTTER OFF
INSTRUCTION INSTRUCTION

Plotter On And Plotter Off Instruction Routing, On-Line Mode
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The <DEC> And <ASC> Format

The next five instructions (Set Output Mode, Set Handshake Mode 1, Set Handshake
Mode 2, Set Extended Output and Handshake Mode, and Set Plotter Configuration)
have parameters which are strings of decimal <DEC> or ASCIl <ASC> encoded
digits separated by semicolons. Each of these instructions is terminated by a colon
which may occur after any number of parameters. Also, any parameter may be omitted
by sending only the semicolon which normally delimits if from the next parameter.
Omitted parameters are set to their default values. Where the <ASC> format is used
to specify the ASCII decimal equivalent of an input/output character, a “0” (the ASCII
equivalent of NULL) generally indicates the associated function is not to be used. The
following examples of the <ASC> format define valid and invalid conditions.

Valid Formats

@ @ @ <DEC> @ All but first parameter de-

faulted.

@ @ @ <DEC> @ @ <ASC> @ Second parameter and last

parameter defaulted.

@ @ @ @ All parameters defaulted.

Invalid Formats

clelolclo S
@ @ @ <DEC> No terminating colon.
@ @ @ <DEC> <ASC> @ Missing semicolon delimiter.
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Set Output Mode Instruction

@ @ @ [(<DEC>) @ (CASC>) @ (CASC>) @ (CASC>) @
(<ASC>)] @

<DEC> Turnaround delay (0 to 9999 milliseconds).

Default: 0 milliseconds (no delay).

<ASC> Output trigger character; ASCII decimal equivalent (0 to 126).
Default: 0 (no trigger character).
<ASC> Echo-terminate character; ASCII decimal equivalent (0 to 126).
ESC. M
Default: 0 (no echo-terminate character).
<ASC> Output terminator; 1 to 2 characters; ASCII decimal equivalents (0
<ASC> to 127).

Default: 13;0 (single character, carriage return as output terminator).

DEFAULT: @ @ @@ is
mesmen @ OQ@WOOOOOG
OOOOG

General Description

The Set Output Mode instruction establishes the nature of plotter outputs, providing
compatibility with a wide variety of computer protocols. The flowchart on the follow-
ing page illustrates the sequence for a plotter output operation upon receipt of a Set
Output Mode instruction.
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ESC . H,
ESC.I

Set Handshake Mode 1 Instruction

@@@ [(<DEC>) @ (<ASC>) @ (<ASC>) . (<ASC>)] @

For parameter description, see Set Handshake Mode 2 Instruction (ESC . 1).

General Description

The Set Handshake Mode 1 instruction is used to establish the data block size, the
handshake enable character, and the handshake response string when the computer
requires that the four conditions specified or defaulted in the Set Output Mode
instruction be satisfied on each response. In this mode, the handshake string is trans-
mitted in accordance with the conditions established by the Set Output Mode (ESC .M)
and Set Extended Output and Handshake Mode (ESC . N) instructions, which may
include turnaround delay, character delay, trigger character, echo terminate character,
and output terminate character. Parameter descriptions are the same as for the Set
Handshake Mode 2 instruction (ESC . 1).

Set Handshake Mode 2 Instruction

& OO [roor () wwer () twset] O

<DEC> For Xon-Xoff Handshake Mode:

Sets Xoff threshold level. (This is expressed in terms of the number
of empty bytes remaining in the buffer.) The value must be less than
the maximum buffer size. (Since the Xon threshold level is auto-
matically half the maximum buffer size, the Xon threshold level will
be reset to one byte less than the Xoff level if the Xoff level is
specified at > half the buffer size.)

Default: Xoff threshold level is 80 bytes.

For Enquire/Acknowledge Handshake Mode:
Sets block size (0 to 9999 bytes).

Default: 0 bytes (80 bytes when bit 0 of the second parameter of
the Set Plotter Configuration instruction (ESC . @) is set equal
to 1).
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<ASC>

{<asc>}

DEFAULT:

the same as

the same as

Handshake enable character (ASCII decimal equivalent 0 to 126).
Default: 0 (NULL character).

For Xon-Xoff Handshake Mode:

Omit the parameter (include only the semicolon) or enter the value 0
(ASCIl NULL character) to specify the Xon-Xoff handshake mode.
To enable Xon-Xoff, the next parameter, an Xon trigger character,
must also be specified.

For Enquire/Acknowledge Handshake Mode:

Any value other than 0 enables the enquire/acknowledge handshake
mode. However, the value 5 (enquire character ENQ) is generally
used.

Handshake string of 1 to 10 characters separated by semicolons
(ASCII decimal equivalent 0 to 127).

Default: All 0 (ASCII equivalents of NULL).

For Xon-Xoff Handshake Mode:

Xoff trigger character(s).

For Enquire/Acknowledge Handshake Mode:

Handshake response string. The value 6 (acknowledge character
ACK) is generally used.

OO *
EOOOOOOOO T

MODEM/HARDWIRE switch is set to MODEM at plotter power-on
and enquire acknowledge handshake is being used, and is

HOOEOOOOOOO

MODEM/HARDWIRE switch is set to HARDWIRE at plotter
power-on or Xon-Xoff handshake is being used.

49
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ESC .1

General Description

The Set Handshake Mode 2 command is used to set parameters for either Xon-Xoff or
enquire/acknowledge handshake protocol. For the enquire/acknowledge protocol, it
establishes the data block size, the handshake enable character, and the handshake
response string when the computer requires that none or only certain ones of the ESC .M
formatting parameters be specified. Any parameters which are specified but not
required will be ignored, except for turnaround delay.

In this mode, transmission of the handshake string is not subject to the trigger character,
echo-terminate character, and output terminate character conditions established by the
Set Output Mode instruction. The handshake string is transmitted as soon as buffer
space is available, but after the character delay, turnaround delay, and immediate
response string, if specified.

For enquire/acknowledge handshake mode, unless otherwise specified by modes 1 or 2,
the receipt of an ENQ control character causes transmission of an ACK character. This
is an automatic “dummy” handshake which is not dependent on buffer space and will
only occur if a received ENQ character is not used for some other function.

The two handshake modes, | and 2, are mutually exclusive. Specifying either mode will
disable the other mode such that only one mode is in effect at a time.

The handshaking process is diagrammed in the following figure.



HAND SHAKE
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Device Control Instructions

Plotter Handshake Mode Flowchart
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ESC.N

Set Extended Output And Handshake Mode Instruction

) O W) [eorer (5) nse-

o] ()

<DEC>

(CASC>) ...

(SASC>)

DEFAULT:

the same as

Intercharacter delay.

Default: 0 milliseconds (no delay).

String of 1 to 10 characters separated by semicolons (ASCII decimal

equivalents 0 to 127).

Default: No characters are sent.

For Xon-Xoff Handshake Mode:

Xoft trigger character(s).

For Enquire/Acknowledge Handshake Mode:

Immediate response string.

EO®MO -

O®OOOC
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General Description

The first parameter of the Set Extended Output and Handshake Mode establishes a
delay prior to the output of each character. If an intercharacter delay is specified, each
“SEND CHARACTER” block shown in the flowchart on page 51 is expanded to
reflect the flowchart shown below.

When the Xon-Xoff handshake is being used, the second parameter specifies the Xoff
trigger character(s).

In enquire/acknowledge handshake mode, the second parameter of the Set Extended
Output and Handshake Mode identifies an immediate response string which is

transmitted in accordance with the conditions established by either Set Handshake
Mode I or Mode 2 as diagrammed in the flowchart on page 51.

SEND ESC.N

CHARACTER

T

START
CHARACTER
DELAY TIMER

OuUTPUT
CHARACTER

Character Delay Flowchart
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Using The Handshake Modes

The Set Extended Output and Handshake Mode instruction establishes a procedure in
conjunction with Set Handshake Mode |1 or Mode 2 that can be followed to permit
blocks of graphic instructions to be transferred from the host computer to the input
buffer of the plotter. This instruction can also be used to inject a 0 to 10 second
(approximate) delay prior to each character that is output from the plotter.

The following example and figure illustrate the use of the Set Extended Output and
Handshake Mode instruction. The plotter is asked to accept a specified size data block.
After a specified turnaround delay and a specified output character delay, the plotter
acknowledges.

First, the Set Output Mode instruction is sent to specify a two second turnaround
delay with default values for Output Trigger, Echo Terminator, and Output Terminator
as follows:

Procedure

Send @ Q @ @ @ @ @ @ Set Output Mode instruc-

tion with parameters.
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Second, the Set Handshake Mode 2 instruction is sent to specify data block size, hand-
shake enable, and handshake string characters.

Procedure

Send @ @ @ Set Handshake Mode 2

instruction.

@ Data block byte size.
@ Delimiter.

@ Handshake enable; decimal
equivalent of ASCII char-
acter ENQ.

@ Delimiter.
@ @ @ @ @ Handshake string; decimal

equivalent of ASCII char-
acters GO.

@ Terminator.

55
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Next, the Set Extended Output and Handshake Mode instruction is sent to specify a
five second delay prior to each plotter output character and also the immediate
response string.

Procedure

Send @ @ @ Set Extended Output and

Handshake Mode instruc-
tion.

@ @ @ @ Plotter intercharacter

delay.

@ Delimiter.
@ @ Immediate response string;

decimal equivalent of ASCII
character DC3.

@ Terminator.

Then, as shown in the figure, the plotter is asked to check its buffer space and transmit
the immediate response string, followed by the handshake string when the buffer can
accommodate a data block. Note that the immediate response character output is
delayed a total of seven seconds, two seconds as specified in the Set Output Mode
instruction and five seconds as specified by the Set Extended Output and Handshake
Mode instruction. Also, note that each subsequent output character is delayed five
seconds as specified by the Set Extended Output and Handshake Mode instruction.

Procedure

Send Keyboard equivalent of the

ASCII character ENQ.
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Result

Plotter transmits DC3 indicating “wait” followed by GO indicating buffer has space for
a data block of 80 bytes. The handshake procedure has been completed and the host
computer can now send a data block.

DO YOU HAVE BUFFER SPACE FOR 80 BYTES

“ENQ”
(HANDSHAKE ENABLE)

I'M CHECKING BUFFER SPACE: PLEASE WAIT

7 SECOND DELAYED “DC3"
{IMMEDIATE CHARACTER) 3
HOST PLOTTER
COMPUTER

| NOW HAVE ROOM FOR 80 BYTES

2 SECOND DELAYED "G’ 2 SECOND DELAYED “O*"
{(HANDSHAKE STRING)

SENDS UP TO 80 BYTE DATA BLOCK

Example Of The Set Extended Output And Handshake Mode

NOTE
The delay injected prior to the output of each character
can be used to compensate for those computers that
cannot process output data as fast as the data is
normally sent by the plotter.
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ESC. @

Set Plotter

Configuration Instruction

) () (@) [roeenr (§) woeen] ()

<DEC>

<ASC>

DEFAULT

the same as

the same;a,s

Set maximum buffer size (0 to 9999 characters).
Default: Maximum actual buffer in the plotter.

Set configuration options character — ASCII decimal (0-15), the
equivalent of a 4-bit word. ASCII decimals 0-127 will be accepted.
However, the three most significant bits of the binary equivalent are
not used.

Default: Initialized only at plotter power-on. Bit 0 and bit 1 deter-
mined by position of MODEM/HARDWIRE switch: MODEM =
0, HARDWIRE =1, Bit 2 and bit 3 =0.

- ®©O@O0 &
EBOE@OOOOOO «

MODEM/HARDWIRE switch is set to MODEM, and is

kclelclolololololok

MODEM/HARDWIRE switch is set to HARDWIRE.
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General Description

The Set Plotter Configuration instruction is used to establish different configuration
options. These configuration options are determined by two parameters. The first
parameter specifies a maximum available buffer size. The second parameter specifies
four binary bits as desired to establish Hardwire Handshake, Enable Data Trans-
mission, Data Indicator and Monitor Mode options.

The 1nitialized state of the second parameter is set only at plotter power-on, and the
state of bit 0 and bit 1 is determined by the position of the MODEM/HARDWIRE
switch. If the MODEM switch position is selected, all four bits will be initialized to 0.
If the HARDWIRE switch position is selected, bits 0 and 1 will be set to 1 and bits 2
and 3 will be set to 0. Subsequent states for these four bits can only be changed
programmatically.

The first parameter of this instruction sets the apparent maximum buffer size. The
actual buffer size and space are unchanged, but the plotter’s response to an output
request for buffer size or buffer space is restricted to a value equal to or less than the
value specified by the first parameter of this instruction. The second parameter estab-
lishes configuration options as defined by the bit pattern described in the following
paragraphs and summarized in the table which follows.

59
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ESC. @

Hardwire Handshake (Bit 0)

In a hardwired environment, where the RS-232-C Data Terminal Ready (CD pin 20)
control line is not normally used for protocol purposes, bit 0 of the Set Plotter
Configuration instruction can be used in lieu of the Set Handshake Mode instructions

@ @ @ @ @@ and @ @ @ to establish a “Buffer

Available Flag.” Handshaking is accomplished when the host computer monitors the
“high” or “low” state of control line (CD). While this configuration option is active, the
plotter sets control line (CD) “high” when the existing buffer space is > = the current
data block size. The default block size for this configuration option is 80 bytes, as

established by the @ @ @ or @ @ @ instruction. The Hardwire

Handshake option is normally used in conjunction with the Enable Data Transmission
option described in the following paragraph.

Enable Data Transmission (Bit 1)

This configuration option will normally be used in a hardwired environment (no
modems) to enable data transmission on the Transmitted Data (BA) and Received
Data (BB) lines that is independent of conditions normally required by control line
protocol. This configuration allows the plotter to be operated in a 3-wire hookup in
which the only lines present are Transmitted Data (BA), Received Data (BB), and
ground.

Data Indicator (Bit 2)

This data indicator is available when the plotter is programmed “on” in an On-Line
Mode. When bit 2 is turned on (set to 1), on the front panel of the plotter the light in

will flash if a character has been sent to the plotter within the last one-quarter

second. This option is intended as a debugging aid in programming. (See the table.)
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Monitor Mode (Bit 3)

The Monitor Mode is available only when the plotter is programmed “on” in the
On-Line Mode, and when active, allows all data that is received or transmitted by the
plotter to be displayed on the terminal. This configuration option is primarily intended
to be used as a “debugging” aid for program development. Since operating environ-
ments vary, data are transmitted to the terminal in different ways as follows: (1) all
data which are sent to the MODEM connector from the computer are also seen at the
TERMINAL connector; (2) all plotter output responses are sent to both the computer
and terminal if the DUPLEX switches on the plotter and terminal are set to HALF;
and (3) when the computer is working in an echo-plex environment and the DUPLEX
switches on the plotter and terminal are set to FULL, all plotter output responses are
echoed from the computer, through the plotter, to the terminal. “Echo-plex environ-
ment” 1s one in which data received from the sending device are “echoed™ backed to the

sending device. All data that the terminal sends to the plotter, except “break.” are
ignored while the Monitor Mode is active. ESC. @

Set Configuration Options Bit Definition

Bit No. Logic State Description

Hardwire Handshake

0 0 (off) Sets RS-232-C Data Terminal Ready (CD) control
line to high (on) at MODEM connector as required
for normal control line protocol.

1 (on) Establishes “Buffer Available Flag” at MODEM
connector on RS-232-C Data Terminal Ready (CD)
control line, where CD is not normally used in a
hardwired environment. CD is set high (on) if
buffer space == current block size. The block size is
established by the Set Handshake Mode 1 or Mode
2 instructions, and unless otherwise specified, the
block size will default to 80 bytes when bit 0 of this
instruction is set to 1 or if the MODEM/HARD-
WIRE switch was set to HARDWIRE at plotter
power-up. CD is set low (off) if buffer space <
current block size.
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ESC. @

Set Configuration Options Bit Definition (Continued)

Bit No.

Logic State

Description

0 (off)

|1 (on)

Enable Data Transmission
Implements “Disable Data Transmission.” Normal
control line protocol must be observed in order for
data transmission to occur.

Enables data transmission that is independent of the
RS-232-C Data Set Ready (CC) and Clear To Send
(CB) control line conditions.

0 (off)

| (on)

Ongoing Communications Indicator
Allows indicator lamp in to be lit only when
the plotter is in Standby Mode.

Causes indicator lamp in to flash if a character

has been sent to the plotter within the last 1/4
second. This visual indication that data is being sent
to the plotter is available only when programmed
“on” in the On-Line or Local Mode.

0 (off)

I (on)

Monitor Mode
Allows plotter to operate normally, as specified for
the On-Line programmed “on” mode.

Enables all data that are received or transmitted by
the plotter to be viewed on the terminal. This is
called Monitor Mode and is active only when the
plotter is programmed “on” in the On-Line Mode.
All data which the terminal sends to the plotter
(except “break”) are ignored while in Monitor Mode.
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Abort Device Control Instruction

OO

Description

This instruction aborts any device control instructions that may be partially decoded
or executed. Unspecified parameters of partial instructions are defaulted. All pending
or partially transmitted output requests are immediately terminated including handshake
and output instructions. Intermediate output operations, such as turnaround delay and
echo suppression, are aborted and buffer input is enabled. Only the specified execution
of an output operation is aborted. The handshake and output modes remain as

specified.

Abort Graphic Instruction ESC .J,

@@@ ESC.K

Description

This instruction aborts any partially decoded graphic instructions but permits instruc-
tions being executed to finish. All pending graphic instructions in the buffer are
discarded, leaving the buffer empty. The currently executing vector is allowed to be
completed; however, all other scheduled vectors are aborted.

NOTE
This condition is most obvious when executing Label,
Arc, and Circle instructions or plotting with a dashed
line type.
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ESC.L

Output Group Instructions

Output Buffer Size Instruction

OO

Response:

<bytes>

Response Description:

<bytes>  Number of bytes allocated to buffer use; 928 bytes, if the buffer size
has not been changed by an ESC . @ instruction.

Description

The response will not be transmitted until the buffer is empty and ready to start another
graphic instruction.

NOTE
The plotter’s buffer may be expanded with a 2K buffer
expansion option. This will change the response to 2976
bytes unless an ESC . @ instruction was previously
executed in which case the response will equal the
buffer size specified by the ESC . @ instruction.
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Output Buffer Space Instruction

&HOE

Response:

<bytes>

Response Description:

<bytes> Number of bytes of buffer space that are currently available for

storing received graphic instructions (0 to 928 bytes or 0 to 2976
bytes with expanded buffer). 3

Description ESC.B

The response is the number of currently available bytes in the buffer and equals the

buffer size minus the number of bytes occupied by the graph instructions yet to be
executed.
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ESC.E

Output Extended Error Instruction

©0OG®

Response:

<DEC>

Response Description:

<DEC> A zero or decimal number of 10 through 16 indicating the type of
RS-232-C related error that has occurred.

Description

A zero response indicated that no RS-232-C related error has occurred. If the plotter

ERROR light is on and an @ @ @ instruction results in a response of 0,

HP-GL instruction OE should be executed to determine what type of graphic in-
struction error has occurred. (Refer to Chapter 9 for a complete description of this OE

instruction and related graphic error indicators.)

A decimal 10 through 16 response indicates that some type of RS-232-C related instruc-
tion error has occurred. Refer to the following table for a listing of these error in-

dicators and their meanings.
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Table of Error Indicators

Type

Description

10

11

12

13

14

15

16

Output instruction received while another output instruction is execut-
ing. The original output instruction will continue normally while the
one in error will be ignored.

Invalid byte received following the @ @ in a device control in-

struction.

Invalid byte received while parsing a device control instruction. The
device control parameters from the parameter where the invalid byte
was received to the end of the instruction will be defaulted. The invalid
byte will then be parsed.

Parameter out-of-range (too big, too small, or an iliegal value).

Too many parameters received for a device control instruction. Addi-
tional parameters beyond the proper number are ignored and the
parsing of the device control instruction ends when a colon (normal
exit) or the first byte of another instruction is received (abnormal exit).

NOTE
The receipt of something other than another
parameter, a semicolon, or a colon will result
in an error type 12 overwriting error type 14,

A transmission error has been detected. These are errors generated by
the Universal Asynchronous Receiver/ Transmitter (UART) (framing
error, parity error, or overrun error).

The input buffer memory has overflowed. This indicates improper hand-
shaking. As a result of the overflow, one byte of data has been lost and
therefore eventually an HP-GL error will probably occur.
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Output Extended Status

OO

Response:

<status>

Response Description:

<status> Decimal equivalent of a status word response in the range of 0 to 7.

Description

This instruction response provides the status of the 7220T paper advance option usin
ESC.O p p pap p g

the bit pattern listed in the bit definition and description table that follows. When the
instruction is sent to the 7220C, 0 is always 0, and the plotter will respond with a 6 or 2.

NOTE

This instruction can be used at the beginning of a plot-
ting sequence to determine if a paper advance operation
is necessary and feasible before plotting commences
and to check for an out-of-paper condition resulting
from the paper advance. When requesting Output Ex-
tended Status after a paper advance operation, it is
necessary to ensure that the paper advance instruction
is actually executed before requesting the extended
status. The following sequence suggests one way to
accomplish this.

Send ESC.L Not executed until buffe_r is empty. All HP-GL instructions will
have been executed.

ESC.O Bit 2 (paper advance instruction status) reset to 0. Test to see if
paper has been written on and roll paper loaded. Even response
means roll paper not loaded. Response of 3 or 7 means paper has
been written on.

AF,; HP-GL instruction that will cause a full page paper advance if
paper is present.



Device Control Instructions 69

ESC.O Look for a response of 5 (bits 0 and 2 set to 1) indicating paper
advance completed. If response is 1 (bit 2 set to 0), execute a second
ESC . O to assume sufficient time has elapsed for the paper
advance instruction to be completed.

Output Extended Status Response Bit Definition And Description

Bit No. Logic State Description
0 0 Paper advance “off” (roll paper is not loaded —
7220T).
1 Paper advance “on” (roll paper is loaded — 7220T).
1 0 Set only after an advance has happened and “paper”
is sensed.

ESC.O

1 Current page not clean. Set under the following
conditions:

a. At plotter power-on.

b. Each time pen is moved with the pen down.

k]

c. Each time “no paper” is sensed after a front

panel paper advance.

d. Each time “no paper” is sensed before a pro-
grammatic paper advance attempt or after a
programmatic paper advance.

2 0 Indicates no paper advance instruction was com-
pleted or executed since the last ESC . O instruction
(ie., no AF, AH, PG or PGI1 has been executed).
This bit is reset to 0 by the ESC . O instruction.

1 Indicates that a paper advance instruction has been
executed/completed (AH, AF, PG or PG1).
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Chapter 4

General Programming Instructions

This chapter introduces the 7220 plotter’s HP-GL (Hewlett-Packard Graphics Language)
instruction set and defines parameter ranges and the instruction syntax that is used
throughout the manual. General instructions that establish default and initialize
parameters are also defined.
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The 7220 HP-GL Instruction Set

The Hewlett-Packard Graphic Language (HP-GL) instruction set for the 7220 plotter
consists of 50 instructions which fall into 9 basic groups. A command is defined as an
instruction followed by its parameter field and a terminator shown in the following
example:

COMMAND
A,

r ]

PARAMETER FIELD

INSTRUCTION \ l /

TERMINATOR

NOTE
In addition to these 47 HP-GL instructions, three more
HP-GL instructions unique to the 7220T are described
in Chapter 11 of this manual. These instructions con-

trol paper advance and cutting operations associated
with the 7220T.

Each instruction is a two-letter mnemonic which can be either upper or lower case. The
parameter field can be of three types:

1. Integer Format: Free field integers maximum range is —32767 and +32767,
parameters of some instructions are limited to a narrower range. If no sign is
specified, the parameter is assumed to be positive. All decimal fractions are
truncated.

2. Decimal Format: Numbers between £127.999 with an optional decimal point.
Fractional inputs between —0.004 and +0.004 are interpreted as zero. If no
sign is specified, the parameter is assumed to be positive.

3. Label Fields: Any combination of text, expressions, or string variables. Refer
to the “Label Instruction LB” in Chapter 8 for a complete description.

A terminator must be sent at the end of the parameter field for all instructions. For all
instructions, except LB, the terminator must be a semicolon. The syntax used

throughout this manual is @

The Label instruction LB requires a special terminator (see Chapter 8, “Lettering™).
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Certain instructions (such as PA or PR) may have multiple parameters. These parameters
must be separated by commas or spaces and must conform to a particular syntax. The
syntax is listed under the respective instruction definition in the following chapters and
will take the general form:

XX Parameters (,Parameters)

INSTRUCTION ——j—

-I-———— TERMINATOR

OPTIONAL PARAMETERS

The following string of HP-GL instructions, when sent to the plotter, will cause a
square to be drawn as shown below.

5000,6000 6000,6000

START\‘ﬁ

5000,5000 6000,5000

Steps:
1. The IN instruction initializes the plotter.
2. The SP instruction selects pen S.

3. The PA sends the pen to the absolute plotter position of X = 5000, Y = 5000.

4. The PD instruction puts the pen down.

5. The string of PR instruction pairs (0,1000,1000,0 etc.) moves the pen to the
respective absolute plotter coordinates X = 5000, Y = 6000, X = 6000, Y = 6000,
X = 6000, Y = 5000 and finally X = 5000, Y = 5000.

6. The SPO instruction puts the pen away.
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Note the use of the terminator

between commands. The terminator is necessary

at the end of the parameter field even though no further commands follow. The HP-GL
instruction set for the 7220 plotter is summarized in the following table.

Plotter Instruction Set

Instruction

Definition

VECTOR GROUP

PA  x,y(x.¥(...))
PD
PR x,y(,x,(...))
PU

CHARACTER GROUP

CA n

CP spaces, lines
CS m

DI  run, rise

DR run, rise

DT t

LB c..c

SA

SI  width, height
SL tan#

SR width, height
SS

UC (pen,)x,y,pen(,x,y)(,....)

LINE TYPE GROUP
LT ()
SM ¢
SpP
VA
VN
VS  v(,n)

DIGITIZE GROUP
DC
DP
oD

Plot absolute
Pen down
Plot relative
Pen up

Designate alternate set n
Character plot

Designate standard set m
Absolute direction

Relative direction

Define terminator t

Label ASCII string

Select alternate character set
Absolute character size
Absolute character slant (from vertical)
Relative character size
Select standard character set
User defined character

Designate line type and length
Symbol mode

Select pen

Adaptive velocity

Normal velocity

Select velocity v for pen n

Digitize clear
Digitize point
Output digitized point & pen status
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Plotter Instruction Set (Continued)

Instruction Definition
AXES GROUP
TL tp(.tn) Tick length
XT X-axis tick
YT Y-axis tick

SET-UP GROUP

IP  PIx,Ply,P2x.P2y Input Pl and P2
IW  Xlo,Ylo,Xhi, Yhi Input window

OoP Output Pl and P2
SC  Xmin,Xmax,Ymin, Ymax Scale

CONFIGURATION AND STATUS GROUP

AP Automatic pen pickup

DF Set default values

IM  e(.s(,p)) Input e, s, and p masks

IN Initialize

OA Output actual position and pen status
oC Output commanded position & pen status
OE Output error

OF Output factors

Ol Output identification

6]¢) Output options

OS Output status

CIRCLE GROUP

AA x.y, arc angle (.chord angle) Arc absolute
AR x.y, arc angle (.chord angle) Arc relative
Cl radius (,chord angle) Circle

PAPER ADVANCE GROUP -7220T ONLY

AF or PG or PG1 Advance full page
AH Advance half page
EC Enable cutter
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The following two commands set the plotter to a predefined state.

The Default Instruction DF
The Default instruction DF sets certain plotter functions to a predefined state.
Syntax:

No parameters are used. However, the terminator @ must be included to complete

the command.

A DF command sets the following plotter functions to the conditions shown:

Default Conditions

Function Conditions
Relative character direction Horizontal (DR1,0)
Line type Solid line
DF Line pattern length 49 of the distance from P1 to P2
Input window Mechanical limits of plotter 0,0,16000,11400
Relative character size Width = 0.75% of |P2x—P1x|,
Height = 1.59% of |P2y—Ply|
Automatic pen pickup on
Pen velocity 36 cm/s
Adaptive pen velocity off
Symbol mode off
Tick length tp = tn = 0.5% of |P2x—P1x| for Y-tick and
0.5% of |P2y~Ply| for X-tick
Standard character set Set 0
Alternate character set Set 0
Character slant r
Mask value 223
Digitize clear on
Scaling off
Label terminator ETX

In addition, P1 and P2 are not changed and the current pen location is not changed.
The state of the cutter and the status of the paper check bit are not changed on the 7220T.
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The Initialize Instruction IN

The Initialize instruction IN returns the plotter to the initial power-on state under
program control.

Syntax:

No parameters are used. However, the terminator @ must be included to complete

the command.

The Initialize command sets the plotter to the same conditions as the Default
command and sets these additional conditions.

The pen is moved to the lower right corner of the platen.

The scaling points P1 and P2 are set to the points P1 = (520, 380) and P2 = (15720,
10380) on the 7220C or the 7220T with sheet paper loaded. For the 7220T with
roll paper loaded the settings are P1 = (520, 1020), P2 = (15760, 11180) in English
mode and P1 = (520, 1140), P2 = (15720, 11140) in metric mode.

IN

All errors are cleared and bit position 3 of the output status word is set true (1).

The cutter is enabled and the paper check bit is set to 1 on the 7220T.
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Chapter 5

Scaling

This chapter describes the plotting area, plotter and user units, and the instructions that
enable you to scale the plotting area into user units. Procedures for setting the scaling
points manually and programmatically are described. The following instructions are
included in this chapter:

Input Pl and P2 (IP)
Output Pl and P2 (OP)
Scale (SC)

A discussion of scaling without using the SC command is contained in the appendix.

The Plotting Area

The absolute plotting area is established by the mechanical limits of pen motion while
the pen is down. This plotting area is part of the platen area, the platen being the white
flat surface area of the plotter. The physical size of the plotting area on the platen is
285 X 400 mm (11.2 X 15.75 in.). The plotting area is divided into plotter units where
one plotter unit = 0.025 mm (0.001 in.).

The absolute plotting area is shown below (the coordinates of the mechanical limits are
shown in absolute plotter units).

(0,11400} (16000,11400)
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When the plotter 1s initialized by power-up, front panel controls, or use of the IN
instruction, scaling points P1 and P2 are set, as shown in the following table.

Plotter P1x,P1y P2x,P2y

7220C or 7220T, no paper or sheet paper 520,380 15720,10380
7220T, roll paper loaded, paper switch set to metric 520,1140 15720,11140

7220T, roll paper loaded, paper switch set to English 520,1020 15760,11180

User Units

The size of a user unit is determined by the parameters of the Scale instruction (SC)
and the setting of the scaling points, P1 and P2. The scaling point P1 is assigned the
value Xmin, Ymin, while the scaling point P2 is assigned the value Xmax, Ymax. The
larger the range of parameters in an SC command and the closer together the scaling
points, the smaller the size of a user unit. The total plotting area (including not only the
platen area, but also “nearby” and “faraway” areas described under the PA command
in Chapter 6) is scaled into units of this size. Thus, if P1 is not 0,0 plotter units, and/or
P2 is not 16000,11400 it is possible to physically plot to a point outside the rectangle
defined by P1 and P2.

In the following illustration, the scaling points are set to 4600,2450 and 11600,6650.
Assigning a value of 0,0 to Pl and 10,10 to P2, the platen is divided into user units as
shown below. The minimum value that can be plotted on the platen surface is —6,—5
and the maximum value is 16,21. Notice that a user unit is not necessarily the same size
on the X-axis as it is on the Y-axis and that the scaled area extends beyond the
rectangle established by Pl and P2.

(16,21)
USER UNITS

* {(11600,6650)
PLOTTER UNITS

{10,10)
USER UNITS

(0,0) USER UNITS

(4600,2450)
PLOTTER UNITS -

(-6,-5)
«USER UNITS

(0,0) PLOTTER UNITS
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Setting The Scaling Points Using Front Panel Controls

Scaling points may be set using front panel controls and . When the

plotter is turned on, default scaling points are set as described earlier in this chapter.
The default scaling points for the 7220C or 7220T with roll paper loaded are shown in
the following illustrations.

Scaling points can be relocated using plotter front panel controls as follows:

Position the pen at the new location using @ @

When the pen is at tllle desired location, press and either or according to

the point that is to bg located there.
Pl and P2 as set by the plotter front panel controls do not need to have a true lower

left/upper right relationship. They may occupy opposite corners of any desired plotting
area. Refer to the following examples for clarification:

P2 SET BY FRONT TRUE UPPER RIGHT
PANEL CONTR )LS\._ _________ ,/

I |
| [
| |
| |
I |
I I
TRUE LOWER LEFT | I P1 SET BY FRONT
\ _________ / PANEL CONTROLS
r———-——-——- '9\
[ P1 SET BY FRONT

PANEL CONTROLS
(TRUE UPPER RIGHT)

P2 SET BY FR )NT/-

PANEL CONTROLS
(TRUE LOWER LEFT)

Scaling points may also be set programmatically by executing an IP instruction as
described in the next section.
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82 Scaling

The Input P1 And P2 Instruction IP

The Input P1 and P2 instruction IP relocates the scaling points P1 and P2 through
program control.

Syntax:

i Plx,Ply,P2x,P2y @

The new coordinates of P1 and P2 are specified in the order shown above, must be in
absolute plotter units, and also within platen maximum range X = 0,16000, Y = 0,11400.

Upon receipt of a valid IP command, bit position | of the output status word is set

the following table:

Plotter Pi1x,Ply P2x,P2y

7220C or 7220T, no paper or sheet paper 520,380 15720,10380
7220T, roll paper loaded, paper switch set to metric 520,1140 15720,11140

7220T, roll paper loaded, paper switch set to English 520,1020 15760,11180

Upon initialization, character size is set relative (SR) to the locations of Pl and P2.
Unless an SI command has been entered as part of the program, the character size will
be directly affected by the IP command.

The following example relocates the scaling points P1 and P2 to the positions shown
on the figure.

P11y Ply P2y P2y

RN g

P2@
(8000,7000)

P1@
(3000,2000)
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The Output P1 And P2 Instruction OP

The Output Pl and P2 instruction OP makes the current coordinates of the scaling
points P1 and P2 (in absolute plotter units) available for output to the computer.

Syntax:

No parameters are used. However, the terminator @ must be included to complete
the command.

When requested, the coordinates will be output as four ASCII integers as follows:
Pix, Ply, P2x, P2y CR*

Upon completion of output, bit position 1 of the output status word is cleared.

0]

*Default output terminator is CR. The terminator defined by the ESC . M command currently in effect
will be used.
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The Scale Instruction SC

The Scale instruction SC assigns user unit values to scaling points P1 and P2, and thus
maps user units onto the whole plotting area.

Syntax:
= Xmin, Xmax, Ymin, Ymax @

An SC command with no parameters ( ) returns the plotter to unscaled mode in

which parameters of plot commands are interpreted as absolute plotter units.

When parameters are used, all four parameters are required and must be integers in the
range +16383. Xmax must be greater than Xmin and Ymax greater than Ymin. The
Xmin, Ymin values are assigned to the scaling point P1 and the Xmax,Ymax values are
assigned to the scaling point P2. Execution of an SC command with valid parameters
places the plotter in scaled mode in which parameters of plot commands are interpreted
as user units,

The whole plotting area, including the platen area, and the nearby and faraway areas
beyond the platen (see “Plot Absolute Instruction PA,” Chapter 6), are scaled into user
units. Thus, scaling extends beyond the rectangle established by P1 and P2. The size of
a user unit depends on both the range of the scaling parameters and the X- or Y-
distance between P1 and P2. The illustration below shows the absolute plotting area (mechanical
limits) which results from the following statements.

PLATEN
® @ 16000,11400
‘— 100,100 0,100 100,100 | ABSOLUTE
USER UNITS USER UNITS USER UNITS | PLOTTER
UNITS
16000,5710
ABSOLUTE
PLOTTER UNITS
-100,0 8000,0
USER UNITS ABSOLUTE 16000,0
0,0 ABSOLUTE PLOTTER ABSOLUTE
PLOTTER UNITS UNITS PLOTTER
o UNITS
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Let us now assume we have scaled an area of the platen into 25 X 18 user units. With
integer scaling, plotting is only possible to coordinates with integer values. It is only
possible to plot to a finite number of points on the platen, in the current example
26 X 19 (X-coordinates 0 to 25, Y-coordinates 0 to 18). You cannot draw to the location
2.2,3.7; the line must be drawn to 2,3 or 2,4. When trying to plot functions where the
fractional portion of the function’s value is significant, truncation or rounding that is
performed to send integer values as parameters of plot commands produces some
unexpected and unsatisfactory results. The following two programs illustrate the
problem and its solution.

The first program is an attempt to draw a circle in the center of the plotting area. The
constants, 12.5 and 9, in lines 3 and 4 center the circle in the plotting area. Since line 5
must be formatted to send integer values, significant fractional parts are lost, and the
result is an undiscernable plot. The scaling 0 to 25, and 0 to 18 does not allow plotting
to enough points, and results in a circle of poor resolution.

LINE 1. @+ . Limirmbl
®LINE 2. FORT=0TOQ 2*P!I STEP PI/20
@LINE 3. X=25*COS(M)+125
BLINE 4. Y=25*SIN(T)+9
*LINE 5. F1 X, Ys i
BLINE 6. NEXT

LINE 7. ki

SC

@BASIC Statement. Do not send to plotter.

* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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In the second example, a constant of 1000 is used in both the scaling and the values of
X and Y. Note the constants that center the circle have changed to correspond with the
SC command (lines 3 and 4). The use of the multiplier 1000 solves the resolution
problem.

LINE 1. .
BLINE 2. FORT=0TO 2*PI STEP P1/20
BLINE 3. X=2.5*1000*COS(T)+8000
BLINE 4. Y=2.5*1000*SIN(T)+8000
BLINE 6. NEXTT

LINE 7. =

Notice that the plot is not a perfect circle. This is a result of the aspect ratio of the
plotter (P1x—P2x| # |P1y—P2y|) and the parameters of the SC command. In the
preceding example, which has been slightly reduced, Pl and P2 were the default values
for a 7220C or a 7220T without roll paper.

SC

There are two ways to compensate for this distortion. The first is to define P1 and P2
so that the plotting area is square and scale the area alike in X and Y.

BBASIC Statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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LINE I. :
LINE 2. =
BLINE 3. FORT=0TO 2*PI STEP PI/20

BLINE 4. X=25*1000*COS(T)+8000
BLINE 5. Y=2 5*1000*SIN(T)+8000
*LINE 6. =i X, Y=
BLINE 7. NEXTT
LINE 8.

We now plot a perfect circle.

The second method of solution is to use any scaling points, but compensate for

the aspect ratio either in the Scaling instruction, or the calculation of the variables X SC
and Y.
Program 1

LINE 1. Line 1 sets P1 and P2.

LINE 2. = Line 2 — 1 scaled unit = 10

plotter units.

BLINE 3. FORT=0TO 2*PI STEP PI/20

BLINE 4, X=100*COS(T)+760 Offsets 760 and 500 in lines 4
and 5 center circle in plotting
area.

BLINE 5. Y= 100*S|N(T)+5OO

* LINE 6 :: .ZZ:.

BLINE 7. NEXTT

LINE 8.

EBASIC Statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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If the Scale command sets an equal number of user units in the X- and Y-axes, the
values of X or Y must be adjusted to correspond with the aspect ratio when the
plotting area is not square. Both programs plot the same circle, but the pen used is

differently. .
Program 2 o
LINE [. iii; Line 1 sets default P1 and P2 so
|[P1x—P2x| = 15200
|P1y—P2y| = 10000
LINE 2.

BLINE 3. FORT= O TO 2* Pl STEP PI/ZO

BLINE 4. X=6578947*COS(T)+500

BLINE 5. Y=100* SIN(T)+5OO 10000/ 15200 = 65.78947/100
*LINE 6. -+ X, Yiii

ELINE 7. NEXT T

LINE 8.

Changing P1 and P2 with an IP command can move the plot to a different area of the
platen and can change the plot size. If geometrically accurate plots are desired, it is
always necessary to adjust for a new P1 and P2 by changing the Scale (SC) command,
or by scaling the values of X and Y with a multiplier. The following listing plots a
small circle in the lower-left-hand corner of the platen.

MBASIC Statement. Do not send to plotter,
* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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LINE 1. !

LINE 2. = :
BLINE 3. FORT=0TO 2*PI STEP PI/20
@LINE 4. X=25*1000*COS(T)+8000
BLINE 5. Y=25%1000*SIN(T)+8000
* LINE 6. % X, Yy &0
HLINE 7. NEXTT

LINE 8. =iz

PLATEN

P2 (3000,3000)

]

16000 |

USER UNITS |
I

1

P1(0,0)

16000 USER UNITS

Algebraic formulas may be used to convert from user to plotter units. Some users may
wish to do this to compute desired window parameters without using output commands,
to cope with non-integer data where it is difficult to figure a convenient multiplier, or
to enable use of user units beyond the limits £16384. This method of scaling is covered SC

in the appendix of this manual.

BBASIC Statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the

plotter.
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Chapter 6

Plotting

This chapter describes the HP-GL instructions that enable you to control the pen and
to perform all plotting movements. Plotting moves can be made to an absolute set of
coordinates, or relative to the given pen position with any of the 8 pens. In addition,
you can raise or lower the pen before or after the move and control the pen-down
velocity. Plotting moves can be specified in absolute plotter units (when no Scale instruc-
tion has been executed) or user-defined integer units (when a Scale instruction has been
executed).

The Pen Select Instruction SP

The Pen Select instruction SP selects a pen through program control.

Syntax:

* pen stall number@

The pen stall number should be an integer in the range of 0 through 8. Decimal frac-
tions are truncated. SP commands with integer pen numbers < 0 or > 8 are ignored.
When the command SP is executed, the pen arm raises the pen it is currently holding
(if any) and returns it to the position from which it was originally fetched. The new pen
designated by the SP command is then fetched and the pen arm returns to its last
position prior to the SP command.

A pen stall number of 0 or no parameter directs the pen arm to return the pen it is
currently holding to its stall, then the pen arm returns to its last position prior to the
SP command.

If the specified pen stall is empty, or if all of the pen stalls are full and there is a pen in
the arm, then no pen change occurs.

If the stall from which the pen was originally fetched has since become occupied, the
currently held pen is placed in the lowest numbered vacant stall.

Plotter front panel select controls can override the program command.
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The Pen Instructions PU And PD

The Pen Up instruction PU raises the pen without moving it to a new location. The
Pen Down instruction PD lowers the pen without moving it to a new location.

Syntax:

¥o

or

Neither instruction requires or permits any parameters. Both instructions require the
terminator to complete the command. Front panel pushbuttons on the plotter

will override these commands.

The following string of HP-GL instructions, when sent to the plotter, will cause a
triangle to be drawn with pen 4 as follows:

6000, 6000

2000, 2000 10000, 2000
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The Plot Absolute Instruction PA

The Plot Absolute instruction PA moves the pen to the point specified in plotter or
user units by the X- and Y-coordinate parameters that complete the command.

Syntax:

= X coordinate, Y, coordinate (, X, coordinate, Y, coordinate, . .., ...,
Xn coordinate, Y, coordinate) @

A PA command requires that both the X-and Y-coordinates be specified (coordinate
pair). The X-coordinate parameter specifies the absolute X location in plotter units to
which the pen is to move. The Y-coordinate parameter specifies the absolute Y location
in plotter units to which the pen will move.

Any number of coordinate pairs, separated by commas or spaces, can be listed after the
PA instruction. The pen will move to each point in the order given.

Using the PU or PD instruction, a pen control command can be placed before or after
the PA command, raising (PU) or lowering (PD) the pen. If no pen control command
is specified, the pen will assume the pen state (pen up or pen down) of the previous
statement.

Plotting is done only within the currently defined “window” area on the platen. Refer
to “Input Window Instruction IW,” Chapter 9 for further information.

If the point specified by a PA command lies off the platen surface but within the
“nearby” area: a line is drawn to the platen limit; the pen is raised; the OUT OF
LIMIT light will turn on. The pen remains raised until a point on the platen is
specified.

If the point lies off the platen and in the “faraway” area, the OUT OF LIMIT light will
blink, but the pen will not move from its present position in the plotting area.
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The following figure identifies the absolute plotter unit limits of “nearby” and *“faraway”
areas. In the figure, the platen area is lightly shaded and the “nearby” area is shaded
darker. The “faraway” area is white.

- 4PLATEN WIDTHS .| “FARAWAY"
| (32767,32767)

}

6 PLATEN
HEIGHTS

(-32767,-32767)
"FARAWAY"

n Scaling Off

PA
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When scaling is on, “nearby” and “faraway” areas change considerably as can be seen
in the following diagram. When scaling is on, a point is “faraway” if any parameter is
more negative than —16383 or greater than +16383, or if its plotter unit equivalent is
not between +16383.

“FARAWAY" (16383,16383)
16383,16383 USER UNITS (17000,17000)
{16000,16000) /USER UNITS
USER UNITS
{16000, 1
11400) “FARAWAY’

'MECHANICAL
LIMITS

(-16383,-16383)
“FARAWAY "

Scaling On

The leftmost diagram represents the maximum “nearby” area when scaling is on. In
that diagram, you are limited by the plotter unit equivalents being beyond the
acceptable range. Consider, however, the rightmost diagram showing the case where P2
is set to some point in the center of the plotting area. Now, if scaling is set at 0 to 16000
on both X- and Y-axis, you will be in the “faraway” area if you plot the point 17000,
17000, yet that would lie within the platen area.

“Faraway” is that area in which the plotter is in its lost state. Another way of describ-
ing it is to say the coordinates are out-of-range. Coordinates within the platen area and
“nearby” area are in-range. When scaling is off, in-range coordinates are defined as
both X- and Y-parameters being integer plotting units having values in the range of
—32768 and +32767. When scaling is on, in-range coordinates must have both X- and
Y-parameters in the range of £16383 and, when converted to plotter units, must also be
in the range of £16383. When out-of-range parameters are given, the plotter will enter
its lost state. The OUT OF LIMIT light will blink. However, the ERROR light will not
turn on.
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The Plot Relative Instruction PR

The Plot Relative instruction PR moves the pen relative to its current location by the
number of plotter or user units specified by the X- and Y-parameters that complete the

command.
Syntax:

X increment, Y, increment (, X; increment, Y, increment, . .., ...,

Xn increment, Y, increment) @

Parameters are interpreted as plotter units if scaling is off and as user units if scaling

is on.

The X-increment parameter specifies the number of plotter or user units that the pen is

to move horizontally.

The Y-increment parameter specifies the number of plotter or user units that the pen is

to move vertically.

The signs of the increment parameters determine the relative direction that the pen
moves; a positive value moves the pen in a positive direction and a negative value
moves the pen in a negative direction.

Any number of coordinate pairs, separated by commas or spaces, can be listed after the
PR instruction. The pen will move relative to the previous point in the order given,

A pen control command can be placed before or after the PR command, raising (PU)
or lowering (PD) the pen. If no pen control command is specified, the pen will assume
the pen state (pen up or down) of the previous statement.

In-range coordinates with scaling off are defined as:

. Both X- and Y-parameters being integer plotter units having values between
—32768 and +32767.

2. Each succeeding X- and Y-increment, when added to the current X- and Y-
coordinate, does not exceed +32767 plotter units when referenced from the
point 0,0.
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In-range coordinates with scaling on are defined as:
[. Both X-and Y-parameters being integer user units have values between +16383.

2. Each succeeding X- and Y-increment, when added to the current X- and Y-
coordinate, 1s not less than —16383 or greater than +16383 user units, and
when converted to plotter units does not exceed +16383 plotter units when
referenced from 0, 0.

If a PR command specifies a point off the platen in the “nearby” area as described
under the PA instruction, the pen draws a line to the limit of the platen and stops with
the pen raised. The OUT OF LIMIT light turns on steady. The plotter recognizes
subsequent PR commands while in this area. If a PR command specifies a point in the
“faraway” area, the pen is raised and does not move. The OUT OF LIMIT light blinks
and the plotter does not recognize subsequent PR commands until a PA command
with valid parameters or pen movement with front panel controls moves the pen to the
“nearby” area or within the platen area.

The following string of HP-GL instructions, when sent to the plotter, will cause a
triangle to be drawn as follows:

5000, 5000

1000, 3000

1000, 1000
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Plotting With Variables

In many plotting applications it is necessary to plot using variables rather than fixed
numbers to define the X- and Y-coordinate values. The values of all HP-GL statement
parameters have the same restrictions (integer or decimals in a valid range) when sent
as variables as when sent as literals (fixed numbers). The terminators and delimiters of
HP-GL statements must be sent to the plotter too. The method of defining output
format and variable precision varies from computer to computer. Refer to your
computer manual for the appropriate format statements that may be needed in your
program.

The following example illustrates the use of variables in plotting. Quotation marks are
used by many computers to define the literal characters that are to be sent. Note the
comma in line 6 which is part of the HP-GL statement and is sent to the plotter. Here
it is sent as a literal in quotes.

LINE 1.

LINE 2. : (This statement causes the plotter to
BMLINE 3. FORT=0TO 2*PI STEP PI/20 move to the integer value defined
BLINE 4. X=15*COS(T)+5 by the X and Y variables and lower
BLINE 5. Y=15*SIN(M+3 the pen. The HP-GL mnemonics,
* LINE 6. & X0, Y - , { delimiters, and terminators are sent
BLINE 7. NEXTT as literals in quotes on some com-

LINE 8. i puters. The comma enclosed

in quotes is included here to delineate
kthe variables X and Y.

BBASIC Statement. Do not send to plotter.

* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.



Plotting 99

Three instructions in the 7220 instruction set increase the ease with which arcs and
circles can be drawn. These three instructions are the Circle instruction CI, the Arc
Absolute instruction AA, and the Arc Relative instruction AR.

The Circle Instruction CI
The Circle instruction CI draws a circle with a specified radius and chord angle.

Syntax:

CIRCLE STARTING POINT:
/7 POSITIVE RADIUS
RADIUS o

180° —— 0

CIRCLE STARTING POINT: _/‘

NEGATIVE RADIUS

CURRENT PEN POSITION
270°

The radius can be a positive or negative number in the presently defined units with the
sign defining the starting point of the circle: positive numbers start at the 0-degree
point; negative numbers start at the 180-degree point. The current pen position is the
center of the circle.

The chord angle is the angle, in degrees, through which a chord is drawn representing Cl
the shortest straight line segment along the circle. The chord angle can be a positive or
negative number. The default chord angie is 5 degrees.
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A circle is actually made up from a series of straight line segments, or chords, as shown
below:

DESIRED CIRCLE

A

CHORD

>

CHORD ANGLE

Increasing the number of chords by decreasing the chord angle generates a smoother
circle. Decreasing the chord angle, however, increases the length of time required to
draw a circle. The effect of different chord angles is shown in the following circles.

NG

45 DEGREE CHORD ANGLE 25 DEGREE CHORD ANGLE

ONe

15 DEGREE CHORD ANGLE 5 DEGREE CHORD ANGLE
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The Circle instruction does not require a Pen Down command since circles are drawn
regardless of pen status. The pen lifts (if it was down), moves to the circle starting
point, draws the circle, then returns to the center of the circle. After drawing the circle,
the pen assumes the pen status (up or down) held prior to the Circle command. The
pushbutton, if pressed and held down, will override the automatic pen down feature

of the Circle command.

Circles are drawn within the plotting area established by the Input Window instruction
IW, with clipping occurring outside the window limits. If no window has been estab-
lished through a programmed instruction, the default window is in effect.

Circles are drawn using the presently defined line type.

To demonstrate some of the features of the Circle instruction, the following HP-GL
instructions, when sent to the plotter, draw various circles with different line types,
radii, and starting points.

e ——————

,/”/—"/,/'—'\_\\\\\
ST TN,
S T ‘\-\ N N
/ //'// ~ 7 T~ \\‘\ NN
/' / . / s ~N \ \ \ \\
/ /o \ ‘ \ \

VA

L | N || \ CI
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The Circle instruction can also be used to define a series of holes that must be repeated
in a particular pattern as shown below:

LINE
LINE
LINE
BLINE
LINE
BLINE
LINE
BLINE
LINE 9.
BLINE 10. GOSUB12
BLINE I1. GOTO16
LINE 12. ¢
LINE I3
LINE 14.
LINE 15. ¢
BLINE I6.

GOSUB12

GOSUBI12

X NNk WD =

GOSUB12

O O O O

BBASIC Statement. Do not send to plotter.
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Explanation of Preceding Example

1. The IP instruction and SC instruction define the plotting area and perform
user unit scaling.

2. The SP instruction selects a pen, the PU instruction lifts the pen, and the PA
instruction moves the pen to the center of the first hold pattern.

3. GOSUBI2 sends the program to the subroutine that draws the circles.

4. The subroutine draws the pattern. First a 50-unit radius circle is drawn, followed
by a relative move of 600 units in the X direction where another 50-unit radius
circle is drawn. A move of —300 units in X and +300 units in Y locates the
center of the 250-unit radius circle. The last two 50-unit radius circles are then
located and drawn with their respective moves.

5. The RETURN statement returns the program to the next instruction in the
main program and the pattern is repeated.

CI
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The Arc Absolute Instruction AA

The Arc Absolute instruction AA draws an arc with the center point located at a
specified point and the starting point of the arc at the current pen position. The arc can
be drawn clockwise (CW) or counterclockwise (CCW), through the specified arc angle
with the chord angle optionally specified.

Syntax:
X-coordinate, Y-coordinate, arc angle (, chord angle) @
CURRENT
PEN
) POSITION ABSOLUTE X,Y
COORDINATE (ARC CENTER)
CHORD
ANGLE
ﬁ ARC ANGLE
\ ABSOLUTE XY
‘ COORDINATE
! (ARC CENTER)
CURRENT
\\ PEN POSITION

CHORD ANGLE
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The AA instruction requires that both X- and Y-coordinates be specified (coordinate
pair). They are interpreted as plotter units when scaling is off and as user units when in
scaled mode. The X- and Y-coordinates locate the center of the arc and may be located
on or off the platen. The distance from the current pen position to the specified
coordinates becomes the radius which is not therefore directly specified.

The arc angle must be specified and is the angle, in degrees, through which the arc is
drawn: a positive arc angle draws CCW from the current pen position; a negative arc
angle draws CW from the current pen position.

The chord angle is the angle, in degrees, through which a chord is drawn representing
the shortest straight line segment along the arc. The chord angle can be a positive or
negative number. The default chord angle is 5 degrees. As discussed under the Circle
instruction, since an arc is also made up from a series of chords, increasing the number
of chords by decreasing the chord angle generates a smoother arc.

The AA command uses the previously commanded pen status and line type. If no pen
status has been commanded since initialization, pen up is assumed. If no line type has
been commanded, a solid line is drawn.

Arcs are drawn within the plotting area established by the Input Window instruction
IW, with clipping occurring outside the window limits. If no window has been
established through a programmed instruction, the default window is in effect.
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The following HP-GL instructions and the resulting figure below demonstrate the use
of the AA instruction:

LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE 9.
LINE 10.
LINE 1.
LINE 12. =

NN AW -

FIRST
LINE

\_/

PLOT

STARTS /
HERE
LAST
90° ARC
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Explanation of Preceding Example

1. The 1P, SC, and SP instructions define the plotting area and perform user unit
scaling and select a pen.

2. The string of PU, PA, and PD instructions moves the pen to the starting point
and draws the first line.

3. The series of AA and PA strings draws 90° or 18(° arcs and associated
straight lines.

4. When the last 90° arc is drawn, the pen is raised (PU) and moved to the center
of the circle which is then drawn by the CI instruction.




the current pen position wuuvss w .o

clockwise (CW) or counterclockwise (CCW) through the specified arc angic wiun vee
chord angle optionally specified.

Syntax:
s X-increment, Y-increment, arc angle (, chord angle) @
CURRﬁ:L X-INCREMENT XINCREMENT gggRENT
POSITION \_ /e, R ’/-Posmom
CHORD / . .. CHORD
INCREMENT  INCREMENT
RELATIVE X,Y RELATIVE X,Y
CHORD
ANGLE COORDINATE COORDINATE

{ARC CENTER) (ARC CENTER)
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The AR instruction requires that both X- and Y-increment parameters (coordinate
pair) and arc angle be specified. Increment parameters are in plotter units when in
nonscaled mode or user units when in scaled mode. The X- and Y-increment parameters
locate the center of the arc with respect to the current pen position. The signs of the
increment parameters determine the relative direction of the location of the center of

the arc, A positive value locatcs that parameter in a positive dircction and a negative

value locates that parameter in a negative direction.

The arc center can be located on or off the platen. The arc angle is the angle, in
degrees, through which the arc is drawn: a positive arc angle draws CCW; a negative
arc angle draws CW.

The chord angle is the angle, in degrees, though which a chord is drawn representing
the shortest straight line segment along the arc. The chord angle can be a positive or
negative number since the 7220 uses only the absolute value in computations. The
default chord angle is 5 degrees. As discussed under the Circle instruction, since an arc
is also made up from a series of chords, increasing the number of chords by decreasing
the chord angle generates a smoother arc.

Arcs are drawn using the previously commanded pen status and line type. If no pen
status has been commanded since initialization, pen up is assumed. If no line type has
been specified, a solid line is used.

As described under the Arc Absolute instruction, arcs are drawn within the plotting
area established by the Input Window instruction IW.
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The Automatic Pen Pickup Instruction AP

The Automatic Pen Pickup instruction AP causes the plotter to automatically raise the
pen whenever it has been down without motion for 65 seconds.

An AP command with no parameters (:i";) enables automatic pen pickup. Pickup
enabled is the default condition.

An AP command with a valid parameter disables automatic pen pickup. Decimal
fractions are truncated. Using AP0 is recommended.

An AP command with invalid parameters has no effect on pickup.

The Velocity Select Instruction VS

The Velocity Select instruction VS specifies in centimetres per second the pen speed for
plotting and lettering operations.

Syntax:

pen velocity (, pen number) @

The pen velocity parameter should be an integer between | and 36 and represents pen
speed in cm/s. If the optional pen number (1 to 8) is specified, the speed will apply only
to that pen. If a pen number is not specified, the speed applies to all pens. Decimal
fractions in either parameter are truncated.

When the plotter is initialized, the pen velocity defaults to 36 cm/s. A VS command
with no parameters (i :; ;) also defaults the pen velocity to 36 cm/s,

A VS command with an invalid velocity parameter turns on the ERROR light and pen
velocity does not change. A VS command with a valid velocity parameter but an
invalid pen number will be ignored (no error, no velocity change).

A VS command remains in effect until another valid VS command is executed or the
plotter is reinitialized or set to default conditions.
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The Adaptive Pen Velocity Instruction VA

The Adaptive Pen Velocity instruction VA provides the means to adapt the pen-down
speed automatically to approximate the rate at which the computer sends coordinate
data to the plotter.

Syntax:

o

No parameters are used. However, the terminator @ must be included to complete

the command. A VA command with parameters turns on the ERROR light but does
not alter the velocity mode. A VA command remains in effect until a VN (see “Normal
Velocity Instruction VN” in this chapter) is executed or the plotter is initialized or set
to default values. This mode provides a smoother plot than the normal velocity mode
when plotting coordinates that are generated by a relatively slow program routine
(fewer than 15 coordinates per second). The maximum pen speed will not exceed the
speed selected by the previous VS command.

If the time required to complete a plot is a consideration, care should be taken when
including the VA command in a program, since the VA command slows the plotter
down to the computer data rate. If the data creates long vectors, plotter movement will
be very slow and should the data rate increase, it will take a few data points and a
significant period of time before the plotter is again up to data speed.




VN

No parameters are used. However, the terminator @ must be included to complete
the command.

After receipt of a VN command, the pen returns to the velocity specified by the
previous VS command or default velocity if no VS command has been executed.

A VN command with parameters will turn on the ERROR light and adaptive velocity
mode will not be canceled.
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Plot Enhancement

This chapter describes the instructions that enable you to enhance the plotted data with
axes, with tick marks, and with special symbdls; and to select tick lengths and line
types.

The Tick Instructions XT And YT

The Tick instruction XT draws a vertical X-tick at the current pen location. The Tick
instruction YT draws a horizontal Y-tick at the current pen location.

Syntax:

Neither instruction requires any parameters. Both instructions require the terminator

@ to complete the command.

The tick length is specified by the Tick Length command (see “Tick Length Instruction
TL” in this chapter). If no tick length is specified, the default length for tp and tn is
0.5% of |P2x -P1x for a Y-tick and 0.5% of | P2y - P1y| for an X-tick.

The following string of HP-GL instructions, when sent to the plotter, draws a

horizontal line 8000 plotter units long, and places X-ticks at the end points and at 4000
plotter units.

-
f

Ticks are always drawn no matter whether the current pen status is up or down.
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The Tick Length Instruction TL

The Tick Length instruction TL specifies the length of the tick marks drawn by the
plotter. The tick lengths are specified as a percentage of the horizontal and vertical
distances between the scaling points P1 and P2.

The up and right tick length (tp) determines the length of the upward portion of the
tick marks drawn along the X-axis and the right-side portion of the tick marks drawn
along the Y-axis. This value is specified as a percentage of the vertical scale length,
|P2y - Ply.

The down and left tick length (tn) determines the length of the downward portions of
the tick marks drawn down along the X-axis and the left-side portion of the ticks

marks drawn along the Y-axis. The value is specified as a percentage of the horizontal
scale length, |P2x - P14.

The plotter, when initialized, automatically sets the tick length values to 0.5% of the
scaling lengths ( P2y - P14 and [P2x - P1y). A TL command with no parameters (%%.:)
will default to the same values.

The following HP-GL instructions, when sent to the plotter, draw a 10 X 10 grid on the
plotter defined within the points P1 = 520,380 and P2 = 15720, 10380. Note that only
the up and right tick length parameter is specified since only the area above the X-axis
and to the right of the Y-axis is being used.

LINE 1. 7hiz i s
WLINE 2. FORI=1T0 10;

LINE 3. &
MLINE 4. NEXTI;

LINE 5. & _
MLINE 6. FORJ=1TO 10:

LINE 7. &7
BLINE 8. NEXT

LINE 9. i1

BBASIC Statement. Do not send to plotter.
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Tick Length Example




SM

CEEv aaao

Syntax:

=i character @

The symbol is limited to a single character and may be any printing character except
ASCH 59 or ASCII 44.

The PA and PR commands function as described in Chapter 6, except that the
specified character is drawn at the end of each vector and is centered on the plotted
point. The character will be drawn at the end of the vector whether the pen is up or

down.

The character s drawn according to the character sct currently selected when the 5M

instruction is executed. Once selected, the character 1s independent of character set
changes later in the program and can only be changed by a new SM command.

”a Char aCICr 15 not SPCCiﬁCd (=#:) or an invalid parameter is used, the Symbol Mode

. ' §8), ln S ond diretion (D) and DR) commancs
s caneled, The 22 3 a1 3R i

affect the character drawn. An SM command remains in effeCt Un“
command 1§ executed or the plotier is initialized or set to default conditions.

NOTE

If a space is inserted before the character, the space s
ignored by the plotter.
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An SM command with an invalid parameter will cause Symbol Mode to be canceled.

An SM command remains in effect until another valid SM command is executed or
the plotter is reinitialized or set to default values.

The following string of HP-GL instructions, when sent to the plotter, causes the plotter
to draw a triangle with an asterisk (ASCII 42) drawn at each vector.

6000, 5000

1000, 3000

1000, 1000




LT
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The Line Type Instruction LT

The Line Type instruction LT specifies the type of line that will be used with PA and

PR commands.
Syntax:
.7 pattern number (,pattern length)@

Shown below are the line patterns and their pattern numbers.

0- specifies dots only at the points that are plotted.
1-

L J One pattern length

No parameter (Default Value)

The shaded portion of each of the line patterns above is one complete segment of the
pattern.

The pattern number parameter is truncated to an integer. Parameters =7 set the error
condition and the LT statement is ignored.

The optional pattern length parameter specifies the length of one complete segment of
the pattern and is expressed as a percentage of the diagonal distance between the
scaling points, Pl and P2. If a pattern length parameter is not specified, the last value
received is used. If no pattern length has ever been specified, a length of 4% is used.
Valid pattern length parameters are between .004 and +127.999. A pattern length of 0
will turn on the ERROR light and the pattern length will not change. Useful values for
pattern length with default P1 and P2 are between 0.5 and 5 and depend somewhat on
the pattern number.

After this command, all subsequent vector commands with the pen down will cause the
specified pattern to be drawn. Any portion of the pattern which is not used will be

carried over into the next vector.

An LT command with no parameters (.. ;) will default the line type to a solid line.
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The following HP-GL instructions, when sent to the plotter, plot a cross using line type

4, and draws the symbol * at each corner.

|1
e
|

|
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Lettering

This chapter describes the instructions that allow you to label the plot with alpha-
numeric characters and symbols using the plotter’s internal character sets. Included are
instructions to specify the size, slant, direction, and positioning of labels, as well as the
instruction which enables you to design your own characters or symbols.

Plotter Character Sets

The plotter has the capability of lettering with any of five internal character sets. Each
of the character sets has identical alphabetic characters, but the symbols available vary
from set to set. The plotter, when initialized, automatically sets both the “standard” set
and the “alternate” set to the ANSI ASCII character set 0, which follows:

CHARACTER SET O
I "#$%&° () ¥+, —./0123456789: ; <=>7
BABCDEFGHIJKLMNOPQARSTUVWXYZ [\] ™ _
“abcdefghijklmnopagrstuvwxyz {{}~
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Shown next are the symbols in the various character sets that are changed from set to
set. The plotter will perform an automatic backspace before drawing any of the shaded
symbols. Therefore, when an accented letter is required, the letter should be entered

first, followed by the accent.

Decimal
Value

set (

Standard
ASCII

Set 1

9825
ASCII

Set ¢

French/German
ASCII

Set 3

Scandinavian
ASCII

Set 4

Spanish/Latin
American ASCII

35
39
91
92
93
94
95
96
123
124
125
126

#

>L—‘/ﬁ

#

[
.\/'
]
0

&

O mQa
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The Designate Standard Character Set Instruction CS

The Designate Standard Character Set instruction CS designates one of the five
character sets (0 through 4) as the standard character set.

i character set number@

The character set number must be an integer in the range 0 through 4. The character
set designated is used for all labeling and lettering operations when the standard set is
selected. Character set 0 is automatically specified as the standard character set
whenever the plotter is initialized.

A CS command with invalid parameters will turn on the ERROR light and the
character set designated as standard will not change.

The Designate Alternate Character Set Instruction CA

The Designate Alternate Character Set instruction CA designates one of the five
character sets (0 through 4) as the alternate character set.

Syntax:

i1 character set number@

The character set number must be an integer in the range 0 through 4. The character
set designated is used for all labeling and lettering operations when the alternate
character set is selected. Character set 0 is automatically specified as the alternate
character set whenever the plotter is initialized.

A CA command with invalid parameters will turn on the ERROR light and the
character set designated as alternate will not change.
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The Select Standard Character Set Instruction SS

The Select Standard Set instruction SS selects the standard set as the character set to
be used for all labeling and lettering.

No parameters are used. However, the terminator @ must be included to complete
the command.

This command is automatically selected when the plotter is first turned on or initialized.
If the SS command is to be used to select the standard set, it is recommended the

dummy string immediately precede the SS command. The standard set can be
selected within a Label command by sending the ASCII control character for shift-in

(decimal 15).

SS
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The Select Alternate Character Set Instruction SA

The Select Alternate Character Set instruction SA selects the alternate set as the
character to be used for all labeling and lettering,

Syntax:

o

No parameters are used. However, the terminator @ must be included to complete

the command.

This command should be executed prior to executing a labeling statement whenever
the alternate character set is to be used. If the SA command itself is to be used to select
the alternate set, it is recommended the dummy string :

i+ immediately precede the
SA command. The alternate set can be selected within a Label command by sending
the ASCII control character for shift-out (decimal 14).

The following example using CS, CA, the ASCII control character for shift-out, and
the SS command writes two character sets where the character “_" is printed with and
without any backspace.

Result:

S E_T_0 SET4

SA
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The Label Instruction LB

The Label instruction LB provides the means to letter text, expressions, or string vari-
ables on the plotter. ’

Syntax:

The lab:e'l mode must be terminated by sending an ASCII character (parameter <ASC>
above) which has been established by a previously executed DT instruction (see
“Define Terminator instruction DT” in this chapter). If a DT instruction has not been
previously executed, the label terminator is defaulted to the ASCII character ETX (a
decimal equivalent of 3).

Before using a Label command, the pen should be moved to the location where
labeling is to begin by using one of the plot commands (PA, PR, CP) or by using the
four direction controls on the plotter front panel. This point will be the lower-left
corner of the first character space. After lettering a character, the pen stops at the
lower-left corner of the next character space as shown on the next page. For a further
explanation of character spacing, refer to “Spacing Between Characters And The Char-
acter Grid” in this chapter. The pen will assume the pen up/down status in effect prior
to the Label command. To avoid placing a dot at the end of the label, the pen should
be raised before the Label command is executed.

LB
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—»] WIDE |=—
HIGH
CHARACTER g SPACE —»
STARTING
POINT
LINE Computer

Museum

BN

Direction, size, and slant of the characters being lettered are as specified by the com-
mands using DI, DR, SI, SR, and SL, or default values if not specified. The character
set used is specified by the commands using SA or SS, and CA or CS. If not specified,
the default character set is set 0.

The following string of HP-GL instructions is an example of plotting text using an LB

instruction.

I AM A 7220 PLOTTER

LB
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The Define Terminator Instruction DT

The Define Terminator instruction DT specifies the character to be used as the label
terminator.

Syntax:

- OG

where @ is the label terminator

The label mode can only be terminated by sending a label terminator at the end of the
character string. Decimal characters | through 31 and 127 (ASCII control characters)
can be defined as the label terminator and will not print when invoked, although the
function performed by the character will be performed (i.e., 13 will terminate but will
also cause a carriage return). Decimal characters between 33 and 126 can be defined
but will be printed at the end of the character string.

The 7220 defaults to a label terminator of ETX. An ETX is the ASCII character
equivalent to a decimal 3.

NOTE
A DT command with no parameter (iii:) does not

establish a default terminator. The is interpreted as

the label terminator just as any other@parameter.

DT
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Labeling With Variables

In some applications, it is necessary to label the plot using variables rather than literals
to define the label string. Many different conventions are used on computers to define
variable length and the character field format in which these variables will be printed.
To avoid unexpected placement of the labels defined by variables, refer to your
computer manual for a definition of the conventions used to define the output
character field.

Quotation marks are used by many computers to define the literal characters that are
to be sent, but variables are not included within quotation marks. The comma is used
as a delimiter between variables or literals by some computers to cause the output to be
left justified in a specific character field width. The unused positions in this field are
normally sent as blank spaces in order to establish fixed spacing between label strings.
For close spacing of the label strings, the blank spaces can normally be suppressed by
using a semicolon as the delimiter between variables or literals.

The following example illustrates the use of the comma as a delimiter when using
variables for labeling. HP-GL. mnemonics, literals, and terminators are enclosed in
quotation marks.

This statement causes the plotter to
label the integer, integer +1, and
BLINE 1. X=50 integer +2. Blank spaces between
*LINE 2. #7577 X, X+1. X+2, " "¢ * ' <&—— the printed integers vary from com-
puter to computer and normally in-

clude the sign space. A computer

\ may or may not print positive signs.

Result:

50 51 52

Number of blank character field
spaces may vary with different
computers.

BBASIC statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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The following example illustrates use of the semicolon as a delimiter when using
variables for labeling:

The semicolons between the variables
BLINE [. X=50 cause suppression of blank spaces.
*LINE 2. **¢ : Xz X413 X+2; * 7 g * '~——— The space between the printed inte-

gers varies with different computers,

but normally includes the sign space.

Result:

50 51 52

Any spaces required to fit into the context of the item being labeled must normally be
sent enclosed in quotes. The following example labels the same variables as above, but
with four extra spaces between each of the integers.

Note that four
spaces enclosed
in quotes are

BLINE [. X=h0
sent between each

*LINE 2. R CO FEEXH2: gt 55<—< .

; : : : g variable; but the
semicolon sup-
presses unwanted
blank spaces.

Result:

50 51 52

Four extra spaces

@BASIC statement. Do not send to plotter.

* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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The Absolute Direction Instruction DI

The Absolute Direction instruction DI specifies the direction in which characters are
lettered.

Syntax:

run, rise@

Run and rise are in decimal format between +127.999 and specify the direction
according to the relationship:

rise
run
Computer
: Museum
where:

A change of scaling points P1 and P2 will not affect the direction of lettering.
A DI command with no parameters (ii! ;) will default to the values DI 1,0 (horizontal).

A DI command with a rise parameter of zero will produce horizontal labeling. A DI
command with a run parameter of zero will produce vertical labeling. At least one
parameter must be effectively nonzero (|parameter| = 0.004). A DI command with
invalid parameters will turn on the ERROR light and the direction of labeling will not
change.

A DI command remains in effect until another DI or DR command is executed, or the
plotter is initialized or set to default conditions.

DI
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The following HP-GL instructions, when sent to the plotter, will cause the expression
7220 to be lettered clockwise in an octagon pattern.

LINE 1. i}
LINE 2.
LINE 3.
LINE 4.
LINE 5.
LINE 6.
LINE 7.
LINE 8.
LINE 9. ii:
@07220 )QQ
s o
d
Q n
( N
N o
I\O N
S S
<Q0c2l

DI
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The Relative Direction Instruction DR

The Relative Direction instruction DR specifies the direction in which characters are to
be lettered relative to the scaling points P1 and P2.

Syntax:

TF run, rise@

Run and rise are decimal numbers and specify the direction according to the

relationship:

rise

run

where:

Run is the desired percentage (0 to *£127.999) of |P2x - Ply. Rise is the desired
percentage (0 to £127.999) of |[P2y - P1y{, and P1 and P2 are the scaling points.

DR
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Note in the following example that even though a DR 100,100 is chosen for each set of
scaling points P1 and P2, the direction of lettering changes.

LINE 1.
LINE 2.
LINE 3.
LINE 4.
LINE 5.
LINE 6.
LINE 7.
LINE 8.
LINE 9. ..+

DR
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The Absolute Character Size Instruction SI

The Absolute Character Size instruction SI specifies the size of characters and symbols
in centimetres.

Syntax:

©1 width, height@

The defined width and height must be in decimal format and may have any value
between —87.042 and +40.957 (0 however, is not allowed). An SI command with no

Negative parameters cause the character to be reflected about the axes. A negative
width parameter causes rotation about the Y-axis; a negative height parameter causes
rotation about the X-axis. Two negative parameters cause rotation about both axes. If
the labeling direction has been changed to other than horizontal, the line of direction of
labeling should be thought of as the effective X-axis in the above description.

The current pen position, the sign and magnitude of the width and height parameters,
and the character to be labeled, together determine whether the character will fit in the
plotting area. With positive parameters, default horizontal direction, and the pen at P1;
at most one character will fit on the plotting area.

The following string of HP-GL instructions, when sent to the plotter, letters the word
7220 at a specified width of 1.5 cm and height of 2.5 cm.

/220

A specified SI command will stay in effect until another valid SI or SR command is
executed by the plotter, until the plotter is reinitialized, set to default values by turning
ac power off and on again, or through program control.

135

SI
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Spacing Between Characters And The Character Grid

Character spacing and line spacing are functions of character size. In the diagram
below, you can see the relative position of a character, in this case “M,” within the
character-space field. The character-space field is set indirectly by the SI command,
since the character space height is twice the character’s height and the character space
width is 114 times the character width. The space above and beside a character becomes
the spacing between lines and characters.

CHARACTER
SPACE WIDTH = W —» ‘4—
r—— 113
[ [
| |
| CHARACTER
' SPACE
HEIGHT = H
CHARACTER |
HEIGHT =05 H l
[
_ ._|\___
CHARACTER  CHARACTER STARTING POINT
STARTING WIDTH OF NEXT
POINT =067 W. CHARACTER

When you specify the height of a character in an SI or SR command, however, you
should specify the character height and not the height of the character-space field.
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The Relative Character Size Instruction SR

The Relative Character Size instruction SR specifies the size of characters and symbols
as a percentage of the distance between scaling points Pl and P2.

Syntax:

width,height@

The width is the desired percentage (—128.000 to +127.999) of |P2x - P1x. The height is
the desired percentage (—128.000 to +127.999) of |P2y - Py}, and P1 and P2 are the
scaling points.

Negative parameters will cause rotation about the axes. Large parameters (above 25)
will create characters too large to fit in the plotting area (see “Absolute Character Size
Instruction S1” in a previous section of this chapter).

Zero parameters are invalid and will cause the ERROR light to illuminate. If this
happens, the plotter assumes the last valid SI or SR command parameters or the
default parameters, if no previous SI or SR command has been executed.

Note the character size will vary as Pl and P2 are changed. Character and line spacing
are functions of character size. Refer to “Spacing Between Characters And The
Character Grid” in this chapter.

SR .75, 1.5.

An SR command remains in effect until another valid SR or SI command is executed,
the plotter is initialized or set to default values, or the power is turned off and then on
again.

SR
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The Character Slant Instruction SL

The Character Slant instruction SL specifies the slant with which characters are
lettered.

Syntax:

“iLotan 0@

The degree of slant is a decimal number between +127.999 and is equivalent to the
tangent of the angle 6 from vertical as follows:

\7 \/
7 - -7 vy \
/ / \ \
/ / \ \
/ / \ \
/ / \ \
/ / \ \
/ \
/ \
/ \
/ \
/ \
SLANTED + SLANTED -

The useful parameter range is 0.5 to +2 when using default absolute character size
and up to +3.5 for large letters.

A change in scaling points P1 and P2 will not affect the angle 6.

An SL command with no parameters (=:.:) will default to the same values as SLO (no
slant). An SL command with invalid parameters will turn on the ERROR light and
default to the last valid SL instruction, or if none to SL0O. An SL command remains in
effect until another valid SL command is executed or the plotter is initialized or set to
default conditions.

The following string of HP-GL instructions, when sent to the plotter, letters the
number 7220 at a slant of +45°,

20

SL
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The Character Plot Instruction CP

The Character Plot instruction CP moves the pen the specified number of character-
space fields.

Syntax:

If no parameters are specified, a CP command (:+:) performs a carriage return and
line feed operation by moving one character-space field height down and returning to
the margin defined by the last point to which the pen was sent by either a PA
command, PR command, the plotter front-panel controls, or the pen position at the
last D1 or DR command.

When parameters are specified, the CP command moves the pen the specified number
of character-space field widths to the right (a positive value), or to the left (a negative
value), and the number of character-space field heights up (a positive value), or down
(a negative value). Note that right, left, up, and down are relative to the label direction
as shown below:

UP (+) DOWN (-)

f

LEFT < LABEL DIRECTION, DI, 0 s PIGHT  FISHT o+, 10 o7 0310 36v7 —= T
DOWN (-} UP (+)

The pen’s position (raised or lowered) does not change when a CP command is
executed. The parameters must be within the range of —128.000 to +127.999. However,
since there are approximately 90 character-space field widths and 40 character-space
field heights on the platen surface (assuming default sizing), the effective parameter
range that will not invoke an out-of-limit condition is considerably less, depending on
the pen position at the given time.

The ©:F: command is useful to produce lettering with alignment along a left-hand
margin, while a CP command with small decimal parameters enables lettering along a
line, but not on top of it. This is illustrated in the following program.

Cp
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The CP instruction in line 2 moves the label slightly above the line. The CP instruction
in line 3 moves the label slightly below the line and the two CP instructions in line 4
perform a carriage return line feed to the margin established by the plot command in
line 3.

5 CHARACTER
SPACE WIDTHS

~——~ABOVE THE LINE
/ BELOW THE LINE

1000,1000 2000,1000

AND WITH A NEAT
MARGIN

CP
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The User Defined Character instruction UC

The User Defined Character instruction UC draws characters of your own design.
Syntax:

LAl (pen control parameter,) X-increment, Y-increment,
(pen control parameter,) (X-increment, Y-increment,) . . . . @

Each segment of the character is drawn according to the three parameter values as
follows:

Pen control parameter (integer) +99 up to +32767 = pen down and —99 down to
—32768 = pen up (+99 and —99 are commonly used).

X-increment — specifies the number of character grid units that the pen will move
horizontally. A positive value moves the pen to the right, and a negative value
moves it to the left. The increment value should be an integer and can range from
198 grid units. Decimal values are truncated.

Y-increment — specifies the number of character grid units that the pen will move
vertically. A positive value moves the pen up and a negative value moves it down.
The increment value must be an integer and can range from 398 grid units.
Decimal values are truncated.

The optional pen control parameter does not have to be repeated between X- and
Y-increments unless a different pen state is required. That is, once a pen down (+99)
has been sent, the pen will remain down for the following X- and Y-increments until a
pen up (—99) has been sent.

UC
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The character grid units are scaled by the current size command (SI or SR) as shown
below. Each character block contains 6 horizontal units and 16 vertical units.

WIDTH OF
CHARACTER
SPACE FIELD
{6 GRID UNITS)
A
(r — __ﬂ
HEIGHT OF
CHARACTER
SPACE FIELD ﬁ —
{16 GRID UNITS)
\. F |
r L P T
CHARACTER
HEIGHT SET <
BY SI OR SR | I
[
.. —
—
CHARACTER
CHARACTER WIDTH SET
ORIGIN BY SI OR SR
POINT

Note that the character block width is 1!4 times the character width as set by the size
command and twice the character height as set by the size command.

Each character starts from the character block origin point. When the character is
completed, the pen moves to the next character block origin (6 horizontal grid units
from the initial starting point). This may not be a valid starting point if the new
character was larger than a normal character. One of the plot commands (PA, PR, or
CP) may be needed to properly position the pen for the next character, if any, to be
lettered.

A user defined character is drawn with the current character slant, size, and direction.

UC
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At the start of the UC instruction, the pen is automatically up. Each UC command
must have at least one pen down parameter (== +99) in order to draw anything. A UC
command without a pen down will result in a pen movement of one character-space
field horizontally.

Plot commands (PA, PR, CP, AA, AR) which follow a UC command will be made
using the pen status set by the previous PU or PD command.

The following HP-GL instructions, when sent to the plotter, draw in two different sizes
and labels the letter E. To demonstrate that user defined characters can take more than
one character space, the % has first been drawn almost twice as large as the labeled E’s.
The second 3, created by dividing each X- and Y-parameter of the previous UC
command by 2, is the same size as the labeled E. In order to draw a character the same
size as a character created with a Label command, the UC character must have a width
of 4 grid units and a height of 8 grid units.

LINE I. !
LINE 2.
LINE 3.
LINE 4. ii
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Chapter 9

Additional Plotter Control

Described in this chapter are the plotter instructions which enable it to output the pen
position, HP-GL error, plotter status, and to define the limits of pen motion.

The Output Actual Positon And
Pen Status Instruction OA

The Output Actual Position and Pen Status instruction OA instructs the plotter to
make the X- and Y-coordinates and pen status (up or down) associated with the actual
pen position available for output.

Syntax:

©

No parameters are used. However, the terminator @ must be included to complete

the command.
The OA command can be used with scaling on or off. (Use OD when in digitize mode).

After receipt of an OA command, the pen position and status are made ready for
output to the computer as ASCII integers in the following form:

X Y P
where:

X is the X-coordinate in absolute plotter units,
Y is the Y-coordinate in absolute plotter units,
P is the pen status (0 = pen up, 1 = pen down).

The range of the X- and Y-coordinates is the mechanical limits of the plotter (0 < X
< 16000, 0 < Y < 11400). When the pen has been moved by program control, the
range of the X- and Y-coordinates is the current window.

*CR is the default output terminator. The currently defined output terminator will be sent.
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The Output Commanded Position And
Pen Status Instruction OC

The Output Commanded Position and Pen Status instruction OC makes the X- and
Y-coordinates and pen status (up or down) associated with the last valid pen position
instruction available for output to the computer.

No parameters are used. However, the terminator @ must be included to complete
the command.

The OC command outputs user defined unit coordinates if operating in the scaled
mode, and absolute plotter units if operating in the unscaled mode.

The pen position and status will be output to the computer in ASCII as follows:
X , Y , P CR*
where:

X is the X-coordinate in absolute or user defined plotter units,
Y is the Y-coordinate in absolute or user defined plotter units,
P is the pen status (0 = pen up, | = pen down).

When scaling is off, the range of the X- and Y-coordinates is £32767. When scaling is
on, the range of the X- and Y-coordinates is —16384 to +16384, except when the
plotter is in the lost state, then 32767 will be output for both X and Y.

*CR is the default output terminator. The currently defined output terminator will be sent.
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The Output Error Instruction OE

The Output Error instruction OE makes the decimal equivalent of the last error (if any)

available for output to the computer.

Syntax:

No parameters are used. However, the terminator @ must be included to complete

the command.

When an OE command is received, the plotter converts the last error to a positive

ASCII integer and makes it available for output in the form:

error number CR*

The error numbers are defined as follows:

Error Number

Meaning

00 1 N VL B WD — O

No error

Instruction not recognized
Wrong number of parameters
Bad parameter

Not used

Unknown character set
Position overflow

Not used

Out of roll paper (7220T)

After the error code is output to the computer, bit position 5 of the output status byte
is cleared, and the ERROR light (if lit) is turned off.

*CR is the default output terminator. The currently defined output terminator will be sent.

147

OE
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The Output Factors Instruction OF

The Output Factors instruction OF instructs the plotter to make the number of plotter
units per millimetre in each axis available for output.

Syntax:

No parameters are used. However, the terminator @ must be included to complete

the command.
The 7220 will always output two positive ASCII integers in the form:
40 , 40 CR*

This indicates that there are 40 plotter units per millimetre in the X-axis and 40 plotter
units per millimetre in the Y-axis on the 7220 plotter.

*CR is the default output terminator. The currently defined output terminator will be sent.
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The Output Identification Instruction OI

The Output ldentification instruction Ol commands the plotter to make an identifier
available for output.

Syntax:

No parameters are used. However, the terminator @ must be included to complete

the command.

When the plotter is instructed to talk and the computer to listen, the 7220C always
returns:

7220C CR*

The 7220T returns:

7220T CR*

*CR is the default output terminator. The currently defined output terminator will be sent.

149

oI
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The Output Options Instruction OO

The Output Options instruction OO commands the plotter to make the decimal
equivalent of eight option parameters available for output.

Syntax:

o @

No parameters are used. However, the terminator @ must be included to complete

the command.

The plotter will always respond to the instruction with a message consisting of eight
ASCII integers in the form:

¢ 1,0,0,1,0,0,0 CR*

The value of C is 0—3 as described in the chart below. The first | means the plotter has
pen select capability. The second | means that arc and circle instructions are included.

C Paper Check Bit Advance Option
0 clear (0) off (0)
| clear (0) on (1)
2 set (1) off (0)
3 set (1) on (1)

A 7220C will always output a value of C = 2.

On a 7220T, the advance option is set if the roll paper is present and properly installed.
The paper check bit is set at power-up or initialization, and anytime the pen is put
down under either program or front panel control. It is also set anytime the out of
paper switch indicates no paper before or after a paper advance or attempt to advance.
The paper check bit is cleared to zero after any successful advance. This instruction can
be used on the 7220T to ascertain whether the plotter is loaded with roll paper and the
plot area is clear; if this is true, C = 1. The OO instruction should be sent before an IN
instruction since the IN instruction will set the paper check bit to | and paper may be
wasted.

*CR is the default output terminator. The currently defined output terminator will be sent.
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The Output Status Instruction OS

The Output Status instruction OS makes the decimal equivalent of the output status
byte available for output.

Syntax: a
i @ 0S

No parameters are used. However, the terminator @ must be included to complete

the command.

Upon receipt of the OS command, the internal eight-bit status byte is converted to an
ASCII decimal integer between 0 and 255. The decimal integer is output in the form:

status CR*

The status byte bits are defined as follows:

Bit Value Bit Positon Meaning
| 0 Pen down
2 | P1 or P2 change or change attempted;
cleared by OP
4 2 Digitized point available;

cleared by OD

8 3 Initialized; cleared by OS
16 4 Ready for data
32 5 Error; cleared by OF
64 6 Not used
128 7 Not used

Upon power-up, the status is decimal 24, the sum of 8 (initialized) and 16 (ready for
data). Upon output of the status byte after an OS command, bit position 3 is cleared.

*CR is the default output terminator. The currently defined terminator will be sent.
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The Input Mask Instruction IM

The Input Mask instruction IM specifies the conditions under which an error message,
require service message, and positive parallel poll response will occur.

Syntax:

¥ E-mask value@

E-mask specifies the decimal equivalent of the bit values of the plotter error numbers
that will set the error bit (bit 5) of the plotter status byte and turn on the ERROR light
on the plotter front panel.

E-Mask Error
Bit Value Number Meaning
1 1 Instruction not recognized
2 2 Wrong number of parameters
4 3 Bad parameters received
8 4 Not used
16 5 Unknown character set
32 6 Position overflow
64 7 Not used
128 8 Out of roll paper (7220T)

For example, the default E-mask value 223 (1 +2+4 + 8 + 16 + 64 + 128) will specify
that all error numbers except 6 can set the error bit in the status byte and turn on the
ERROR light whenever they occur. Error 6, however, will not set the error bit or turn
on the ERROR light if it occurs since it is not included in the E-mask value. Note an
E-mask value of 151 would result in identical plotter behavior since errors 7 and 4 are
not used on the 7220 plotter.

An IM command with no parameters (i #i:) will set the E-mask value to 223.
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The Input Window Instruction IW

The Input Window instruction W restricts the programmed pen motion to a specific
rectangular area on the platen. This area is called the “window.”

Syntax:

Xlowcr left, Ylowcr lefts Xupper righty Yupper night @

The four parameters specify, in absolute plotter units, the X- and Y-coordinates of the
lower-left and the upper-right corners of the window area as shown below. The
parameters should be positive and less than 16000 for X and 11400 for Y. Parameters
between —32767 and 0 are set to 0 and parameters larger than the absolute plotting
limits, but less than 32768 are set to the plotting limits (16000 for X and 11400 for Y).
Parameters beyond +32767 will cause an error and the window will not change.

(xupper right, Yupper right)

Window
Area

(xlower left, YIower Ieft)

ABSOLUTE
PLOTTING AREA

At power-on, upon execution of a DF or IN command, or if executed without
parameters (.-;), the window is automatically set at the mechanical limits of the
plotter. The OUT OF LIMIT light will come on, after execution of an IW command
with parameters, if the current pen position is outside the area specified by the four
parameters.

At this point, the reader may wish to review the concept of “nearby” and “faraway” as
described under the “Plot Absolute Instruction PA,” Chapter 6.

153
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There are seven types of vectors that can be developed from a given “last point” to
some “new point” as follows:

Last Point New Point

1. Inside window area to inside window area

2. Inside window area to outside but “nearby”
3. Inside window area to outside but “faraway”
4. QOutside window area but “nearby” to inside window area

5. Outside window area but “nearby” to outside but “nearby”
6. Outside window area but “faraway” to inside window area

7. Outside window area “faraway” to outside window area

but “nearby”

In type I, the pen will move as programmed from the last point to the new point with
the pen up or down as commanded.

In type 2, the pen will move as programmed from the last point toward the new point.
At the intersection of this move and the window limit, the pen will stop and lift, and
the OUT OF LIMIT light will come on steady.

In type 3, the pen will be raised, but not moved, and the plotter will assume out-of-
range condition (enter lost state). The OUT OF LIMIT light will come on blinking.

In type 4, the OUT OF LIMIT light is on steady at the start of the vector. The pen will
move (pen up) to the intersection of the current vector and the window limit. At this
point, the OUT OF LIMIT light will go out, the pen will be under program control,
either pen up or down as instructed, and will move to the new point.

In type 5, the pen is raised and the OUT OF LIMIT light is on steady at the start of
the vector. If part of the vector is in the window area, the plotter will move with the
pen up to the intersection of the current vector and the window limit nearest the last
point. The light will go out and pen will be moved under program control to the
intersection of the vector and the other window limit. The pen will then stop and lift
and the OUT OF LIMIT light will come on steady. If the vector from the last point to
the new point does not intersect the window area, no move will be made. However,
X-and Y-coordinates of the current pen position are updated.

In type 6, the pen will move with pen up to the new point and the OUT OF LIMIT
light will go out and the out-of-range mode (lost state) will be exited. Upon leaving the
new point the pen will be under the control of the previous pen up or pen down
instruction.
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In type 7, the OUT OF LIMIT light will come on steady. If part of a vector from the
last physical pen position to the new point is within the window area, the pen will move
across the window with pen raised. If the vector from the last physical pen position to
the new point does not intersect the window area, no move will be made.

In scaled mode a point will be within a window area, or outside but “nearby” or
“faraway” if the plotter unit equivalents of the scaled parameters are within or outside
that area.

The illustration below shows the effect of a window on text and plotted lines. The
upper text is written with the default window (mechanical plotter limits) in effect. An
IW command defining the rectangular area shown is executed. The pen is commanded
to plot with the pen down to a point near the lower-left corner. Only the portion of the
line inside the window is drawn. When a Label command to write the same text is
given, only that portion within the window is written.

The following example of the IW instruction will be helpful in explaining how the
plotter behaves when a window is specified. This string of HP-GL instructions, when
sent to the plotter, will cause the following plot to occur.

TEXT WRITTEN
WITH DEFAULT

/ WINDOW

AN

THIS IS AN|EXAMPLE ORF

\

\
=
\

EXAMPLE OF

A}
\
\
\

LINE DRAWN
ONLY INSIDE
WINDOW

\

N
N\

MECHANICAL LIMITS

OF PLOTTER,
X,Y COORDINATES TEXT WRITTEN COMMANDED DEFAULT
OF PA COMMAND WITH COMMANDED WINDOW WINDOW WINDOW

155

IW



156 Additional Plotter Control



Chapter 1 O

Digitizing

This chapter describes the instructions used when the plotter is functioning as a
digitizer.

The Digitize Point Instruction DP
The Digitize Point instruction DP provides the means to digitize points on the plotter.

Syntax:

O

No parameters are used. However, the terminator @ must be included to complete
the command.

When a DP command is received by the plotter, the ENTER light turns on indicating
that a point can be entered. When the pushbutton is pressed, the X- and Y-
coordinates of the current pen position and pen up/down status are stored for retrieval
by the Output Digitized Point and Pen Status command. Pressing the pushbutton
also turns off the ENTER light and sets bit position 2 of the output status word.

The digitizing sight provided with the plotter should be used when digitizing. When
digitizing, the pen should be down.
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The Digitize Clear Instruction DC

The Digitize Clear instruction DC terminates the digitize mode.

Syntax:

No parameters are used. However, the terminator @ must be included to complete
the command.

This command enables you to terminate a digitize mode without entering coordinate
DC values through the pushbutton. The ENTER light is turned off (if it was on).
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The Output Digitized Point And
Pen Status Instruction OD

The Output Digitized Point and Pen Status instruction OD makes the X- and Y-
coordinates and pen status (up or down) associated with the last digitized point
available for output.

Syntax:

No parameters are used. However, the terminator @ must be included to complete
the command.

The OD command is used only when a digitized point has been stored, as indicated by
receipt of the output status byte with a true (1) condition on bit position 2 (see “Output
Status Instruction OS,” Chapter 9).

When requested by the computer, the pen position and status will be output to the
computer as ASCII integers in the form:

X , Y , P CR*
where:

X is the X-coordinate in absolute plotter units,
Y is the Y-coordinate in absolute plotter units,
P is the pen status (0 = pen up, I = pen down).

The ranges of the X- and Y-coordinates are the mechanical limits of the plotter, i.e., 0 < X
< 16000, 0 < Y < 11400.

Upon receipt of the OD command by the plotter, bit position 2 of the output status
byte is cleared and the ENTER light is turned off (if it was on).

*CR is the default output terminator. The currently defined output terminator will be sent.

159
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Digitizing With The 7220

The plotter can be used as a digitizer as well as a plotter since digitizing is basically the
inverse of plotting. Instead of sending the coordinates of a point to the plotter and the
plotter then moving the pen to that point, you move the pen to a point on the plotter
(typically by using the front panel controls), enter the point, then send the coordinates
of that point to the computer. A special digitizing sight provided with the plotter allows
you to visually position the pen over the point to be digitized. The sight is loaded like a
pen and is used in the pen down position.

In general, the DP command is used with the OS and OD commands. The output
status command OS is explained in Chapter 9. A generalized program flow for the

digitize mode is listed below.

1. Allocate in'ypur program storage for the number of points to be digitized for
the variables X, Y, and P.

2. Develop a FOR-NEXT loop with the total number of points digitized.

3. Enter the digitize mode using the DP instruction, output the status byte, and
monitor bit position 2 of the status byte for a true (1) condition. The true

condition indicates that the pushbutton has been pressed.
4. Output the digitized point to the computer using the OD instruction.

5. Continue the loop for all digitized points; then print or display the values for
each digitized point if desired.

The following subroutine monitors bit position 2 of the status byte. Executing
successive divisions of a number by two and checking for an odd or even integer
answer, is a common way of monitoring bits without converting the number to binary
form. This subroutine, if called after a Digitize Point (DP) command, would accomplish
steps 3 and 4 of the previous paragraph.

LINE 2. (using a suitable input statement, read the status byte into the
variable named Status)
W LINE 3. Status=INT(Status/?)
BLINE 4. Status=INT(Status/?)
BLINE 5. Status=Status MOD 2
BLINE 6. IF Status=0 THEN Linel
LINE 7. 3033
BLINE 8. RETURN

@ BASIC statement. Do not send to plotter.
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Automatic Paper Advance — 7220T

The instructions in this chapter pertain only to the 7220T plotter which has automatic
paper advance.

The Advance Full Page Instruction AF
The Advance Full Page instruction AF causes the paper to advance one full page.

Syntax:

No parameters are used (PG1 is the only exception). However, the terminator @
must be included to complete the command.

When the advance option is off, executing this instruction causes an error condition to
be set (error 8). The advance option is off if sheet paper is being used, roll paper is not
properly loaded, or the plotter is a 7220C.

When the advance option is on, the paper advances one full page, measured from the
left edge of the platen at the time the advance command was initiated. This is 432 mm
(17 inches) in English mode or 420 mm in metric mode.

If the cutter is on, the paper is cut along what was the left edge of the platen at the time
the advance command was initiated. Lack of paper at the completion of an AF
command will set the error condition (error 8). PG and PG1 are included to maintain
compatibility with other Hewlett-Packard systems.
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The Advance Half Page Instruction AH
The Advance Half Page instruction AH causes the paper to advance one-half page.
Syntax:

No parameters are used. However, the terminator @ must be included to complete
the command.

When the advance option is off, executing this instruction causes an error condition to
be set (error 8). When the advance option is on, the paper advances one-half page
measured from the left edge of the platen at the time the advance command was
initiated. A half page is 216 mm (84 inches) in English mode or 210 mm in metric
mode.

If the cutter is on, the paper is cut along what was the left edge of the platen at the time

AH,

EC command will set the error condition (error 8).

the advance command was initiated. Lack of paper at the completion of an AH

The Enable Cutter Instruction EC

The Enable Cutter instruction EC turns the cutter on and off.

) . UTTE] . .
front panel switch 1s turned on.
- ENABLE

An EC command with integer parameter turns the cutter off and the lamp in the switch
goes off. Zero is the recommended parameter to disable the cutter.

If the cutter is already on, the EC command with no parameters has no effect.
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Putting The Commands To Work

This chapter demonstrates the use of the 7220 commands to develop and label plots.
Previous programs have purposely been kept to a less-advanced level in order to clearly
demonstrate the command usage.

Creating A Complete Graph

This example is a problem encountered in an engineering environment — the response
of a system to a step input. However, the 7220 also provides excellent graphics for
business applications as well as many other areas. Following the example provided
should help you visualize the steps needed to prepare your finished plot.

Problem:
Scale, draw, and label X- and Y-axes in user units and plot the function
d = 1000 (1 — e **cos 300t).
Then, varying the line type, plot the function
d = 1000 (1 — ¢ * cos 300t)
over the limits 0 < t < 0.05, 0 < d < 1600.

Finally, from a file of test data, again varying the line type, plot the test data on
the same graph for comparison with the ideal curves.

Solution:
A. Turn the plotter logically on and position the plot.

The 7220 has a range of 0 < X < 16000 plotter units and 0 < Y < 11400
plotter units. Allowing an additional 109 beyond the default Pl and P2
settings for the 7220C or the 7220T with chart advance off (P1 = 520,380 and
P2 = 15720,10380) for labeling below the X-axis and to the left of the Y-axis,
we set the scaling points to P1 = 2000,1400 and P2 = 14200,9300 using the [P
instruction.
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LINE 2. i#

Line 1 turns the plotter logically on. The Initialize command (®:) in line 2
resets parameters to their default values. Either I": or = : should be included
in all programs, avoiding unexpected results caused by parameters inherited
from a previously run program.

. Scale the plotting area.

Although we could plot in plotter units, an easier method is to use the Scale
instruction SC to scale the plotting area into integer user units. We choose the
scaling so as to cover the range of X- and Y-values expected from our
computations and give sufficient resolution to our plot.

We know our data will cover the range 0 < X < 0.05 and 0 < Y < 1600. Had
we not known this, we would have to make an educated guess about the range
and perhaps revise the program after we saw a sample plot. Since the 7220 can
only plot integers, we need to use a multiplier to convert the data to integers
and to achieve sufficient resolution to obtain a smooth plot. We break the
X-axis into 500 units and the Y-axis into 1600 units with the SC instruction
below:

LINE 3. @

Since 10000 X 0.05 = 500 (the maximum scaled range) our X-multiplier to be
used in calculations is 10000. No Y-multiplier is necessary since our results fall
into the scaled range.

. Draw, label, and title the X-axis.

To draw and label the X-axis, we use a FOR-NEXT loop. The loop contains
plot instructions, tick instructions, label instructions, and the CP instruction to
position the label. Because we want our output to read in hundredths of
seconds to match our test data, we divide the user-unit position by our
multiplier when writing the label. The title is written by line 10 after completion
of the FOR-NEXT loop.
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FOR X=0 TO 500 STEP 100

X/10000, ¢,

TIME (seconds)

D. Draw, label, and title the Y-axis.

The Y-axis drawing and labeling is very similar to that of the X-axis, except
that, since we will plot in integer units compatible with the results of our
equations, there is no need to alter the label parameter before writing it.

LINE 11.
WLINE [2. FORY=0TO 1600 STEP 100
*LINE 13, i, Yy o7y Bl

* LINE 15. ¢
BLINE l6.
LINE 17. # L
1600 T
1500 1
1400 1
1300 T
1200
1100 T
1000 T
900 +
wo 8007
é % 700 +
8% so0t
500
400 T
300
200 1
100 +

B BASIC statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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E. Plot the function.

To define a smooth curve, the step size for t in the equation has been set to
0.0005, establishing 100 intervals along the X-axis. With the SC instruction
used earlier, we could make the step size one-fifth this size, but this is not
necessary to create a smooth plot with this particular equation. The equation
of the function must be written in a form acceptable to your computer. The
following instructions plot the equation:

d = 1000 (1—e " cos 300t)

LINE 18.
B1.INE 19. FORT=0TO .05 STEP .0005

BLINE 20. Y=1000*(1-EXP(-100*T)*COS(300*T))
BLINE 21. X=T*10000

* LINE 22. ¥ X, Y
BLINE 23.

The pen moves to the locations defined by X and Y. Changing the pen and
line type for trace differentiation, the following instructions plot the equation:

d = 1000 (1 — e *"cos 300t)

LINE 24. B
BLINE 25. FORT=0TO .05 STEP .0005
B LINE 26. Y=1000*(1-EXP(-60*T)*COS(300*T))
BLINE 27. X=T*10000
* LLINE 28. - X, Y:
BLINE 29. NEXTT

1600
15001 / = \
1400 + / \ PEN 3
1300 Tt /
PEN 2
1200 T \
/ — L
1100 + \ v ~
1000 T -
~ —
soo} \ / —_ -
§B 800 \ /
Q
25 7004 ! ~ 7
0 c
5 s
o~ soot !
500 l
/
400+
|
300 +
200 4 /
100 + /
Q
0 .01 . 02 .03 .04 . 05

TIME (seconds)
BBASIC statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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F. Add the test data.

The test data can be plotted on the same graph for comparison with the ideal

curves.

NOTE
Test data could be stored on a mass storage device. Accessing
stored test data varies depending on the type of storage device
and your computer. Refer to your computer operating and
programming manual for specific instructions for loading test
data into your computer.

The following steps illustrate plotting test data by incrementing the T-value in
fixed steps and reading the corresponding test value from DATA statements.
Line 30 specifies plotting the data in a different pen and line type for ease of
comparison with the ideal curves.

The test data as given in the DATA statements had been divided by 10000. To
restore it to the original range, it is multiplied by 10000 in line 33 to give the
Y-parameter for the plot. The T-values are multiplied by the appropriate
multiplier to obtain the X-parameters for the plot.

LINE 30, s oitn, Uy s wriin iy
BLINE 31. FORT=0 TO 05 STEP .0005
B LINE 32. READ Ydata
BLINE 33. Y=Ydata* 10000
BLINE 34. X=T*10000
* LINE 35. i+ X. Y:
BLINE 36. NEXTT

LINE 37, =
BLINE 38. DATA 0.005.013..022.033..043.054.064.078
WLINE 39. DATA 088.099.109.111.117..12..132..13..14
WLINE 40. DATA 143.131..14. .14 128..127..13..128 114
BLINE 41. DATA 12.114.11..109.1..1..098..091 .087
WLINE 42. DATA 092.089.085..082.087..085. 084 .092
@LINE 43. DATA 093.091.088.097.093..1..093..095..102
@ LINE 44. DATA 098.1.098 107.1.103.101.103.1. 109
BLINE 45. DATA 1.108.106..103..102..105..097..104..103

BBASIC statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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BLINE 46. DATA 096,.096,.095,.103..098,.103..103,.101
BLINE 47. DATA .094,.1,.099..099..095..101..097..094.095
BLINE 48. DATA .102..094,.098..099..099,.104..102,.099
BLINE 49. DATA .097.098.101..102

LINE 50.
BLINE 51. END

G. The following shows the completed effort.

The whole program which plots the ideal and actual data is given below. Note
that using different line types and pens for the three lines makes the plotted
results easy to read.

LINE

LINE
LINE
LINE
BLINE
* LINE
* LINE
* LINE
WLINE 9.
LINE 10.
LINE 11.
BLINE 12.
* LINE 13.
* LINE 14.
* LINE 15.
@ LINE 6.
LINE 17.
BLINE 19. FORT=0TO .05 STEP .0005
BLINE 20. Y=1000*(1-EXP(-100*T)*COS(300*TY)
BLINE 2]. X=1*10000
* LINE 22, =+ X,Y:
BLINE 23. NEXTT
LINE 24, 0 o i
BLINE 25. FORT=0TO .05 STEP .0005
BLINE 26. Y=1000*(1-EXP(-60*T)*COS(300T))
BLINE 27. X=T*10000
* LINE 28. ~+ X.
BLINE 29. NEXTT

© NS AL —

W Basic statement. Do not send to plotter.

* A controller-dependent format statement may be required for this statement to be accepted by the
plotter.
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LINE 30, £ s 590, (e it s B L
BLINE 31. FORT=0TO .05 STEP .0005
B LINE 32. READ Ydata
BLINE 33. Y=Ydata*10000
@ LINE 34, X=T*10000
* LINE 35. -
BLINE 36.
LINE 37. &#1:
BLINE 38. DATA0,.005,.013,.022,.033,043,.054,.064,.078
BLINE 39. DATA .088,099,.109,.111,.117,.12,.132,.13,.14
B LINE 40. DATA 143,131,.14,14,.128.127..13,.128..114
BLINE 41. DATA 12,114..11,.109,.1..1,.098,..091,.087
BLINE 42. DATA .092,.089,.085,.082,087,.085,.084,.092
B LINE 43. DATA 093,091,.088,097,.093,.1,,093,.099,.102
B LINE 44. DATA .098..1,.098,.107..1,.103,.101,.103..1..109
BLINE 45. DATA .1..108,.106..103,.102,.105,.097,.104 .103
B LINE 46. DATA 096,096,095,.103.098,.103,.103,.101
B LINE 47. DATA 094 1,099,099 095,101,097,.094, 095
HLINE 48. DATA .102,.094,.098,.099,.099,.104,.102,.099
BLINE 49. DATA .097,098,.101,.102
LINE 50. @
BLINE 51. END
~
5 /A \
1400 + / ; \II_\\ \ PEN 3
1300 v N\
/ N /
1200 4 , \ PEN 2 PEN 4
// \’\\ — L
1100 1 / ‘\ / AN
1000 T ; AR o=
/ \ g ) — C NS X
800 + AN y ¢ —
800 + \ /
7004 ~ 7
800 + /
500 T )
400 i
300 1
!
200 1
100 T 4
% 01 o2 -z 04 .05

TIME (seconds)

BBASIC statement. Do not send to plotter.
* A controller-dependent format statement may be required for this statement to be accepted by the

plotter.
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Suggested Programming Practices

Certain programming practices will assure more effective use of the plotter. Among
these are:

1. Initialize the plotter with the IN or DF command at the beginning of each
program to assure no unwanted parameters are in effect from a prior plot. The
use of IN will set P1 and P2 to default conditions and will enable cutter on
7220T only. The use of DF will not alter P1 or P2 or assure that cutter is
enabled.

2. When operating the 7220T from a remote terminal, use the Output Option
command OO to ascertain if paper advance is on and if paper has been written
on. Advance the paper at the completion of your plot to assure no other user
draws over your plot.

3. Select a pen before the first plot command to assure plot is actually recorded
on the paper.

4. Lift the pen before changing colors to avoid a dot of the new color at the
termination of the last vector.

5. Store the pen (SP0) at the completion of a plot so pens do not dry out.

6. When using A3 or 8% X 11 inch paper, reset Pl and P2 manually or
programmatically to points inside the paper area. Default P2 will scale the plot
beyond the limits of 8!5 by 11 inch paper.

7. When setting up the 7220T for unattended operation you may wish to load
your plotter with a new set of pens. Pens have sufficient ink to draw 140
“typical” full page plots (1 roll) where each plot consists of 10 linear feet of
writing per pen (axes, labels, and lines). If your plots differ from this norm you
may wish to change pens more or less frequently.
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Operating Configurations

The 7220 can be operated in a wide variety of configurations. The two RS-232-C
connectors on the back of the 7220 provide flexibility to allow the plotter to be inter-
faced to a computer and terminal in a modem or hardwire environment. This chapter
describes the installation and operation considerations for these various configurations.

Control Line Protocol

It should be noted that in the On-Line Programmed-On Mode, all data generated by
the plotter is routed to the modem. Data generated by the terminal is routed through
to the modem on a non-interference basis so that data being transmitted by the plotter
will not be interrupted by terminal data. However, all data generated by the host
computer (and passed through the modem) is intercepted by the plotter and is not
passed on to the terminal.

NOTE
The above data routing is true unless Monitor Mode is
active. Refer to “Set Plotter Configurations” in Chapter
3 for a definition of Monitor Mode.

The flowchart that follows is a representation of the subroutine protocol the plotter
observes for On-Line, Local and Standby Modes of operation. The following table
shows the state of the various lines during the above modes of operation.
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MODEM .
MODE {g ESC.@
2ND PARAMETER
BIT O

DATA TERMINAL
READY {CD) SET
HIGH [ON) TO
MODEM

?

1 ( HARDWIRE
MODE

BUFFER
SPACE = DATA
BLOCK S1ZE
?

DATA TERMINAL
READY {CD) SET
LOW {OFF) TO
MODEM

SET REQUEST TO
SEND {CA) LOW
(OFF) TO MOREM

1S
DATA SET
READY (CC)
HIGH {ON] FROM
MODEM

BEGIN PROTOCOL
SUB-ROUTINE

STANDBY

LOCAL

{

SET DATA

TERMINAL READY
(CD} LOW (OFF) TO
MODEM

TRANSFER DATA SET
READY (CC) AND CLEAR TO|
SEND {CB) FROM MODEM
PORT TO TERMINAL PORT

SET REQUEST TO
SEND (CA) HIGH
{ON) TO MODEM

SET REQUEST TO
SEND (CA) LOW
{OFF) TO MODEM

TRANSFER REQUEST TO|
SEND (CA) FROM
TERMINAL PORT TO
MODEM PORT

IS
CLEARTO
SEND {CB) HIGH
(ON) FROM
MODEM

. HARDWIRE YES
ESC.@ ] ( MOOE
2ND PARAMETER 4
BIT1

A

SET DATA TERMINAL
READY (CD} HIGH {ON}
TO MODEM PORT

?

(MODEM a
MQDE

OISABLE DATA
TRANSMISSION

ENABLE DATA
TRANSMISSION

y

SET DATA SET
READY {CC) HIGH
(ON) TO TERMINAL

IS
REOQUEST
TO SEND (CA}
HIGH {ON) FROM
TERMINAL

SET CLEAR TO SEND
(CB) LOW (OFF}I TO
TERMINAL

SET CLEAR TO SEND
(CB) HIGH (ON) TO
TERMINAL

1

”
hd

“Initialized state of bits 0 and 1 is determined
by MODEM/HARDWIRE switch only at
plotter power on.

MODEM =0
HARDWIRE =1

Ly

END OF PROTOCOL SUB-RQUTINE

Interface Protocol Flowchart
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Plotter Modes and Line States

Data Set (Modem) Port Signal Lines

Terminal Port Signal Lines

Plotter
Mode Receive Lines Driven Lines Receive Lines Driven Lines
Standby [ Data Set Ready With DTR Normal Received Line Signal

(CC) turns front
panel data lamp on.

Bypass in normal
sets Data Terminal
Ready (CD) High
(ON) to modem.

Detector (CF).

Local Data Set Ready Sets to Low (OFF) Request to Send Sets to High (ON)
(CC) turns front state: (CA) is monitored. | state:
panel data lamp on.
Data Terminal Data Set Ready
Ready (CD). (CC).
Request to Send Clear to Send (CB)
(CA). if Request to Send
is High (ON).
Transmitted Data
(BA). Received Line
Signal Detector
(CF.)
On-Line | Data Set Ready Data Terminal Request to Send Sets to High (ON)

(CC) turns front
panel data lamp on.

Clear to Send

(CB) is monitored if
Data Set Ready
(CC) is High (ON).

Received Data
(BB) is routed to
plotter if plotter

is programmed
“ON” and through
plotter if “OFF.”

Ready (CD) is set
High (ON).

Request to Send
(CA) is set High if
Data Set Ready
(CC) is High (ON).

Transmitted Data
(BA) is allowed to
be set High (ON) if
Data Set Ready
(CC) and Clear to
Send (CB) are High
(ON).

(CA) is monitored.

If a Break Signal
1s received on
transmitted data
(BA) plotter
generates a 200
millisecond break
on modem Trans-
mitted Data (BA)
line.

Data received is
sent to host com
puter if no output
from plotter is
pending or in
progress.

state:

Data Set Ready
(CC).

Clear to Send (CB)
if Request to Send
(CA) is High (ON).

Received Line
Signal Detector
(CF).
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Transmission Errors

Depending upon its operating mode, the plotter upon receiving either a framing error

or a parity error responds as follows:

RECEIVED
FROM
MODEM

RECEIVED
FROM
TERMINAL

With the plotter programmed-on, the defective byte is dropped from the
buffer and is replaced by the DEL (127,0) ASCII character. The ERROR
light is turned on steady when the delete character is encountered in the
buffer. The plotter, when interrogated, will indicate an output error 15.

With the plotter either programmed-off or in the Standby Mode, the
defective byte is dropped from the buffer and replaced by the DEL
ASCII character.

The response of the plotter upon receipt of a framing error is the same
as its response to a break signal. The break signal aborts output instruc-
tions but does not affect the plotter buffer. The plotter is turned pro-
grammatically off.

A buffer overflow error occurs when more bytes are received by the plotter than the

available buffer space causing the overflowing data to be lost. In this event, an error

marker character overlays the last byte received by the buffer which, when decoded,

causes error 16 to be set and increments the error counter. Typically, this occurs when

the handshake mode has not been set.

Stop Bits

The plotter automatically verifies/generates two stop bits at the 75 and 110 baud rates

and one stop bit at baud rates greater than 110.

NOTE
Two stop bits can be selected at all baud rates. Proce-
dures for doing so are found in the 7220/7221C/T
Service Manual, P/N 07220-90004.

Output Baud Rate

When the plotter responds to an output instruction, its transmission will be at the baud
rate set by the rear BAUD RATE switch.



Operating Configurations

Installation/Operation In A Modem And Terminal Environment

Installation
The 7220 plotter can be connected to a remote computing facility through a data set
(modem) and hardwired to a terminal to complete an operating system. In this type of

installation, the plotter is connected in series between the modem and terminal as
shown in the following figure. Rear panel connections are made as follows:

Terminal to

Modem to

7221-A-24-1

TERMINAL CABLE
MALE TO MALE RS232C/CCITT V.24 oo (ST ot torrmmal]
CABLE (Supplied with plotter}

TERMINAL

COUPLER/MODEM

7220 PLOTTER

7221-A-28-1

Plotter Interconnection With A Terminal And Remote Facility Using Modems

175
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Modem Considerations

When the plotter is installed in a plotting system using certain modems (such as those
meeting the Bell 212 specifications), it is necessary to set the DTR BYPASS/NORM
switch to DTR BYPASS. This avoids problems caused by the modem disconnecting
from the computer when short interruptions occur in the DTR line of the plotter.
When the switch is set to DTR BYPASS, the terminal controls the DTR line and it
remains high as long as the terminal is turned on.

Operation

Six modes of operation are available when the plotter is connected in this type system.
The modes and control settings are as follows:

Power-Off Mode

In this mode the plotter passes data between the host computer and terminal using
relay closures. Plotter front and rear panel control settings are irrelevant.

Standby Mode

In this mode the plotter passes data between the host computer and terminal under
plotter control, but all other plotter circuits are passive. Front and rear panel control
settings are;

Front panel On (set to 1)

On and lamp on steady

Off and lamp off
Off and lamp off

P> On steady if the Data Set Ready line from the
modem is high (active)

Rear panel CONF. TEST: OFF

DTR BYPASS/NORM: Dependent on modem
(See “Modem Con-
siderations™ in this
chapter.)

DURLEX

PARITY ON/OFF: Irrelevant
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PARITY ODD/EVEN:

DUPLEX:

Irrelevant

Irrelevant

HARDWIRE/MODEM: As required

BAUD RATE:

Same as host com-
puter/terminal

In this mode the plotter passes data between the host computer and terminal under

plotter control. The plotter automatically enters this mode when power is applied to

the unit, and remains in this mode until a Plotter On instruction is received from the

host computer or by pressing the pushbutton on the front panel of the plotter.

Front panel

Rear panel

[ N

prR
BYPFASS

on M
PARITY wu
300 LEvEN

HaLF
HARD
WIRE

FICOEM ?
DUPLER

STBY
[ ]
LOCAL)
[ ]
oN
o
LINE

DATA SET
®

On (Setto 1)

Off and lamp off
Off and lamp off

On and lamp on steady

On steady if modem’s Data Set Ready line is

high
CONF. TEST:

DTR BYPASS/NORM:

PARITY ON/OFF:
PARITY ODD/EVEN:

DUPLEX:

HARDWIRE/MODEM:

BAUD RATE:

OFF

Dependent on modem
(See “Modem Con-
siderations™ in this
chapter.)

Irrelevant
Irrelevant
Irrelevant
MODEM

Same as host com-
puter/terminal

177
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On-Line Programmed-On Mode

The plotter enters this mode from the On-Line Programmed-Off Mode upon receipt of

a Plotter On instruction from the host computer or by pressing the pushbutton on

the front panel of the plotter. In this mode the plotter responds to the device control

and graphic instructions from the computer, and passes data from the terminal to the

computer including “breaks.” Receipt of a break from the terminal aborts all plotter

instructions and returns the plotter to the On-Line Programmed-Off Mode. Front and

rear panel settings are:

Front panel

Rear panel

o

,_
o
>
b4

o
3

® > C .o
23 z0=
m m
o

On (setto 1)
Off and lamp off

Off and lamp off

On and lamp flashing upon receipt of Plotter On

On steady if modem’s Data Set Ready line is

high

CONF. TEST:

DTR BYPASS/NORM:

PARITY ON/OFF:

PARITY ODD/EVEN:

DUPLEX:

HARDWIRE/MODEM:

BAUD RATE:

OFF

Dependent on modem
(Refer to “Modem
Considerations” in this
chapter.)

Off for no parity; on
for odd or even parity

Same as host computer
Irrelevant

MODEM

Same as host com-
puter/terminal
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Local Programmed-Off Mode

In this mode, the plotter ignores all data from the host computer and remains in a
passive state awaiting a Plotter On instruction from the terminal or pressing the [%¢"

pushbutton switch on the front panel of the plotter. Front and rear panel control
settings are:

Front panel On (set to 1)
Off and lamp off
On and lamp on steady
Off and lamp off

e On steady, if connected to a modem, and the

modem’s Data Set Ready line is high
Rear panel CONF. TEST: OFF

DTR BYPASS/NORM: Irrelevant

OTR .- |
BYPASS

anire ‘ PARITY ON/OFF: Irrelevant

t“‘:‘ J PARITY ODD/EVEN: Irrelevant

DUPLEX: FULL for echo return
to terminal; HALF for
echo suppression

HARDWIRE/MODEM: MODEM

BAUD RATE: Same as terminal

179
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Local Programmed-On Mode

The plotter enters this mode from the Local Programmed-Off Mode, upon receipt of a
Plotter On instruction from the terminal. In this mode, the plotter responds to device
control and graphic instructions from the terminal. All data from the host computer is
ignored. Front and rear panel settings are:

Front panel On (set to 1)
Off and lamp off

On and lamp blinking upon receipt of Plotter On

ON

e | Off and lamp off

LINE

AT On steady if connected to a modem and the

modem’s Data Set Ready line is high
Rear panel CONF. TEST: OFF
DTR BYPASS/NORM: Irrelevant

PARITY ON/OFF: Off for no parity; on
for odd or even parity

PARITY ODD/EVEN: Same as terminal

DUPLEX: FULL for echo return
to terminal; HALF for
echo suppression

HARDWIRE/MODEM: MODEM

BAUD RATE: Same as terminal
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Installation/ Operation In A
Hardwire Computer And Terminal Environment

Installation

A second type system installation connects the plotter with a computer and terminal by
direct cabling. The plotter is connected in series between the computer and terminal as

shown below. Rear panel connections are as follows:

Terminal to

Computer to

7221-A-25-1

RS232C/CCITT V.24 CABLE |
{Supplied by user)

.. TERMINAL CABLE TERMINAL
{Supplied with terminal)

7220 PLOTTER

| |
| |
| |
| |
[ |
| T
| |
| |

7221-A-28-1

Plotter Interconnection With A Terminal And Remote Facility
Using RS-232-C/CCITT V.24 Cabling
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Operation

System operation in this type installation is identical to operation with a modem and
terminal, except that Data Set Ready is controlled by the host computer. The MODEM/
HARDWIRE switch is set to HARDWIRE and the DTR BYPASS/NORM switch is
set to NORM unless the system uses the terminal to control the DTR line. Refer to
operating procedures for the following six modes as discussed in “Installation/
Operation With A Modem And Terminal™

¢ Power-Off Mode

e Standby Mode

¢ On-Line Programmed-Off Mode
¢ On-Line Programmed-On Mode
¢ Local Programmed-Off Mode

¢ Local Programmed-On Mode

Installation/ Operation With A Computer Mainframe
Installation

In this type system the plotter is adjacent and connected directly to a computer. Plotter
activity is under program control of the computer; however, entry to the computer by a
terminal is through a separate port rather than through the plotter. A figure on the
next page illustrates the system installation, and rear panel connections.

Not connected 3

To computer ¢
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RS232C CCITT V.24 CABLE %
(Supplied by user) 7221-A-26-1

COMPUTER

:

7220 PLOTTER

TERMINAL

7221-A-28-1
Plotter Connection With A Computer Mainframe

Operation

Operation with this type installation is confined to the three modes listed below and
discussed in “Installation/Operation With A Modem And Terminal™:

® On-Line Programmed-Off Mode

® On-Line Programmed-On Mode
e Standby Mode

Installation/Operation In A Terminal Only Environment
Installation
In this type system the plotter is adjacent and connected to a terminal. This type

installation is used for off-line labeling and data point digitizing. The following figure
illustrates this installation, and rear panel connections.

To terminal

Not connected
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7221-A-27-1

TERMINAL

TERMINAL CABLE
(Supplied with terminal}

7220 PLOTTER

13

7221-A-28-1

Plotter Connection With A Terminal
Operation

Operation with this type installation is confined to the three modes listed below and
described in “Installation/Operation With A Modem And Terminal™:

® Local Programmed-Off Mode
® Local Programmed-On Mode
e Standby Mode
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Various Operating Modes

The plotter generally operates in series between a host computer and a terminal in the
six modes described in the following paragraphs.

Power-Off Mode

When the plotter is connected in a communication channel with a host computer and
terminal, and the plotter LINE switch is off, the computer and terminal communicate
through a hardwired relay connection in the plotter as shown below. The plotter
responds to no instructions in this mode.

HOST
COMPUTER

TERMINAL

7220
MODEM PLOTTER TERMINAL
PORT PORT

RELAY
BYPASS

Plotter In Power-Off Mode
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Standby Mode

The plotter is placed in a Standby Mode by setting the LINE switch on and pressing
the front panel pushbutton. In this mode, the pushbutton lamp is on steady

and the plotter processor passes data between the host computer and terminal as
shown in the figure below. The plotter responds to no instructions in this mode.

HOST
COMPUTER

TERMINAL

7220
MODEM PLOTTER TERMINAL
PORT PORT

PROCESSOR

PASSIVE

(PASSES DATA ONLY)

Plotter In Standby Mode
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On-Line Programmed-Off Mode

The plotter is placed on-line in a programmatically off state by one of the following
actions:

a. Initially setting the plotter LINE switch on.

b. Being in On-Line Programmed-On Mode and receiving a Plotter Off instruc-
tion from the computer.

c. Switching from Standby Mode to On-Line Mode using the front panel
and pushbuttons.

In this mode, the pushbutton lamp is on steady and the processor passes data

between the host computer and terminal as shown below. The plotter will respond only
to a Plotter On instruction.

HOST
COMPUTER

TERMINAL

| 7220
MODEM oTT TERMINAL
POR'Ii PL ER PORT

PROCESSOR
SCANS FOR
“PLOTTER ON"
INSTRUCTION

- ———

Plotter In On-Line Programmed-Off Mode
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On-Line Programmed-On Mode

The plotter is switched from On-Line Programmed-Off Mode (the pushbutton

lamp is on steady) to On-Line Programmed-On Mode when a Plotter On instruction,

ON
®

ESC.( or ESC.Y, is received from the host computer or the front panel push-
button switch. When this mode is established, the lamp starts flashing and the
plotter operates in response to instructions received from the host computer as shown
on the following page. The plotter also provides the following outputs when the
computer requests the information:

a. Plotter identification (OI) f. Current pen position (OC or OA)
b. Status (OS) g. Error identification (OE)

c. Buffer size (ESC. L) h. Digitized point (OD)

d. Buffer space (ESC. B) i. Options (00)

e. Current graphic limits (OP) j.  Plotter unit size (OF)

The communication channel from the terminal to the host computer through the
plotter is maintained to provide operator entry into the computer. The communication
channel from the plotter terminal port to the terminal is used in this mode of operation
only if Monitor Mode is active. Refer to “Set Plotter Configuration” in Chapter 3.

The plotter processor monitors the communication channel from the terminal to the
computer for a terminal-generated break signal (a series of space bits). This break
signal causes the plotter to return to the On-Line Programmed-Off Mode. Any in-
process plotter outputs are aborted, incoming data is halted, and plotting continues
until stored buffer data is completed. A new Plotter On instruction from the computer
or front panel is required to resume plotting operations.

NOTE

Pressing the pushbutton will flush all graphics from
the buffer.




Operating Configurations

TERMINAL

HOST
COMPUTER
, ¢ ™)
[
N
— MODEM
PORT
N
OUTPUTS
v
PLOTTER
INSTRUCTIONS

7220 o
PLOTTER fl :SS“T’“NAL

J L

|

|

|

|

[

v

PROCESSOR
SCANS FOR
“BREAK"

Plotter In On-Line Programmed-On Mode

LINE
NOT USED
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Local Programmed-Off Mode

The plotter is placed in the Local Programmed-Off Mode when the LINE switch is
turned on and the front panel pushbutton is pressed. In this mode, the pushbutton

lamp is on steady and the processor scans for a Plotter On instruction from the
terminal as shown in the figure below. The lines between the host computer and the
plotter modem port are not used and any data from the computer is ignored. The rear
panel DUPLEX switch is operational in this mode of operation. When the switch is set
to FULL, the data received from the terminal is echoed (retransmitted) to the terminal.
When the switch is set to HALF, this echo is suppressed and the line from the plotter
terminal port to the terminal is not used.

HOST
COMPUTER

TERMINAL
7220
———= PLOTTER
A\ FULL
mMoDEm | | DUPLEX TERMINAL
PORT' | PORT
LINES
NOT USED |
1 ECHO
PROCESSOR
SCANS FOR
PLOTTER ON
INSTRUCTION
HOST
COMPUTER
TERMINAL
7220
PLOTTER
IN
HALF r—=
DUPLEX | TERMINAL
| PORT
r LINE
! NOT USED
LINES |
NOT USED |

PROCESSOR
SCANS FOR
PLOTTER ON
INSTRUCTION

Plotter In Local Programmed-Off Mode
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Local Programmed-On Mode

The plotter is placed in Local Programmed-On Mode when the LINE switch is on,
the pushbutton has been operated (the pushbutton lamp is on steady) and a
Plotter On instruction is received from the terminal. In this mode, the pushbutton

lamp is flashing and the plotter operates in response to instructions from the terminal
as shown in the figure below. The plotter also provides the same outputs, when re-
quested by the terminal, as provided in the On-Line Programmed-On Mode. The com-
munication channels between the host computer and plotter modem port are not used
and any data from the computer is ignored. The rear panel DUPLEX switch is also
operational in this mode. In FULL DUPLEX the terminal input is echoed to the
terminal, and in HALF DUPLEX the echo is suppressed.

HOST
COMPUTER
TERMINAL
7220
—_——_——— PLOTTER
) IN (
N FULL
MODEM | | DUPLEX TERMINAL
PORT y | ¥ | PORT
LINES
NOT USED /(
ECHO STATUS
QUTPUT
v
PLOTTER
INSTRUCTIONS
HOST
__COMPUTER
7920 TERMINAL
— PLOTTER
IN -
= TN I HALF
MODEM | | DUPLEX TERMINAL
PORT ¢ | PORT
LINES
NOT USED
STATUS
OUTPUT
v
PLOTTER
INSTRUCTIONS

Plotter In Local Programmed-On Mode
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Plotter Default Conditions

Relative character direction Horizontal (DR 1,0)

Line type

Line pattern length
Input window
Relative character size

Scale
Symbol mode
Tick length

Standard character set
Alternate character set
Character slant

Mask value

Digitize clear

Label terminator
Automatic pen pickup
Pen velocity

Adaptive pen velocity

Solid line
4%, of the distance from Pl to P2
Total platen area
(SR.75, 1.5)
width = 0.75% of |[P2x — Plx|
height = 1.5% of | P2y — Ply|
Off
Off
Tp = Tn, 0.5% of |P2x - Plx| for X-tick or
0.5% of | P2y - Ply|for Y-tick.

Set 0
Set 0

223

36 cm/s
Off

P1 and P2 are changed only with the Initialize command (IN). They are not affected by
ESC.K and the Default command (DF).

The current pen location is moved to the lower-right corner with the Initialize
command (IN), but is unaffected by ESC. K and the Default command (DF).

On the 7220T, the cutter is enabled only with the Initialize command (IN). It is not
affected by ESC. K and the Default command (DF).
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HP-GL Error Messages

These error messages are displayed by executing a HP-GL Output Error instruction

OE.
error | Instruction not recognized
The plotter has received an illegal character sequence.
error 2 Wrong number of parameters 4
Too many or too few parameters have been sent with an instruction.
error 3 Bad parameter
The parameters sent to the plotter with an instruction are out of range
for that instruction.
error 4 Reserved
error S Unknown character set
A character set out of the range 0 through 4 has been designated as
either the standard or alternate character set.
error 6 Position overflow
An attempt to draw a character (LB or UC) or perform a CP that is
located outside of the plotter’s numeric limit of +32767.
error 7 Reserved

error 8 Out of paper (72207T)
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Connecting The RS-232-C Interface

The 7220 plotter interfaces to the RS-232-C communications lines through the
MODEM or TERMINAL standard 25-pin female connectors mounted on the back of
the plotter. The plotter is compatible with EIA RS-232-C and CCITT V.24 protocols
but requires only three lines for data communications. These lines are identified and
described in the following table.

MODEM Minimum Interface Connector Pin Allocations

Pin No. RS-232-C CCITT V.24 Function/Signal Level
2 BA 103 Data line from plotter to modem
(TDATA) (ON =“0"=+12V,

OFF =“1"= —12 V)

3 BB 104 Data line to plotter from modem
(RDATA) (ON="0"=4+3Vto+25V;
OFF=“1"=-3Vto—-25V)

7 AB 102 Signal ground (Return line)
(SGND)

TERMINAL Minimum Interface Connector Pin Allocations

Pin No. RS-232-C CCITT V.24 Function/Signal Level
2 BA 103 Data line to plotter from terminal
(TDATA) (ON =“0"=+3 Vto+25V;

OFF =*1"=-3Vto-25V)

3 BB 104 Data line from plotter to terminal
(RDATA) (ON =“0"=+12V;
' OFF =“1"=~ —12 V)

7 AB 102 Signal ground (Return line)
(SGND)
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In addition to the minimum requirements for communications, four more lines are
connected at the TERMINAL and MODEM connectors. These four lines are identified
in the following table.

Additional Connector Pin Allocations

Connector | Pin No. | RS-232-C | CCITT V.24 Function/Signal Level
Terminal 4 CA 105 Request to Send to Plotter
Modem 4 CA 105 Request to Send from Plotter
Terminal 5 CB 106 Clear to Send from Plotter
Modem 5 CB 106 Clear to Send to Plotter
Terminal 6 CC 107 Data Set Ready from Plotter
Modem 6 CC 107 Data Set Ready to Plotter
Both 20 CD 108.2 Data Terminal Ready
ON =“1"=+11.5 V (£5%)
OFF = “0” = —11.5 V (£5%)

These four lines are wired to TERMINAL and MODEM connectors on the rear panel
of the plotter. Their functions are as follows:

1. The Request to Send line (pin 4 TERMINAL or pin 5§ MODEM) does not
have to be used. However, if it is used, it must be controlled as defined by
RS-232-C specifications.

2. The Clear to Send line (pin 5§ TERMINAL or pin 4 MODEM) is always held
high indicating the plotter is ready.

3. Data Set Ready line (pin 6) is activated by the modem to tell the plotter that
the modem is operational and is activated by the plotter to tell the terminal
that the plotter is operational.

4. The Data Terminal Ready line (pin 20) is used in hardwire handshake mode to
monitor the available block space in the buffer. The use of this line is

explained in Chapter 2 under the paragraph entitled “Hardwire Handshake
Mode.”
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RS-232-C Error Messages

These error messages are displayed by executing a @ @ @ instruction.

error 10

error 11

error 12

error 13

error 14

error 15

error 16

Output instruction received while another output instruction is execut-
ing. The original output instruction will continue normally while the
one in error will be ignored.

Invalid byte received following the @ @ in a device control

instruction.

Invalid byte received while parsing a device control instruction. The
device control parameters will be defaulted from the parameter where
the invalid byte was received to the end of the instruction. The invalid
byte will then be parsed.

Parameter out-of-range (too big, too small, or an illegal value).

Too many parameters received for a device control instruction. Addi-
tional parameters beyond the proper number are ignored and the
parsing of the device control instruction ends when a colon (normal
exit) or the first byte of another instruction is received (abnormal exit).

NOTE
The receipt of something other than another
parameter, a semicolon, or a colon will result in
an error type 12 overwriting error type 14.

A transmission error has been detected. These are errors generated by
the Universal Asynchronous Receiver/ Transmitter (UART) (framing
error, parity error, or Overrun error).

The input buffer memory has overflowed. This indicates improper
handshaking. As a result of the overflow, one byte of data has been lost
and therefore eventually a HP-GL error will probably occur.
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Scaling Without Using The SC Instruction

The 7220 plotter movements are in terms of plotter units where plotter unit = 0.025 mm.
It may be convenient for you to write programs where plotter movements are in some
units other than plotter units. These “user units” can be converted into plotter units by
the computer using the following equations:

P2x — Plx P2x—Plx]
=|l—1Ax + PIx — Ulx|/—//———

X scaled [U2x—le] X X X[sz_le
P2y — Ply P2Y—P1Y]
=|——| Ay + Ply — Uly|—/———

Y scaled [U2Y—Uly] 3 Y X[U2Y—Uly

where:

Ax is the X-coordinate of the desired point in user units
Ay is the Y-coordinate of the desired point in user units
Plx i1s the X-coordinate of P1 in plotter units

Ply is the Y-coordinate of P1 in plotter units

P2x is the X-coordinate of P2 in plotter units

P2y is the Y-coordinate of P2 in plotter units

Ulx is the X-coordinate of P1I in user units

Uly is the Y-coordinate of P1 in user units

U2x is the X-coordinate of P2 in user units

U2y 1s the Y-coordinate of P2 in user units
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HP-GL Instructions Summary

This section lists the formal syntax for each plotter instruction. Instructions are listed in

alphabetical order.

AA

AF

AH

AP

AR

CA

Cl

Arc Absolute Instruction Page 104

X-coordinate, Y-coordinate, arc angle (,chord angle) @

Advance Full Page Instruction Page 161

@ or I @ or Fil @

These instructions are not usable on the 7220C plotter.

Advance Half Page Instruction Page 162

O

AH is not usable on the 7220C plotter.

Automatic Pen Pickup Instruction Page 110
"""" (interger) @
Arc Relative Instruction Page 108

X-increment, Y-increment, arc angle (,chord angle) @

Designate Alternate Character Set Instruction Page 123

i+ character set number @

The character set number must be an integer in the range 0 through 4.
If the parameter is omitted, default value 0 is assumed.

Circle Instruction Page 99

199
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CP

CS

DC

DF

DI

DP

Character Plot Instruction Page 139

# of character-space widths, # of character-space heights @

Both parameters must be within the range +127.999. Decimal portion
is optional.

Designate Standard Character Set Instruction Page 123

i character set number @

The character set number must be an interger in the range 0 through
4. If the parameter is omitted, default value (0) is assumed.

Digitize Clear Instruction Page 158

©

Parameters are not used.

Default Instruction | Page 76

0

Parameters are not used.

Absolute Direction Instruction Page 131

run, rise @

Both parameters must be in the range of £127.999. If the parameters
are omitted, default values are assumed.

Digitize Point Instruction Page 157

0,

Parameters are not used.



DR

DT

EC

IM

IN

Appendix

Relative Direction Instruction Page 133

% run, rise (:::)

Run is the desired percentage of |P2x - Plx|. Rise is the desired
percentage of |P2y - Ply|. Both parameters must be in the range of
+127.999. If the parameters are omitted, default values are assumed.

Define Terminator Instruction Page 128

@ @

is the label terminator that must be used to exit from LB
instruction character strings.

Enable Cutter Instruction Page 162

(int) @

EC with no parameter enables the cutter. Zero is the only recom-
mended parameter to disable the cutter. EC is not usable on the
7220C plotter.

Input Mask Instruction Page 152

E-mask value @

The parameter must be in the range of 0 through 255. If the
parameter is omitted, the default value is assumed.

Initialize Instruction Page 77

©

Parameters are not used.

201
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IP

IW

LB

LT

OA

Input P1 and P2 Instruction Page 82

Plx, Ply, P2x. P2y @

Parameters must be in the range of 0 << X < 16000, 0 < Y < 11400. If
the parameters are omitted, default values are assumed.

Input Window Instruction Page 153

Xiower left, Ylower left, Xupper right, Yupper right @

X-parameters must be in the range of 0 to +16000 and Y-parameters
must be in the range of 0 to +11400.

Label Instruction Page 126
character string <ASC>
The ASCII character (parameter <ASC>) 1s the label terminator defined

by the DT instruction. If not set, the terminator will default to ETX.

Line Type Instruction Page 118

.7 pattern number (,pattern length) @

The range of pattern number is 0 through 6 and the range of pattern
length 1s 0.004 to 127.999. If the parameters are omitted, default
values are assumed.

Output Actual Position Instruction Page 145

®

Parameters are not used.



0C

oD

OE

OF

01

00

Output Commanded Position and Pen Status Instruction

Parameters are not used.

Output Digitized Point and Pen Status Instruction

O

Parameters are not used.

Output Error Instruction

N0

Parameters are not used.

Output Factor Instruction

O,

Parameters are not used.

Output Identifier Instruction

©

Parameters are not used.

Output Option Instruction

O,

Parameters are not used.

Appendix

Page 146

Page 159

Page 147

Page 148

Page 149

Page 150
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OP Output P1 and P2 Instruction , Page 83

s By i
C e

Parameters are not used.

OS Output Status Instruction Page 151

®

Parameters are not used.

PA  Plot Absolute Instruction Page 93

=5 X, coordinate, Y coordinate (, Xz coordinate, Y2 coordinate, . . .,
.. ., Xn coordinate, Yn coordinate)

X- and Y-coordinates must be integers and are limited to the range of
+32767 in nonscaled mode and 16383 in scaled mode.

PD Pen Down Instruction Page 92

jo

Parameters are not used.

PG Advance Full Page Instruction Page 96

APPX
PR

See AF.

Plot Relative Instruction Page 96

X, increment, Y, increment (, X, increment, Y, increment, . . .,
.. ., Xn increment, Yn increment)

X- and Y-increments must be integers and are limited to values
between 132767 referenced from the platen point 0,0 in nonscaled
mode, and £16383 in scaled mode.



PU

SA

SC

SI

SL

SM

Appendix

Pen Up Instruction Page 92

O,

Parameters are not used.

Select Alternate Character Set Instruction Page 125

©

Parameters are not used.

Scale Instruction Page 84
=7 Xmin, Xmax, Ymin, Ymax @

All four parameters must be entered. Xmin must be less than Xmax
and Ymin less than Ymax.

Absolute Character Size Instruction Page 135

= width, height @

Both parameters must be in the range of £127.999. If the parameters
are omitted, default values are assumed.

Character Slant Instruction Page 138

tan 0 @

The degree of slant is a decimal number in the range of £127.999 and
is equivalent to the tangent of the angle 8 from the vertical. If the
parameter is omitted, default value is assumed. .

Symbol Mode Page 116

character @

Characters between ASCII 33 and 126, excluding ASCII 59 (;) and
ASCII 44 (), can be used. If the parameter is omitted, symbol mode is
turned off (default).

205
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SP Select Pen Instruction Page 91

pen stall number @

Pen stall number equals 0 to 8.

SR Relative Character Size Instruction Page 137

5 width, height @

Width is the desired percentage of [P2x - Plx|. Height is the desired
percentage of |[P2y - Ply|. Both parameters must be in the range of
+127.999. If the parameters are omitted, default values are assumed.

SS  Select Standard Character Set Instruction Page 124

Parameters are not used.

TL Tick Length Instruction Page 114

" tp,n @

Both parameters must be in the range of £127.999. If both the
parameters are omitted, default values are assumed. If a second
parameter is omitted, negative tick length is 0 and no negative tick is
drawn.

UC User Defined Character Instruction Page 141

(pen control parameter,) X-increment, Y-increment,
(pen control parameter,) (X-increment, Y-increment,)....

Pen control parameter must be an integer (+99 for pen down and —99
for pen up are commonly used). X- and Y-increments can range from
198 character grid units.



VA

VN

VS

XT

YT

Adaptive Pen Velocity Instruction

®

Parameters are not used.

Normal Pen Velocity Instruction

©

Parameters are not used.

Velocity Select Instruction

pen velocity (, pen number) @

The pen velocity parameter should be an integer between 1 and 36. If
the optional pen number is specified, the speed will apply only to
that pen.

X-Tick Instruction

©

Parameters are not used.

Y-Tick Instruction

©

Parameters are not used.

Appendix

Page 111

Page 112

Page 110

Page 113

Page 113
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RS-232-C Instructions Summary

This section lists the formal syntax for each RS-232-C device control instruction.

cleloxaclelo e

Plotter On

Places the plotter in the programmed-on state.

@O0 » @O s

Plotter Off

Places the plotter in the programmed-off state.

»

@ @ @ [(<pEC>) @ (<ASC>)] @ Page 58

Set Plotter Configuration

Enables or disables hardwired handshake mode where:
<DEC> Set maximum buffer size (0 to 9999 characters).

<ASC> Set configuration options character. ASCII decimal equiva-
lent of 4-bit word (0 to 15).

@ Q Page 65

Output Buffer Space

Displays number of byte spaces currently available for data in the buffer.
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O e

Output Extended Error

Displays a decimal code to identify the type of RS-232-C related error that occurred.
Does not indicate what type of HP-GL instruction error may have occurred.

@ @ @ [(<DEC>) @ (<ASC>) @ (CASC>) won (<ASC>)] @ Page 48

Set Handshake Mode 1

Establishes parameters for Set Handshake Mode | where:
<DEC> Block size.

<ASC> Handshake enable character.
<ASC>...<ASC> Handshake string of | to 10 characters.

Dependent upon parameters of Set Output Mode.

@ Q @ [<pEC>] @ [<ASC>] @ {<Asc>}] @ Page 48

Set Handshake Mode 2

Establishes parameters for Set Handshake Mode 2 where:

<DEC> Block size.

<ASC> Handshake enable character.

{<ASC>} Handshake string of 1 to 10 characters separated by semi-
colons.

Independent of Set Output Mode.

209
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=100 page

Abort Device Control

Aborts any partially decoded or executed device control instructions.

@0O® Page 3

Abort Graphic

Aborts any partially decoded HP-GL instructions but permits instructions being
executed to finish.

@ @ @ Page 64

Output Buffer Size

Displays the size of the data buffer. Always displays 928 with standard buffer or 2976
with expanded buffer, unless size changed by ESC . @ command.

@ @ @ [<pEC>) @ (CASC>) @ (CASC>) @ Page 46
(<ASC>) @ (<ASC>)] @

Set QOutput Mode

Sets output mode according to the following parameters

<DEC> Turnaround delay.
<ASC> Output trigger character.
<ASC> Echo terminator character.
<ASC> 1 to 2 output terminators.

<ASC>
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@ @ @ [<oEC>) @ (ASC>) ... (<ASC>)] @ Page 52

Set Extended Output and Handshake Mode

Establishes extended parameters for any output command where:
<DEC> Delay between output characters.

<ASC> ... <ASC> Immediate response string of 1 to 10 characters.

@ @ @ Page 68

Output Extended Status

Displays the status of the 7220T paper advance option by returning a 4-bit status byte.
If executed on a 7220C, the status indicates that the paper advance option is off (not
present).

APPX
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@ @ @ [(<DEC>) @ (KASC>) . .. (<Asc>)] @ Page 52

Set Extended Output and Handshake Mode

Establishes extended parameters for any output command where:
<DEC> Delay between output characters.

<ASC> .. .<ASC> Immediate response string of 1 to 10 characters.

&OE page

Output Extended Status

Displays the status of the 7220T paper advance option by returning a 4-bit status byte.
If executed on a 7220C, the status indicates that the paper advance option is off (not
present).
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ASCII Character Codes

Binary is often used as a code to represent not only numbers, but also alphanumeric
characters such as “A” or “,” or “?” or “x” or “2.” One of the most common binary
codes used is ASCII'. ASCII is an eight-bit code, containing seven data bits and one
parity bit. The plotter uses ASCII for most I/O operations. The parity bit is ignored by

the plotter. For example:

ASCII ASCII
Character Binary Code Decimal Code
A 01000001 65
B 01000010 66
? J 00111111 63

A complete list of ASCII characters and their decimal representation is given next.

APPX

' American Standard Code for Information Interchange.
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7220 Function/Character Set

Decimal ASCII
Code Character Set 0 Set 1 Set 2 Set 3 Set 4
0 NULL No Operation (NOP)
1 SOH NOP
2 STX NOP
3 ETX Default End Label Instruction
4 ETO NOP
5 ENQ NOP
6 ACK NOP
7 BEL NOP
8 BS Backspace
9 HT NOP
10 LF Line Feed
11 VT Inverse Line Feed
12 FF NOP
13 CR Carriage Return
14 SO Select Alternate Character Set
15 S1 Select Standard Character Set
16 DLE NOP
17 DClI NOP
18 DC2 NOP
19 DC3 NOP
20 DC4 NOP
21 NAK NOP
22 SYN NOP
23 ETB NOP
24 CAN NOP
25 EM NOP
26 SUB NOP
27 ESC NOP
28 FS NOP
29 GS NOP
30 RS NOP
31 usS NOP
32 SP Space
33 ! ! ! | ! i
34 » ! ! . . !
35 # # # £ £ é
36 $ $ $ $ $ $
37 % % % % % %
38 & & & & & &
39 K ’
40 ( ( ( ( ( (
41 ) ) ) ) ) )
42 * * * * * *
43 + + + + + +
44 ,

NOTE: Plotter will perform an automatic backspace before drawing any of the shaded symbols.
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Plotter ASCII Code Definitions (Continued)

-
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Plotter ASCII Code Definitions (Continued)

Appendix 215

Decimal
Code
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7220 Function/Character Set
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Subject Index

a Cutter, Enable Instruction ............. 162

CllInstruction ............c..cciivinun.. 99
Abort Device Control Instruction ........ 63  CPlInstruction ....................... 139
Abort Graphic Instruction .............. 63 CSInstruction ............cccouvuun... 123
Absolute Character Size Instruction ..... 135
Absolute Direction Instruction .......... 131
Absolute Plotting ...................... 93 d
Accessories Available .................... 6
Accessories Supplied .................... 5 Default Conditions ................. 76,193
Adaptive Pen Velocity Instruction ....... 11 Default Instructions .................... 76
Advance Full Page Instruction .......... 161 Default Scaling .................... 80,193
Advance Half Page Instruction ......... 162 Define Terminator Instruction .......... 128
Air Filter, Cleaning .................... 11 Designate Standard Character
Alternate Character Set ................ 125 Set Instruction .........oooouunn... 123
Arc Absolute Instruction .............. 104 Device Control Instructions ............. 43
Arc Relative Instruction ............... 108 Digitize Clear Instruction .............. 158
ASCH Character Codes ............... 212 Digitize Point Instruction .............. 157
Automatic Pen Pickup Digitizing Sight,

Instruction AP ................... 10 Installation/ Operation .............. 32
AAlnstruction ....................... 104 Digitizing With The 7220 ........... 160,131
AF Instruction ....................... 161 Direction, Character ............... 131,133
AH Instruction ...................... 162 DClnstruction ............oovvvnen... 158
AP Instruction ....................... 110 DF Instruction .. .. ..., 76
AR Instruction .............. ... ..., 108 DI Instruction .. ......oeooonennn.. 131

DP Instruction ....................... 157

DR Instruction ...................... 133
b DT INStruction . ........ooveeeeeenn... 128
Buffer Size, Output .................... 64
Buffer Space, Output .................. 65 e

Electrostatic Paper Hold-Down,
C Cleaning .......coovviiiiiiiunnen.. 10

Enable Cutter Instruction .............. 162
Character Direction ................ 131,133 Enquire/Acknowledge Handshake ........ 40
Character Grid ....................... 136 Error Mask Value (E-Mask) ............ 152
Character Plot Instruction ............. 139 Error Messages, HP-GL ............... 147
Character Sets ....................... 121 Error Messages, RS-232-C ........... 67,197
Character Size .................... 135,137 ETX (Lable Terminator) ............ 126,128
Character Slant Instruction ............ 138 Extended Status Bit Definition ........... 69
Character Spacing .................... 136 EClInstruction ....................... 162
Circle Instruction ...................... 99 ESC.®@ Instruction ................... 58
Cleaning, Plotter ................... 10, 11 ESC . (Instruction .................... 44
Coding, ASCII Character .............. 212 ESC . )Instruction .................... 44
Confidence Test ............coviuvnnn. 26 ESC .Blnstruction .................... 65
Control Line Protocol ................. 171 ESC . EInstruction .................... 66
Controls And Indicators ................ 13 ESC .HlInstruction ................... 48
Controls And Indicators, 7220T Only ..... 20 ESC . IInstruction .................... 48
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ESC . JInstruction .................... 63
ESC . KInstruction ................... 63
ESC.LlInstruction ............cccvvun. 64
ESC . M Instruction ................... 46
ESC . Nlnstruction ................... 52
ESC . OlInstruction ................... 68
f
Format, <DEC> And <ASC> .......... 45
Frames, Stop Bit ..................... 174
Front Panel Controls .................. 18
Fuse ... i 8
g
Graphic Limits ..................... 81,153
Grid, Character ............ccvvunnn. 136
Grounding Requirements ................ 7
h
Handshake, Hardwire .................. 36
Handshake Mode 1 Instruction .......... 48
Handshake Mode 2 Instruction .......... 48
Handshake Protocol ................... 33
Handshake, Software Checking .......... 41
Hardwire Handshake Mode ............. 36
Height Of Characters .............. 135,137
HP-GL Error Messages ............ 147,194
HP-GL Instruction Set Summary ..... 72,199
1
Initialization, Plotter ................... 29
Initialize Instruction ................... 77
Input Mask Instruction ................ 152
Input P1 And P2 Instruction ............ 82
Input Window Instruction ............. 153
Installation, Computer Mainframe

Environment .............cc0u.... 182
Installation, Hardwire Computer

And Terminal Environment ......... 181
Installation, Modem And Terminal

Environment ..................... 175

Installation, Terminal Only

Environment ..................... 183
Installation/ Operation Of The

Digitizing Sight .................... 32
Instruction Set, HP-GL  ............. 72,199
Instruction Set, RS-232-C ............ 43,208
Instruction Syntax ...................... 2
Interface, RS-232-C ................... 195
I/0 Control Group .................. 43,44
IM Instruction ....................... 152
IN Instruction ........................ 77
IP Instruction ......................... 82
IW Instruction ....................... 153
|
Labeling ............. ... .ot 121-144
Label Instruction ..................... 126
Label Terminator (ETX) ............ 126,128
Label Terminator Instruction ........... 128
Lettering ............... ... ol 121-144
Limits, Graphic ............... 79-81,84,153
Limits, Mechanical .............. 79-81,153
Line Type Instruction ................. 118
Line Voltage Selection ................... 8
LoadingPens ......................... 21
Loading Roll Paper .................... 24
Loading Sheet Paper ................... 23
Local, Programmed-Off

Operating Mode ............... 177,190
Local, Programmed-On

Operating Mode ............... 180,191
Lowering The Pen ................... 31,92
LB Instruction ....................... 126
LT Instruction ....................... 118
m
Maintenance, Operator ................. 10
Maintenance, Periodic ............... 10,11
Mask, Error ..., 152
Mask, Status ........... .. ... 147,152
Mechanical Limits ............... 71-81,153
n
Normal Pen Velocity Instruction ........ 112



0
On-Line Programmed-Off

Operating Mode ............... 177,187
On-Line Programmed-On

Operating Mode ............... 178,188
Operating Configurations ........... 171-192
Operating Mode, Local

Programmed-Off ............... 179,190
Operating Mode, Local

Programmed-On ............... 180,191
Operating Mode, On-Line

Programmed-Oft ............... 177,187
Operating Mode, On-Line

Programmed-On ............... 178,188
Operating Mode, Power Off ......... 176,185
Operating Mode, Standby .......... 176,186
Operation, Computer Mainframe

Environment ..................... 182
Operation, Hardwire And Terminal

Environment ..................... 181
Operation, Modem and Terminal

Environment ..................... 176
Operation, Terminal Only

Environment ..................... 183
Operator Maintenance ................. 10
Out Of Limits Conditions . ...... 93,79-81,152
Output Actual Position Instruction . ..... 145
Qutput BaudRate ..................... 174
Output Buffer Size Instruction ........... 64
Output Buffer Space Instruction ......... 65
Output Commanded Pen Position

And Status Instruction ............. 146
Output Digitized Point

And Pen Status Instruction ......... 159
Output Error Instruction .............. 147
Output Extended Error Instruction ....... 66
Output Extended Status Instruction ....... 68
Output Factor Instruction ............. 148
Output Group Instructions ............ 43,64
Output Identifier Instruction ............ 149
Output Option Instruction ............. 150
Output P1 And P2 Instruction ........... 83
Output Status Instruction .............. 151
OAlnstruction ....................... 145
OC Instruction ....................... 146
OD Instruction ...................... 159
OE Instruction ....................... 147
OF Instruction ....................... 148
Ol Instruction ....................... 149
00 Instruction ....................... 150
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OPInstruction ................ccvvvu.. 83
OSInstruction ....................... 151

P

Paper Advance Features,

7220T Only ....ovvivnnn ... 161,162
Paper Advance Instructions ......... 161,162
Paper, Roll Loading ................... 24
Paper, Sheet Loading .................. 23
PenControl ..................... 30-32,92
Pen Down Instruction .................. 92
Pen Position And Status ............ 145,146
Pen Stall Cleaning ..................... 11
Pen Up Instruction .................... 92
Pens, Loading ........................ 21
Periodic Maintenance ................ 10,11
Pin Allocations,

RS-232-C Connector ............... 195
Plot Absolute Instruction ............... 93
Plot Enhancement ................. 113-120
Plot Relative Instruction ................ 96
Plotter Default Conditions ........... 76,193
Plotter Initialization ................... 29
Plotter Off Instruction .................. 44
Plotter On Instruction .................. 44
Plotter Status ........................ 151
Plotter Units, Absolute ................. 79
Plotter Units, User ..................... 80
PowerCords ............ ..., 8
Power Cord Configurations .............. 9
Power Off Operating Mode ......... 176,185
Power Requirements .................... 7
Protocol, Control Line ................ 171
Protocol, Handshake ................. 171
PA Instruction ........................ 93
PDInstruction ...............ccov.n.. 92
PG or PG1 Instruction ................ 161
PR Instruction ........................ 96
PU lInstruction ........................ 92
r
Raising The Pen .................... 31,92
Relative Character Size Instruction ...... 137
Relative Direction Instruction .......... 133
Relative Plotting ...................... 96

Relocating P1 And P2 .................. 82
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Returning The Plotter For Service ........ 11
Roll Paper, Loading .................... 24
Rotating Characters ............... 131,133
RS-232-C Connector Pin Allocations ..... 195
RS-232-C Error Messages ............ 67,197
RS-232-C Instruction Summary ....... 43,208
RS-232-C Interface .................... 195
RS-232-C Setup Procedures ..... 171-192,195
Running The Confidence Test ........... 26
S
Scale Instruction ...................... 84
Scaling Without Using The

SC Instruction .................... 198
Select Alternate Character Set

Instruction ....................... 125
Select Pen Instruction .................. 91
Select Standard Character Set

Instruction ....................... 124
Set Extended Output And

Handshake Mode Instruction ......... 52
Set Handshake Mode 1 Instruction ....... 48
Set Handshake Mode 2 Instruction ....... 48
SetOutput Mode ...................... 46
Set Plotter Configuration Instruction ..... 58
Setting Up The Plotter, General .......... 21
Size, Character ...........cvu... 135,137
Shipment .............. ... ... .. ... 11
Slant, Character .............c.ccvuuu... 138
Software Checking .................... 4]
Spacing Between Characters ............ 136
Standby Operating Mode ........... 176,186
StopBits ............ ... .. ... ... 174
Summary, ASCII Codes ............... 212
Summary, HP-GL Instruction Set ..... 72,199
Summary, RS-232-C Instruction Set ... 43,208
Symbol Mode Instruction ............. 116
Syntax Conventions .................... 2
SA Instruction ....................... 125
SClInstruction ........................ 84
SIInstruction ..............c.cvvuun.. 135
SLInstruction ....................... 138
SMinstruction ...................... 116
SPInstruction ........................ 91

SRlInstruction ....................... 137
SSInstruction ............ccivunnn.. 124
t
Tick Instructions ..................... I13
Tick Length Instruction ............... 114
Transmission Errprs .................. 174
TL Instruction .............covvvun... 114
u
Unpacking and Inspection ............... 4
User Defined Character Instruction ...... 141
UserUnits ........ciiviiiiiiinneenn. 84
Using The Handshake

Modes ...........con.. 33,36,38,40,41
UCInstruction ............c.ovvvvn.. 141
A\
Velocity, Adaptive Pen ................ I11
Velocity, Normal ..................... 112
Velocity Select Instruction .............. 110
VAlnstruction .............ccouvuv... 111
VN Instruction ...............c.cv.... 112
VSInstruction .........c.coinunnnnnn. 110
w
Window, Input Instruction ............. 153
Window Plotting .................... 153
X
Xon-Xoff Handshake .................. 38
X-Tick Instruction .................... 113
XT Imstruction ...................... 113

y

Y-Tick Instruction .................... [13
YT Instruction ....................... 113
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