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Herstellerbescheinigung
Hiermit wird bescheinigt, dag das Gerdi/System

HP 7090A MEASUREMENT PLOTTING SYSTEM

in Ubereinsfimmung mit den Bestimmungen von Postverfigung 1048/84 funkentstért ist.

Der Deutechen Bundespost wurde das inverkehrbringen dieses Gerates/Systems angezeigt
und die Berechiigung zur Uberprifung der Serie auf Einhaltung der Bestimmungen eingeraumt.

Zusatzirformation fir Mef- und Testgerite

Werden Meg- und Testgeréts mit ungeschirmien Kabeln und/oder in offenen Megaufbauten
verwendeat; so ist vom Betreiber sicherzustellen, dag die Funk-Entstdrbestimmungen unter
Betriebsbedingungen an seiner Grundstiicksgrenze singehalten werden.

Manufacturer’s declaration
This is to certify that the equipment

HP 7090A MEASUREMENT PLOTTING SYSTEM

is in accordance with the Radio Interference Requirements of Directive FTZ 1046/1984. The
German Bundespost was notified that this equipment was put into circulation, the right to
check the series for compliance with the requirements was granted.

Additional Information for Test- and Measurement Equipment
tf Test- and Measurement is operated with unscreened cables and/or used for measurements

on open set-ups, the user has io assure that under operating conditions the Radio interference
Limits are still at the border of his premises,
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How to Use HP 7090A Documentation

The HP 7080 can be used as a stand-alone instrument, or as a programmablr
input/output-component of a computer-based system. Therefore, two sepa
rate manuals are provided — an Operator’s Manual (Part No. 07090-50002),
which details front-panel (stand-alone) operations, and an Interfacing and
Programming Manual (Part No. 07090-90001}, which details programming
operations. A Pocket Guide (Part No. 07090-90004) is also included for use
as a quick programming reference. :

Using the documentation systematically will help you to achieve optimum
resulis in the shortest possible time, and save hours of frustrating experi-
mentation. Contents of the manuals are summarized below, followed by
suggestions on using the documentation based on your application.

The OQperator’s
Manual

The operator’s manual containg all of the information necessary to perform
measorement and plotling operations using front-panel controls. Chapters
1 and 2 contain important information on instrument installation and
maintenance, how to ioad pens and paper, and how to use the controls. The
remaining chapters detail how to set up and perform measurement and
plotiing operations.

The Interfacing
and Programming
Manual

The interfacing and programming manual containg all of the information
vou will need to perform remote-controlled operation of the HP 7080. A
complete description of all programming instructions usable for recorder
and plotter functions is included, as well as directions on using the HP-1B
interface bus to interface the HP 7380 with specific computers.

The Pocket
Guide

The pocket guide is intended for those who are already familiar with the
information contained in the interfacing and programming manual, and
who need a convenient reference while programming the HP 7080. Each
programming mstraciion, along with its parameters and function, is lsted
in alphabetical order.

For All
HP 7090 Users

If you have just received your HFP 7080, or are just learning to use it, read
the following portions of the operator’s manual before attempiing any front-
panel or programming operations:

Chapter 1. This chapter will help you setup the HP 7090. It contains
important information on the accessories provided, instro-
ment instaliation, maintenance, and power requirements.

Chapter 2. This chapter will acquaint you with the HP 7090’s major
featuras, controls, and operating modes. In addition, it ex-
plains how to load pens and paper in preparation for meas-
urement and plotter applications.

Chapter 8. The section in this chapter entitled “Connecting Anzlog
Input Signals” contains information on connecting analog
input signals intended for measurement, as well as instruc-
tions on use of the guard switch. To prevent damage to the
HP 7030, be sure to read this section before performing any
meagurement operation.

viii Documentation Usage
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After reading the Introductory material listed above, refer to the manual
that is switable for your application. If vou infend o use the HP 708G as a
stand-aloné instrument, read the remaining portiens of the operator’s
manual. On the other hand, if you intend to interface the HP 7090 with a
host computer and perform programming operations, read the interfacing
and programming manual, using the operator’s manual as an additional
source of information on specific topics. After you are comfortable with
using the HP 7080 pregramming instructions, the pocket guide can be used
as & handy reference.

Before reading this manual, you should understand the meaning of type
styles, symbols, and number representation used ip text, Words typed in
SMALL BOLDFACE TYPE are either buttons, switches, or words actually foumd
on the HP 7080 or computer. Headings in large, colored type identify specific
parts of the discussion of an instruction. BOLD SONBENSER TYPE denotes a
single ASCII character which should be sent to the HP 7080. Numbers are
typed using SI (International System of Units) standaxds: Le., numbers
with more than four digits are placed in groups of three, separated by a
space instead of commas. The groups are counted both to the left and right
of the decimal point (54 321.12345).

Understanding
Manual Conventions

Documentation Usage ix
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Chapter 1

Introduction to
Programming

What Youw’'ll Learn in This Chapter

This chapter briefly describes the HP 7080’s measurement and plothing
capabilities and its programming instruction sets and their syntax. Addi-
tional information describes the compuiers and programming languages
that can be used, the connection and addressing requirements, and how to
communicate with the HP 7090 using several Hewlett-Packard computers.

Terms You Should Understand

HP-IB (Hewlett-Packard Interface Bus — HP's implementation of the IEEE
standard 488-1978 digital interface for programmable instrumentation,

HP-RL (Hewlett-Packard Recorder Language) — the 1/0 instructions un-
derstood by the HP 7090 that control the recorder and data acquisition
functions.

HP-GL (Hewlett-Packard Graphics Language) — the 1/0 instructions un-
dersiood by the HF 7090 that control the plotter functions.

A Brief Look at the HP 7090

The HP 7090 is a three-channel analog-to-digital data acquisition system
and a digital plotier packaged into a single instrument. The HP 7080 can
operate as a conventional X-Y recorder, a8 waveform recorder, a data acqui-
sition system componeni, or a six-pen vector plotter. Recordings and plots
¢an be produced on four sizes of paper or fransparency film.

ISO A4 (210X 297 mm) ANSL A (84X 11in)
ISO A3 (287 X 420 mm) ANSIB (11 X17in)

The three floating and guarded anglog input channels will accept a maxi-
mum input voltage of 200V, dec or peak, and provide XY or ¥-T direct
recording for signals up to approximately 10 Hz and X-Y-Y or Y-Y-¥-T
buffered recording for signais up to approxirmately 3 kHz. The range sensitivity
of each channel may be set independently from 5mV to 100V full scale.

The direct recording mode is functionally equivalent to sn X-Y recorder and
is used to produce real-time recordings of low-frequency analog signals
(amplitude dependent to 10 Hz). The sampling rate for all direct recordings
is 250 samples/s. Slewing speed in this mode ie 125 cm/s; acceleration is

Introduction to Programming 1-1



approximately 1860 cm/s® Any one of the three Input channels may be
plotied against time. Sweep time for Y-T (versus-iime} measurements is
determined by the total time setting, and times of 1.0 second to 24.0 hour
may be used. In addition to versus-time measurements, X-Y (versus-chani,
measurements can be made in which channel 1 or channel 2 is plotted
against channel 3. The duration of versus-chand mesasurements is deter-
mined by the specified total time setting, unless manual triggering is used

- and the measurement is initiated from the front panel. In this case, versus-
chan3 measurements are “freerunning.”

The buffered recording mode is functionally equivalent to a waveform re-
corder and can be used to perform hoth versus-time and versus-chan3 meas-
urements. In this mode, 1000 samples from each channel are digitized and
stored in separate buffers at a rate determined by the total time setfing.
Each buffer is simultaneousty filled in the specified fime and measurement
durations from 0.03 seconds to 24.0 howrs are allowed. The stored sample
values can subsequently be plotted or sent to a computer.

The HP 7090 includes manual, external, and internal channel 1 trigger
capabilities. The internal trigger mode allows = slope triggering at a set
voltage level, tripgering when the signal level is outside the voltage window,
or when the signal level is inside the voltage window. Storing a digitized
signal beginning before or some time after the trigger point is also possible
using the preirigger and postirigger capabilities. Pretrigger recording
aliows information to be recorded before the trigger point, which aids the
user in determining the events which led up to the trigeer. Post-trigger
recording mserts a precise delay between the trigger point and the begin-
ning of recording. This feature is important if the portion of the incoming
waveform containing useful information cecurs a gpecific length of time
after trigger conditions are met.

The data acquisition mode permiis the transfer of digitized data to a com-
puter. When taken directly from the A/ converters, the data sample sets
can be continuously streamed or & finite number of data sample sets be-
tween 1 and 32767 can be sent. Data sample sets between 1 and 1000 can
also be sent from the buffers. Data is transferred directly at a maximum
rate of 500 sample sets per second, but buffered data sets can be sent as fast
as the computer can receive them. In each case, the sample sets can be sent
in gither ASCII or binary formats.

The plotter mode allows the HP 7090 to be used as a conventional digital
plotier to produce multicolor graphics. Graphs can be annotated 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. Trace
identification capabilities inelude symbol mode plotiing and seven program-
mable dashed-line fonts,

The HF 7080 powers up in the plotier mode and specific instructions must
be executed to enter the recorder or data acquisition modes.

Stand-Alone Versus Programmed Operation

The HP 7090 can be programmed to do everything you can do from the
front panel, except initiate a “free-running” versuschand measurement
and access the DATA DISPLAY and SAVE/RESTORE SETUF features. In addition,
bhuffered or real-time data can be output to a computer in the data acquis’

tion mode. This data, or some moadified form of it, can subseguentiy be sem
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to the HP 7090 for plotiing and annotation. The front panel can also be
deactivated to prevent inadvertent interruption of long time duration
measurements.

The data acguisition mode and most plotter functions are the main features
that cannot be accessed from the front panel. This means that you don’t
have to learn to program to pexform direct and buffered recording measure-
ments. For full details of how to use the front panel, refer to the HP 7090
Operator’s Manual,

The HP 7090 Instruction Set

Two types of instructions are used to program the HP 7090: HP-RL and
HP-GL. HP-RL instructions are used to control the recording and data
acquisition functions. HP-GL instructions are used to control the plotter
functions. Both types of instructions consist of a two-letter code, its parame-
ter field, if any, and & terminator. The parameters are interpreted in accord-
ance with the functions defined by the twoletter code. In most cases, the
code letters are mnemonics that should help you remember the instruction.
For instance, SP is the code for selecting a pen. This instruction uses only

. one parameter to define the number (1 through 6) of the pen to be selected

i.e., SP 4 selects pen number 4).

The two-letter mmemonie of each instruction may be upper- or lowercase. If
parameters foliow the mnemonic, they must be separated from each other
by at least one comma or space. Optional commas and/or spaces may be
used as separators before,; after, and hetween the mnemonic and before the
terminator. All instructions will execute immediately after the mnemonic
or last possible parameter is received. However, an instruction is normaliy
terminated by a semicolon, line feed, or the first letier of the next mnemonic.
The label instruction, LB, is a spacial case; it must be terminated with the
izbel terminator character. This character defaults to the ASCIL end-oftext
character, ETX (decimal eguivalent 3). The label terminator may be
changed from its default value using the DT instruction.

The following diagram illustrates the general instruction syntax and where
optional separators may be inserted.

INSTRUCTION PARAMETER FIELD
MNEMONIC {AS REQUIRED!} {AS REQUIRED)

1 | |

Sep X Sep X Sep Parameter Sep Parameter Sep Terminator
B < T

H
OPTIONAL SEPARATORSE REQUIRED SEPARATOR

{ZERO OR MORE COMMAS
AND/OR SPACES}

HP-RL and HP-GL
Syntax

The parameter fields must be specified in the range and format defined by
each respective instruction. The format can be of three types:

1. Integer Format — any number subset between —32768 and +32767.
Deecimal fractions, if included, are truncated. If no sign is specified, the
parameter is assumed to be positive.

Parameter Formats

Intreducton to Programming



2. Real Format — any number subset between —32768.0000 and

- +82767.9999. The decimal point may be omitted when no decimal frac-

tion is specified. If no sign is specified, the parameter is assumed to be
positive,

3. Label Fields — any combination of .&SCH characters. Refer to the LB
instraction, Chapter 8, for the complete description.

NOTE: All ASCII control characters (decimal equivalents 0 through 31
and 127) are ignored, except as label characters.

Notations Used for  Thesyntax shown under the description for each instruction uses the follow-
Expressing Syntax  ing notations.

MNemonic — For readability, the mnemonic is shown uppercase and sepa-
rated frorm the parameters and/or terminator.

( — All parameters in parentheses are optional.
6..2) — Any nuraber of optional X,Y coordinate pairs.
c...0 - Any mumber of labeling characters, '

Terminator — A semicolon, line feed, or the next mnemonic are valid
terminators.

Syntax Compatibility  The syntax implemented on the HP 7090 is extremely flexible and differs
from that used on other plotters such as the HP 9872. Therefore, any sofi-
ware written for the HP 7090 plotter function which takes advantage of its
less rigorous syntax will not be able to drive earlier devices. H software is to
be written o drive other TIP-GL. plotiars, the more rigorous syntax of the
HP 9872 should be used. The following diagram illustrates the general
syntax of the HP 9872 plotter.

XX Parameter (, Parameter) Terminator
MNEMONIC T E: OPTIONAL PARAMETER

The HP 9872 syntax tofally ignores spaces. It does not allow commas
between the characters of the mnemonic, only one comma must separate
parameters, and only a semicolon or line feed may be used as the termina-
tor. In addition, parameters requiring integer format may not contain a
decimal point or decimal fraction.

HP-RL and HP-GL. AN HP-RL and HP-GL instructions are listed alphabetically in the follow-
Instruction Lists  ing tables. The complete explanation for each instruction is contained in
the indicated chapter. Refer to Appendix C for a list of other instructions
which are recognized, but cause no operation. These instructions are in-

cluded for software compatibility with other HF plotters.
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HP-RL

Mnemonie Funection Chapter Tnstruction Set
DG Draw grid 3
DO Set, data output 4
L Set grid divisions 3
134 Set full scale range 3
IT Set real-time clock 3
1Z Set zero and full scale 3
MS Measurement start 4
MT Measurement terminate 4
PL Plot buffer 4
QA Query trigger level and width 3
&B Query total time 3
QC Query channel status 1z
ab Guery divect A/D data samples 4
QG Query post- and pre<trigger time 3
QI | Query buffered A/D data samples 4
QL | Query grid divisions 3
QM Query recording mode 3
QR Query full seale range 3
Qs Query recorder status C12
QT Query trigger mode 3
QU Query trigger time 3
Qv Query dc offset , 3
QW Query real-time clock ) 3
QT Query zero and full scale points 3
RE Set recording mode 3
RL Remote/local - 11
8D Set sample delay 4
3% Set de offset 3
TA Set trigger level and widih 3
T8 Set total ime 3
TD Label time and date 3
TG Set post- and pre-trigger time 3
™ Set trigger mode 3
X8 Set plotter or recorder status byte for 12

polling

N
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HP-GL
Instruction Set

Mnemonie Function - Chapter
CA Designate alternate character set 8
cr Character plot 8
CS Designate standard character set 8
DF Set default values 2
DI Set absolute label direction 8
DR Set relative label direction 8
DT Define label terminator 8
M Input errar and polling masks 12
iN Initialize 2
w Input P1 and P2 6
Iw Input window (soft-cp limits) 6
LB Label ASCII string 8
Lo Set label origin g
LT Set line type 7
A Output actual position and pen status 10
oC Qutput commanded position end penn 10

status
OE Qutput exror 12
OF Cutput factors 19
QOH Output hard-clip limits 2
QI Output identification 10
00 Ouiput options 10
oF Output P1 and P2 6
08 Output plotier status 12
oW Ouiput window (soft-clip Hmits) 8
QY Locate syntax error 12
OZ Output command string 10
PA Plot absolute B
D Pen down B
PR Plot relative 5
PSs Paper size 2
PU Pen up 5 .
RO Rotate coordinate system 18
SA Select alternate set 8
8C Secale _ 6
S1 Set absolute character size 8
8L Set character slant 8
5M Set symbol mode 7
sP Select pen _ 5
SR Set relative character size 8
88 Belect standard set 8
TL Bet tick length 7
vs Velocity select 5
XT K-axis tick 7
YT Y-axis tick 7

16 Introduction to Programming




What Computer and Programming Language Do I Use?

Any ASCII based computer with an HP-IB interface and a programming
language that is capable of sending literal strings of HP-RL and/or HP-GL
instructions can be used to remotely control the HP 7090, The literal strings
of HP-RL and HP-GL instructions are the only data that the HP 7090
understands. The programming language statements (BASIC, FORTRAN, |
PASCAL, and etc.) are only used to tell the computer what to do. Refer to
the section Sending Instructions to the HP 7090, in this chapter, for exam-
ples using varicus HP computers.

If you have an HP computer, graphics staternents for the plotter are avail-
able as an extension to BASIC. Sometimes this extension is called AGL
(A Graphics Language). AGL statements resemble English so you can
understand them, but they translate their functions into HP-GL so that the
HP 7090 can understand them. Depending on your computer, AGL state-
ments might be part of the supplied BASIC language set, or they might be
available separately in a device called a plotter ROM (read-only memory).
You can program the HP 7000 using AGL, HP-GL, and HP-RL in the same
program. The HP 17090A Measurement Graphics Software package is avail-
able to perform many of your measurement graphics functions if you have
an HP 9000, Series 200 computer (models 216, 226, 236; previously models
9816, 9825, 9836).

Initial HP-IB Setup and Addressing

To communicate effectively with the HP 7090, it is important that you
completely understand the addressing protocol of your computer. Therefore,
you may wish to review this aspect of your computer before proceeding.

On low level computers, addressing devices on the HP.IB bus is ac- Computers with
complished using mnemonics, such as CMD, which serve as the “bus . - No High Level

command.” : 170 Statements
When bus commands are necessary, a typical addressing sequence is

< Unlisten Command>  <Talk Address>»  <Listen Address>

This sequence is made up of three major parts which serve the following
purposes:

1. The unlisten command is the universal bus command with a character
code of “?”. It unaddresses all listeners. After the unlisten command is
transmitted, no active listeners remain on the bus.

2. The talk address designates the device thatis to talk. A new talk address
automatically unaddresses the previous talker.

3. The listen addresses designate one or more devices that are to listen. A
listen address adds the designated device as listener along with other
addressed listeners.

This basic addressing sequence simply states who is fo talk to whom. The
unlisten command (“?”) plays a vital role in this sequence. It is important
that a device receive only the data that is intended for it.

L American Standard Code for Information Interchange
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When a new talk address is fransmitied in the addressing sequence, the
previous talker is unaddressed. Therefore, only the new talker can send
data on the bus and there is no need to routinely use an untalk command
the same manner as the unlisten command.

Computers with  In more powerful computers, higher level input/output (I/0} statements

High Level /0  are used to specify device addresses on the HP-IB bus. In these cases, the

Gtatements  addressing protocol (unlisten, talk, listen} is 2 function of the computer’s
internal operating system and need not be of concern to the user.

Connecting the A standard HP-IB cable connected to the Hp-1B connector on the rear panel
HP 7090  is all that is required to connect the HP 7080 to your computer. Analog
input signals are connecied to the three CHANNEL input connectors on the
front panel. Refer to the HP 7090 operator’s manual for complete instruc-
tions on the use of the GUARD connectors.

Addressing the  The HP 7090 can function in either addressable mode or listen-only mode.
HP 7090 In addressable mode, the HP 7080 can function as a talker or as a listener
depending on the instructions it receives from the computer. In listen-only

mode, it can only listen and it hears all activity on the bus.

Fach HP-IR interface can have as many as 15 devices connected to it, set to
different specific address codes. When the rear panel LISTEN ONLY/NORMAL
switch is set to NORmMAL, the HP 7090 can be set to any one of 31 HP-IB
addresses, ranging from 0 through 30. Each address can be selecied by
setting the ADDRESS switches to the appropriate bit positions for the particu
lar address value desired. The address selected establishes the HP 7T080’s
device address. The address is set to 05 at the factory. This corresponds to a
listen character of % and a talk character of E. Check the following figure
for the factory set ADDRESS switch positions.

NOTE: The positions of the ADDRESS switches are read only at powerup. B

NORMAL ADDRESS

——lf—-""——'ﬂ\1

e ATy e

1684 21 ©
LISTEN amw-——-i

When using the HP 7090 with an HP desktop computer, do not use address
21 hecause it is reserved for the desktop computer’s address. Address 81
should not be used with any computer because it is the universal unlisten
command. When not using an HY desktop computer, be sure the computer
and the HP 7090 do not have the same address. The following table lists the
switch positions for each address value.
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HGW to Use the Examples in This Manual

The examples in this manual are designed primarily to show the use of the
instructions with which they appear. If you are new to programming, key
in each example. Then vou may wish to change some parameters on an
instruction and note the results when you run the example. In this way,
vou will guickly learn how to use the instructions. The examples are pre-
sented in two ways. Sometimes they are presented as complete programs,
and sometimes they are given as only the pertinent HP-RL or HP-GL
strings. These are described in the following paragraphs.

Examples
Presented
as Complete
Programs

Some examples are presented as complete programs, written in the BASIC
used by the HP Series 200 computers. These programs assume that you
have already connected the HP 7090 and computer, and that paper and
pens are loaded.

You may need to make ehanges to some of the BASIC statements if you are
programming in another language, or if the BASIC on your computer is

. different. Here are the statements that you are most likely to need to change:

ASSIGN @Hp7090 TO 705  This statement identifies the HP 7080 as
the recipient of the instructions which are
sent as literal strings in OUTPUT @Hp7080
statements. The 7 is the HP-IB select code,
and 05 is the HP 7090°s HP-IB address. You
will need o change this statement accord-
intg to your version of BASIC, and change
the select code/address numbers aceording
to your interface configuration.

OUTPUT @Hp7080 This statement sends the HP-RL and HP-GL
instructions to the HP 7090 as literal syings.
Your computer may use a staternent such
as WRITE or PRINT instead of OUTPUT.

OUTPUT @Hp7080 USING  This statement is the same as the OUTPUT
@Hp7090 statement, except that it makes
use of irnage specifiers, which control the
output format of the HP-RL and HP-GL in-
structions. “K” is the most common speci-
fier; it suppresses any blank spaces in the
output field. Your computer may use a state-
ment such as WRITE, FORMAT, or IMAGE.

ENTER @Hp7090 "~ This statement causes information from the
HP 7090 to be received by the computer.
Your computer may use a statement such
as READ or INPUT,

ENTER @Hp7080 USING  This statement differs from the ENTER
@Hp7090 statement in the same way that
OUTPUT @Hp708) USING differs from the
OUTPUT @Hn7080 statement.
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FOR.. NEXT
X=314

FOR....NEXT ars BASIC loop statements.
X = 3.14 is a variable assignment. Change
these staternents to whatever is comparable
for your computer.

NOTE: You may need an I/0 ROM for your computer to use the BASIC
statements OUTFUT and ENTER to send or receive information. B

When an example is very short, enly the strings of HP-RL or HP-GL instruc-
tions are listed. Thev are enclosed in guotation marks becanse many com-
puter languages define literal strings by placing them inside guotation
marks. In these cases, add the statements required by your computer to
send the string of instructions. For example, suppose the following string is
printed in the manual:

H 5?1 ; 1

First send whatever statements are required to establish the HP 7090 as the
recipient of the string (such as ASSIGN @Hp7090 TO 705 on HP Series 200
computers), Then, send the string within a statement similar to those shown
here (only a few computers are listed to give you an idea of the variety of
statements available):

HP Series 200, BASIC ' OUTPUT @Hp7090;“SP1;”
IBM Personal Computer, BASIC1.10  PRINT #1,“SP1;”

HP 3000, FORTRAN WRITE(G, 10)
10 FORMAT(X, 4HSP1;

The following paragraphs give simple complete programs to send and re-
ceive information between the HP 7090 and several specific computers.

‘Sending Instructions to the HP 7090

Trapsmitting data from a computer to the HP 7090 is typically accom-
plished using 1/0 programming statements such as OUTPUT, WRITE,
PRINT, or PRINT%. The following examples of sending program data o
the HP 7090 from various computers ave only intended fo illustrate the
necessity for understanding the IO programming statement protocol imple-
mented by your computer. Each of these examples will cause the HP 7090
to Iabel the identity of the computer sending data, beginning at the XY
coordinates 1000, 2000, The examples involve sending both character siring
and numeric data as variables, and constants or literals.

Examples
Presented

as HP-RL or
HP-GL Strings

16 FRIMTER IS5 THES

26 AF="ZEMDIWG DATAR"

Ih B=2B

48 Y=zZrdn

58 PRIMNT "SPL;PRiBGBA, ", Y

£8 PRINT “LBHF SERIESY:B:fA$:"R"
78 EHMD

Result: HP SERIES 80 SENOING DATA

HP Series 80
Example
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HP Series 200 fxd O;dim A$[13]
HPLExample tOSENDING DRTRY «H3%
2000~Y
: 200-B

owrt FOS,"SP1;PRICOD,M,Y
: wib POS,VLEHP SERIESY,str(B),A$,3
i end

HUNEWN - O

Result: HP SERIES 200 SENDING DATA

BP Series 200 10 ASSIGN BHp70SC TO 708
20 A$=" SENDING DRTRA"
EM§SI(3Ebﬁumqﬁe S e
40 Y= 2000
50 QUTPUT ®Hp?090;" SP1;PR1000, ;Y
BO QUTPUT @Hp70S0;"LEHP SERIES";B;A$; %"
70 END

Resul: HP SERIES 200 SENDING DATA

HP 1000  This example uses FORTRAN IV and assumes that the system has been

Example configuredso that the logic unit nember 13 sends data to an HP-IB address
of 1. Therefore, the HP 7090 appREss switch on the back panel has been set
to 1. The program name, VBP1, may be changed to any other legal program
name snd line numbers as given are only necessary for the format state-
ments. The field width specification of 4 is adequate to plot to the locatior
1000, 2000; you may wish to use a field width of 5 or 6 to allow for pen
positions up to the hard-clip limits of the HP 7090. A field larger than six
characters would only be necessary for scaled data greater than 999835 or
lesa than 99 999. :

FTN4, L. _

PROGRAM WBP1

10 IY=2000

20  IB=1000

30 WRITE [13,1011 IV

40 WRITE [13,1021 IB

101 FORMAT ["PA1000,",14]

10z FORMRT ["LB HP “,I4," SENDING DARTA"]
END

Result: HP 1000 SENDING DATA

Receiving Data from the HP 7090

Qutputting data from the HP 7080 to the computer is typically accom-
plished using 1/0 programming statements such as ENTER, READ, or
. INPUT. Sometimes these staterents are only available in 170 ROMs;
check vour computer’'s documentation or ask your HP Sales and Support
Office. The following examples of obtaining output data from the HP 708
using various computers are only intended to illustrate the necessity for
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understanding the I/0 programming statement protocol implemented on
vour computer. Each of these examples commands the pen to move to the
coordinates X = 1000, ¥ = 1000 and then output the current pen position
and the HP 7090 identifier string to ithe computer.

1% PRINTER IS 785 :

G FEINT YFRIGGE. 188800 " HP Series 80
%@ EHTER 785 ; R.B.C : Example

46 FRINT *0l:* .

53 EHTER 785 : A$

S OISE FsE.C.AS

T8 EHD

Displayed current pen positien and identification.

1060 1000

0 TOS0A

01 Fxd O;dim ALS] ﬂPSeriesz()(}
1: wrt TPOS,"PR1OOG,1000;00;"

2: red 705.R,B,C T HPL Example
2 owet PO5,01I;"

4: red 705,H$

S: dsp R,E,C,RE

E: and

Displaved current pen position and identification.
1000 1000 0 7080A

10 ASSIGN BHp?OS0 TG 708 .

26 OUTPUT ®Hp7080;" PA1000, 100C;0C;" §§§;§¥%§§§§jiﬁgie
30 ENTER @Hp?70%0;R,E,C B
40 OUTPUT @Hp708C;"0I;"

S0 ENTER @HpTO0SO;A$

60 DISP A,B,C,R$

70 END

Displayed current pen position and identification.
1000 1060 0 TOS0A

This example uses FORTRAN IV and assumes that the system has been HP 1600
configured so that the logic unit number 13 sends data to an HP-IB address  Example
of 1. Therefore, the HP 7080 ADpRESS switch on the back panel has been set

to 1. The program name, VBP2, may be changed to any other legal program

name and the line numbers as given are only necessary for the format

statements. A field width specification of 5 would be necessary o output

pen positions where either the X- or Y-pogition was greater than 8999 or less

than—999. Data is read in from the HP 7090 using free field format so that

the commas sent by the HP 7090 between output parameters are inter-

preted as separators.
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FTN4, L

10
Z0
30
5
4%
5O
101
10¢
103
104

PROGRAM YBPFZ
DIMENSION RI3]

WRITE [13,101]

READ [13,%] IX,Iv,IP
WRITE [13,103:

RERD [13,1041 R

WRITE 01,1021 IX,IY,IF
WRITE 11,1041 A

FORMAT ("EA1000,1000;0C0"]
FORMRT 13151

FORMRT [01"]

FORMAT [3RZ]

ENE

Displayeﬁ current pen position and identification.

1000 1
TOS0A

000 0

1-14
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Chapter

Recorder Fundamental Concepts

What You’ll Learn in This Chapter

This chapter presents the fundamentals that you must understand to suc-
cessfully program the HP 7090, You will learn about the writing area, the
two independent areas that are used for recording and plotting, and how to
define a point in these areas. This chapter also explains measurement
setup conditions and the two instructions that establish defanit conditions.

Instructions Covered

DF The Default Instruction

IN The Initialize Instruction

OH The Output Hard-Clip Limits Instruction
PS  The Paper Size Instroction

Terms You Should Understand

Plotting area — the area where labeling and piotier pen motion can 6oCuz.
The HP-GL instruction, IW, defines the location and size of the plotting
area. The scaling points P1 and P2 are used with the 8C instruction to scale
this area.

Recording — the act of filling the buffers or drawing a real-time plot. -

Recording Area — the area where real-time and buffered data are plotted.
The zero (Z) and full scale (F'S) points explicitly define quadrant I and
implicitly define quadrants II, III, and IV.

The Writing Area

The writing area is that area of each size of paper in which the pen can
draw. The writing area is defined by the hard-clip limits that are estab-
lished when each size of paper is selected. Except for a margin of approxi-
mately % inch at the top of the paper, the hard-clip limits allow the pen to
draw anywhere on the paper. The margin is required to prevent the paper
from moving out from under the pinch wheels when the paper is moved
fully forward. 4

Operation of the HP 7090 is based on two independent scaling arveas; the
recording avea and the plotting area. Both of these areas can be defined to
occupy all, or any part, of the wriling area. The recording area is defined by

Recorder Fundamental Concepts  2-1



the Zero (Z) and Full Seale (FS;} scaling points. All analog signals that are
measured in the direet and buffered recording modes are drawn only within
the recording area. Signal amplitudes that are greater than the defined full
scale range are clipped at the boundaries of the recording area.

The plotting area is defined by the soft-clip limnits that are established by
the HP-GL input window instruction, IW. All labeling and HP-GL pro-
grammed pen motion is restricted to the area defined by the soft-clip limits.
The sofi-clip limits have no effect on where direct and buffered recording
signals arve drawn and do not restrict pen motion that is initiated from the
front panel. The scaling points P1 and P2 are used in conjunction with the
HP-GL sealing ingtruction, SC, to scale the plotting area.

The Reference Coordinate System

Reference

System

The writing area, and ail points within it, are referenced to the origin of the
two-dimensional Cartesian coordinate system shown in the following itius-
tration. The reference coordinate system is divided (scaled) inio plotter
unite which are always the same size; one plotter unit equals 0.025 mm
(0.000 98 in.). There are 40.2 plotter units per millimetre, or approximately
1021 plotter units per inch. Integer Cartesian coordinates are used to define
the location of the hard-clip and soft-clip limits. They are also used as
parameters in some HP-RL and HP-GL instructions to define the location
of the scaling points or to move the pen to a given point within the hard-clip

Y-AX18 4

ORIGIN
(X=0,v=0)

Y

1 3 .
~32768 ee -2 -1 1 2 3 4 5 & 7 g 8 10 ee +32767

-1 X-AX1S

-2
L
®

-32768

The location of the reference coordinate system origin and the orientation
of the independent (X) and dependent (Y) axes with respect to A and A or
B and A3 paper sizes are shown in the following diagrams. Hard-clip limits
and the approximate default locations of the plotting area soft-clip limits
and both sets of scaling points are also shown. Although their default
locations are coincident, the zero and full scale points are totally independ-
ent of the P1 and P2 points. The following tables show the defauit plotier
unit coordinate values which define the sizes and/or locations of each ares
and each sealing point on all four paper sizes.
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} ; HARD-CLIP
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IO ——— A L
Paper Hard-Clip Limits Soft-Clip Limits o it
Size p.ATHS (07 Kur,Yor Kz Yoo Xoe ,Yur |
A ~333,—100 | 10708, 7987 8,0 10370, 7987
85> 11in. :
B ~475,—333 | 16260,10703 0,0 18260, 10370
11X 17 in.
A4 —322,—100 | 11400,7785 0,0 1107R8,7785
210X 297 mm
A3 ~525 322 | 15762,11400 0,0 15762,11078
207 420 mm
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Default Sealing

Point Lovetions Paper Zerc and P’1 Full Scale and P2
Size Zx » ZY {P 1}{ N PIY} FSX . FSY (P 2x ’ sz)
A 160, 447 10210, 7682
85> 111in.
B 865,160 16140,10210
11x 171n.
Ad 514,348 10564, 7583
210X 297 o
A3 325,514 15600,10564
297 X 420 mm

The Output Hard-Clip Limits Instruction, OH

USES: The OH instruction is used to output the lower-left (LL) and upper-
right (UR) coordinates of the current hard-clip Iimits. This instruction can
be used with the IP, IW, and IZ instructions to make use of the entire
writing area.

SYNTAX: OH terminator

PARAMETERS: None

EXPLANATION: After an OH instruction is received, the LL and UR
plotter unit coordinates are output as four numbers in ASCIL, separated by
COmmas.

Kiower 1ot ,Yiower iefh s Xupper nght 5Y“PP€f right CRLF

Changing the soft-clip limits with an IW instruction does not affect the
hard-clip limits. Changing the paper size, however, will change the size of
the hard-clip limits. The 80-degree rotation function will interchange the
hard-clip limit coordinate values, Thus, if the TR Y-axis value is larger
than the UR X-axis value, you know that the coordinate axes are rotated
from their default orientation.

The Paper Size Instruction, PS

USES: The PS instraction is used to programmatically toggle between A
and B, or A3 and A4 paper sizes.

SYNTAX: PS papersize terminator

9.4 Recorder Fundamental Concepis
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Parameter Format Range i Defanlt

paper size integer 0to 3= B or A3 size none
416 127 = A or A4 size

EXPLANATION: This instruction performs the functions of a front-
panel paper size change. The new paper size is determined by the parame-
ter and the setting of the rear-panel paper switch. A parameter in the range
of 0 to 8 selects either B or A3 size paper, and a parameter in the range of 4
to 197 selects either A or A4 size paper. The PS instruction, however, cannot
switch from ISO to ANSI size paper or vice versa. To change from 180 to
ANSI size paper, reset the rear-panel paper switch, change the right pinch
wheel position, and eycle the HP 7090°s power.

Specifying out-of-range parameters sets error 3, and the instruction is
ignored.

Setting Up the Recording Area

Both direct and buffered recording measurements are displayed in the re-
cording area in accordance with the set up conditions that are established
when the measurement is initiated. Therefore, to achieve optimum display
results, the measurement set up conditions must be defined based on some
prior knowledge of the input signal characteristics. The set up conditions
that determine how the measurement is displayed are described in the
following paragraphs. The HP-RL instructions that are used to program-
matically define each set up condition are explained in Chapter 8.

The recording area is a Cartesian coordinate system that is mapped onto
the reference coordinate system via the zero and full scale points. The
locations of the zero and full scale points specifically define quadrant I of
the recording area. Quadrant I is automatically exirapolated to set up quad-
rants II, I11, and IV, as shown in the following illustration. The origin of
the coordinate system is the zero point and the limits of the four quadrants
are expressed in terms of the full scale point.

NOTE: If the zero and full scale points are set such that any portion of
quadrants II, III, or IV fall outside of the hard-ciip {imits, then that guad-
rant boundary is defined by the hard-clip limits. 5

Defining the
Recording
Aresa
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The Recording
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*mplicity defined when quadrant ! is defined by ZERO and FULL SCALE

Channel Selection  The independent (X) and dependent (Y) axes of the recording area must be

(Axes Definitions) defined to set up either a versuschan3 or a versustime measurement. A
versus-chan3 measurement is set up when the independent (X) axis is de-
fined as channel 8 and the dependent (Y) axis is defined as channel(s) 1
and/or 2. A versus-time measurement is set up when the independent (X)
axis is defined as time and the dependent (Y} axis is defined as any combi-
nation of channels 1, 2, and 8. If more than one channel is specified for the
dependent (Y) axis, a plot boffer coramand will plot each selected channel
in order, but a direct vecording command will only plot the \.hazmel with
the lowest selected number.

Scaling the  Theinput signal voltage that can be measured and mapped onto each axis
Recording Area  of therecording area is determined by the range and dc offset values speci-
fied for each channel, The range and de offset values interact algebraically
and scale the axis of the recording area to which the channel is assigned.
The range value sets the total number of volts that can be mapped onto the
axis and the dc offset value defines the location of the zero voltage refer-

ence point of the axis.

A single positive range value between 0.005 and 100 volts defines the posi-
tive limit of the axis. An equal voltage with g negative sign is automati-
cally mirrored to define the negative limit of the axis. Thus, the total range
of the axis is twice the specified range value,

The following illustration shows the range of the versus-chan3 input signal
voltages that can be plotied with the recording area scaled to the indicated
range values. A zero input signal voltage in each channel is plotted at the
zero point, unless a de offset voltage is specified. Any input signal ampli-
tude greater than the specified range will turn on the applicable front panel
overrFLow light to indicate the signal has exceeded the boundaries of the
recording area. If this condition occurs during & measurement, those.
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portions of the signal that exceed the boundaries are clipped (not drawny;
ie., in the buffered recording mode the pen lifts while the signal is clipped,
but in the direct recording mode the pen draws along the boundary until
the signal amplitude is again in bounds. When the signal amplitude is
again in bounds, the OVERFLOW light goes out,

CHANMNEL 1
(Y DEPENDENT] AXIE

Roange Scaling
FULL SCALE Example

{(-BV,10V} ?

f{sv,mw

CHANNEL 3

-5V ,-10V! g

11

ZERC (0V ,0V)

¥ {(INDEPENDENT}
AXIS

& 5V ,-10V!

SET UP CONDITIONS:

1.

2. The axes are defined as channeis 1 and 3 as shown.

3. Channel t range = 10 volts.

4. Channel 3 range = 5 volts,

All four quadrants of the recording ares are inside the hard-clip limits.

Specifying a dc offset voltage shifts the zero voltage reference point: &
positive offset voltage shifts it up; a negative offset voltage shifts it down.
Shifting the location of the zero voltage reference peint also shifts the
range scaling limits by a corresponding amount. The following iliustration
shows how specifying different offset voltages effectively change the scal-
ing shown in the Range Scaling Example. In the interest of simplicity, the
effects on only the vertical axis (channel 1} are shown.

OFFSET =0V
OV § +FS

o
<
st o s s () 2 v s o s
N
&
e
O

-HJV& -F38

OFFSET =+1V
HYV § +FS

-1V & ZERO

o e e e ol e e i e et

.w‘HV &MFS

OFESET = =1 V Offset Effects on
Range 5

coling Limite

+‘HV? +F8

+1v § ZERO
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The allowable de offset is limited to & twice the range value or:=:100 volts,
whichever is less. The applicable front-panel orrseT light will blink as a
warning if this restriction is exceeded. The following diagram graphically
llustrates the relationship between range and the allowable dc offset.

Hoange Versus .
Altoweable Offset géégé\fr‘a's LE
100 el e
i )
| !
] |
75 i !
H |
{ |
! |
50 i {
f :
f {
25 g |
f i
| i
i |
e L -  RANGE
5 106

Maximum measurement accuracy is achieved when the vecorded signal
occupies as much of the recording area as possible. For balanced sinusoidat
signals with a median voltage of zero volts, de offset is not required, and
range can be set to the anticipated peak voltage. For signals with a large
median de amplitude, de offset should be used to shift the range limits so
that the recorded signal fills the recording area. The following equations
can be used to determine the optimum rangs and de offset values.

Range = | Viuux — Vinin| 72
Offset = —(Vgaz -+ Vi) /2

where: Vie,= the maximum anticipated voltage
Vi = the minimum anticipated voltage

The following example iltustrates using these equations to scale the record-
ing area for maximum accuracy with either normal or extreme signal
conditions.

BY o 96V —m—mm-

2V g2V
Normal Conditions Extreme Conditions
Bange = | Vaax~ Vo /2 Range = [Viar = V| /2
= (6—2)/2 = (96— 92)/2
Offget = —(Vopy "+ Vipin)}/2 Offset = =(Vppx + Viun)/2
=G 2)/2 = (G -+ 92}/2
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The values computed for the extreme condition cannot be used because the
offset value is greater than twice the range; therefore,

IF |Vig| > 2 * RANGE or > 100 volts, THEN
1. Setrange to 1/3 | Vi 0r 1/3 [ Vi, whichever is greater.

2. Set dc offset to 2 * range computed in step 1. Use the sign computed in
the offset equation.

The following diagrams illustrate the optiraum scaling that can be achieved
for the above signals. The measurement accuracy of signals recorded under
these conditions is shown in Appendix C.

96V
eV a7y A -

RECORDING
jag——— AREA ot

2V / 32V

Range=2V Range=32V
Offget =—4 'V : Offset =—64 'V
Normal Conditions Extreme Conditions

In the buffered recording mode, total time specifies the amount of time
required to store 1000 data samples in the buffers. The buffers in all three
channels are filled simultaneously, and any given total fime applies equally
to each buffer, The sample rate for 2 buffered recording equals 1000 divided
by total time.

In the direct recording mods, total time specifies the real-time duration of
all recordings, including when a versus-chan3 recording is initiated with a
manual trigger. Only front-panel initiation allows for a “free-running”
versus-chan3 recording that is not bounded by time. In this case, the record-
ing will continue until either the HP-RL instruction MT is executed or the
froni-panel STOP button is pressed. The sample rate for all direct recording
measurements is fixed at 250 samples per second.

The value of total Hme can vary from .03 second to 24 hours in the buffered
recording mode or from 1.0 second o 24 hours in the direct recording mode.
If total time is set to less than 1.0 second, and a direct recording is initiated,
the measurement is performed with a total time value of 1.0 second.

Total Time
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NOTE: For direct recording measurements with a duration of 1.0 hour or
longer, use the special HP 24-hour recording paper to avoid the possibility
of excessive ink bleeding. &

The following illugtration shows how total time is mapped onto the inde-
pendent (X) axis when a versus-time measurement is initiated. Note that
only quadrants I and IV ave applHcable to these measurements.

Total Time
Secaling Example
CHANNEL 1
Y {DEPENDENT} AXIS
{Gs,10 V) FULL SCALE
® ® (100ms, 10 V)
;
TIME
& {INDEPENDENT)
ZERO AXIS
{0s, 0V}
1%
AV
05,10V} & {100 ms , 10V}

SET UP CONDHTIONS:

1. Duadrants | and 1V of the recording ares are inside the hard-clip limits.
2. The axes are defined as channel 1 versus fime, as shown.

3. Channel 1 range = 10 volts,

4. Total time = 100 milliseconds.

Signal  In order to accurately reconstruct a waveform, the input signal must be
Reconstruction  sampled often enough for its characteristics io be apparent from the sam-
and Aliasing  pled data. The Nyquist Sampling Theorem states that the minimum fre
quency required for sampling is twice the highest frequency in the signal.

As an Dlustration, consider a sinewave input with frequency f. If this sine-
wave is sampled with frequency 2f, the correct frequency (but not amplitude
or phase) may be reconstructed from the samples.
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When sampling at a higher rate, the reconstruction is improved.

However, if the signal is sampled at a rate less than 2f, & result called
“gliasing” occurs when the signal is reconstructed: - -

INPLUT SIGNAL #ALIAS” SIGNAL

In this case, the samples appear to be paxt of a sinewave with a frequency
less than £ These “alias” frequencies occuy when the sampling rate is not
at least twice that of the highest frequency in the input signal. However, o
clearly see the shape of the input signal, a sample rate should be selected to
obtain a minimum of 10 samples per cycle of the highest frequency in the
input signal.

The maximum sample rate of the HP 7020 is 33 333 samples per second.
Therefore, input frequencies greater than 3.3 kHz are reconstructed with
iess than 10 samples per cycle.

The recording area can be filled with plotted grid lines to aid in analyzing
plotted data. Bach axis of quadrant I can be filled independently with 1 to
100 grid lines. The number of grid lines should normaliy be specified in
increments which correspond with range and total time values. The grid
currently defined for quadrant I can be drawn in any combination of the
four quadrant areas. The grid lines drawn in adjacent quadrants will align
to form a continuous grid. '

A standard centimetre grid can also be drawn on each size paper. This grid
is completely independent of the recording area. For A and A4 paper sizes,
the standard grid is always 25 X 18 cm. For B and A3 paper sizes, the
standard grid is always 88X 25 em.

Drawing Grids
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Refer to the explanations for HP-RL instructions DG and GL, in Chapter 3,
for compiete information on drawing grids.

Triggering

The HP 7090 includes manual, external, and internal triggering modes.
The trigger generated in these modes is the actual event which starts data
recording in either the divect or buffered recording modes. The exception to
this rule is when internal inside window iriggering is selected and the
measurement is a buffered recording. In this case, the trigger terminates
the measurernent. The time between initiating 2 measurement and locating
the trigger is defined as the trigger search time. The following paragraphs
explain the post- and pre-triggering cabilities and the triggering action in
each trigger mode.

Post-Trigger/ A post-trigger value ¢+) specifies the amount of time that must elapse, after
Pre-Trigger = valid trigger occurs, before a direct recording begins or the buffers start
filling. The start of data recording is subject to any specified post-trigger
time delay, except it is ignored when internal inside window friggering is

selected and the measurement is a buffered recording,

A pretrigger value () specifies the portion of total time that is used for
storing input signal data that occurs just before receipt of a valid trigger.
The pre-frigger capability is applicable only when internal or external frig-
gering is selected and the measurement is a buffered recording.

The pre-trigger data is stored in the buffers and continually updated until a
valid trigger is received. Upon receipt of a valid trigger, the pre-trigger date
currently in the buffers is frozen, and the rest of the buffer space is allowed
to fill. The sampie rate for storing the pre-trigger data is determined by the
specified total time. Therefore, if the trigger search time is less than the
specified pretrigger time, the actual trigger search time is used instead of
the pre-trigger time.

The pre-trigger value should never exceed the vatue specified for total time.
Exceeding this restriction causes the front-panel PRE-TRIGGER menu light to
blink, indicating an invalid condition, and the pre-trigger value is set inter-
nally to the value of total time.

Manual In this mode, the trigger is generated when the MS instruction is received
Trigger  orthe front panel FILL BUFFER or RECORD DIRECT buttons are pressed. Thereis
Mode  no trigger search time and any specified pre-trigger value is ignored.

External In this mode, data recording starts when the HP-IB GET commmand is
Trigger  recsived or when a negative going TTL level transition oecurs on the ExT
Mode  TRIGInput

Internal Internal triggering is based on the amplitude and slope of the input signal

Trigger  onchannel 1. The triggering options include above and below level trigger-

Mode ing and inside or outside window triggering. The following paragraph
explain each internal friggering opfion.
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Above Level

This mode defines rising (positive) slope triggering at a specified trigger
level value. The trigger is generated when the input signal rises from below
the trigger level value and becomes equal to or greater than the trigger level
value. Refer to the following diagram.

The front panel TRIGGER LEVEL menu LED will blink any time the trigger
level exceeds the voltage limits of the recording area. In this case, the
trigger level value is set internally to the voltage limit of the recording ares.

Above Level
Triggering
ABOVE LEVEL
TRIGGER
TRIGGER _ %/
LEVEL e e e e
F
¥
L
i
POSITIVE SLOPE
Below Level
This mode defines falling (negative) slope triggering at a specified trigger
level value. The trigger is generated when the input signal falls from above
the trigger level value and becomes equal to or less than the trigger ievel
value. Refer to the following diagram.
Below Level
i NEGATIVE Friggering

TRIGGER
LEVEL — T T T BT T

BELOW LEVEL
TRIGGER

Outside Window

This mode uses a trigger window that is centered about the specified trigger
level value. The total width of the window is specified by the trigger width
valge, Half of the width value is added to the trigger leve] value to define
the upper limit and half of the width value is subtracted from the trigger
level value to define the Jower limit. The trigger is generated when a sample
of the input signal exceeds the trigger window limits in either direction.
Refer to the following diagram.

The front panel TRIGGER wibTH menu LED will blink any time the width
value exceeds twice the range value. If a trigger window limit is in violation
of the voltage limits of the recording area, it is set internally to the voltage
Hmit of the recording area.
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Qutside Window
Triggering

QUTSIDE
WINDOW
TRIGGER
UPPER
LIMIT
TRIGGER . » [RIGGER
wWIDTH LEVEL
LOWER
LIMIT
OR
mmmmmmmmmmmm UPPER
S LMt
TRIGGER J—y ﬁ*.a"L _ TRIGGER
WIDTH | L ! = | ZVEL
i
;
b e LOWER
LT
OUTSIDE
WINDOW
TRIGGER
Inside Window

This mode uses a trigger window that is centered about the specified {rigger
level value. The total width of the window is specified by the trigger width
vatue. Half of the width value is added {o the trigger level value to define
the upper Hmit and half of the width value is subtracted from the trigger

level value to define the lower limit.

For direct recording and direct data acquisition measurements, the trigger
is generated when the signal iz sampled and found to be ingide of the
window limits. Any specified post-trigger time delay is executed before data
recording begins. Any specified pre-trigger time is ignored. The following
diagram illustrates the inside window triggering action for divect recording

and direct data acquisition measurements.
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WINDOW
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For buffered recording measurements the inside window trigger action is
different. After a buffered measurement is initiated, each data sample is
compared with the trigger window limits, and the buffers start filling imme-
diately. The buffer contents are continually updated until 1000 data samples
in a row are within the trigger window. limits. The trigger is generated
coincident with receipt of the sample that completely fills the buffers. This
trigger freezes the contents of the buffers and terminates the measurement.

For buffered recordings with inside window triggering, any specified post-
trigger time delay is ignored, but pretrigger time is recognized. In this case,
pretrigger data is defined as the data sampies which immediately precede
the inside window samples, rather than the samples just prior to the trigger.
Since the buffer capacity is always 1000, the required number of consecutive
inside window samples is reduced proportionately with any specified pre-
trigger time. The following equation computes the required mumber of con-
secutive inside window data samples for any combination of pre-trigger
time and total time.

5=1000{1 — Te/Tr)
where: 8= Total number of consecutive inside window samples
Te= Pre-trigger time
Tr= Total time

The following diagrams illustrate inside window triggering for buffered
recording measurements, '

Inside Window Triggering
(Direct Recording or Direct
Datn Acquisition Mecsurements)
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The Default Instruction, DF

USES: The DF instruction sets certain plotter functions to a predefined
state. Use it to ensure that graphics parameters such as charscter size and
slant or plotier scaling are not inherifed from a previous program.

SYNTAX: DF terminator
PARAMETERS: None

EXPLANATION: ADF msbuction sets the conditions shown in the follow-
ing table. ¥ is eqmvalent to executing all of the indicated instructions. The
DF instruction has no effect on recorder functions or the following plotter
functions.

# Locations of P1 and P2
¢ Current pen and its position

& O0-degree rotation
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s Plotter Default
Equivalent Conditions
_ Fanction Instructions Conditions
Plotting mode _ PA; Absolute PA)
Relative character DR1,0; Horizontal
direction
Line type LT Bolid line
Line pattern length LT; 4% of the diagonal distance
between Pl and P2
Input window W, Set according to current size
paper (see Reference
Coordinate Systermn)
Relative character size | ER; Width = 0.75% of (P2x— Plx)
Height= 1.5% of P2y~ Ply)
Symbol mode 8M; Off
Tick length TL; tp= tn = 0.5% of (P2x— Ply
for Y-iick and 0.5% of
P2y Ply) for X-tick
Standard character set | CS0; . Set 0
Alternate character set | CAQ; Set 0
Character set selected 88; Standard
Character slant SLO:; 0 degrees
Mask value ™M 233,0,0; | Recognizes all errors, except
position overflow
Scaling 8C; Plotter units
Pen velocity V8, 75 cm/s (30 in./s)
Label terminator DT ETX ETE (ASCIE decimal
equivalent 3)
Label origin LO; Label starts at current pen
position

The Initialize Instruction, IN

USES: The IN instruction returns all recorder and plotter conditions to
their initial power-on state.

SYNTAX: IN terminator
PARAMETERS: None

EXPLANATION: The IN instruction sets the plotter functions to the
game conditions as the DF instruction and the recorder funciions o the
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conditions shown in the following table. It is equivalent to executing all of
the indicated instructions, plus it sets these additional conditions.

&

&

&

The pen is raised, but its pesition is not changed.
All error conditions are cleared.

The plotter and recorder status bytes are cleared and bit position 3 of the
plotter status byte is sef true (1} to indicate the HF 7080 is initialized.

The HP-IB 170 is reset to initial conditions. The plotter status byte (O8)
is used as the HP-IB status. byte (STB). -

The cha;_mei buffers are flushed.
The rotation function is set to the default orientaiion (0 degrees).

The hard-clip limits and both sets of scaling points (Z/F8 and P1/PZ) are
get 1o the defanlt coordinate values for the currently selected paper size.
These values are listed in the tables given under The Reference Coordi-
nate Systemn paragraph, in this chapter.

NOTE: The positions of the rear-panel switches ave not checked when an
IN instruction is executed. These positions are checked only at power-on. B

Recorder Default
Conditions

Equivaient
Function Instruetions Conditions
Range IR; All channels set to 10.0 volts
Offset sV All channels set to 0.0 volts
Grid type DG; User-defined grid
Graildliivisiﬁns A/AL - XY= 25,18
B/A3—-XY=38,25
(Grid quadrants DG; Quadrant 1
Total tirme ™; 1.0 second
Pogt-trigger time TG, 0 second
Pre-trigger time TG; 0 zecond
Trigger level TA; 0.0 volts
Trigger width TA; 0.0 volts
Trigger mode T™; Manual
Channel selection REY; Chanrel 1 versus time
Data output DO; Continuous, all channels, ASCIT
format, no trigger status
Sample delay SD; 0.1 second
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Chapter O

The Recorder
Setup Instructions

What You’ll Learn in This Chapter

Now that you understand the fundamentals, vou are ready to learn how to
program the measurement setup conditions. This chapter explains the
HP.RL instructions that specify the channels that are to be measured and
how the data is to be displayed in the recording area. This includes defin-
ing the size and location of the recording area and setting range, dc offset;
and total time. The instructions for drawing grids, specifying frigger condi-
tions, setting the real-time clock, and labeling the setup conditions are also
explained, )

Instructions Covered

bG

The Draw Grid Instruction

The Set Grid Divisions Instruction

The Set Full Scale Bange Instruction

The Set Real-Fime Clock Instruction

The Set Zero and Full Scale Instruction

The Query Trigger Level and Width Instruction
The Query Total Time Instruction

The Query Post- and Pre-Trigger Time Instruction

The Query Grid Divisions Instruction

The Query Recording Mode Instruction

The Query Full Scale Range Instruction

The Query Trigger Mode Instruction

The Query Trigger Time Instruction

The Query DC Offset Instruction

The Query Real-Time Clock Insiruction

The Query Zero and Full Seale Instruction
The Set Recording Mode Instruction

The Sez DC Offset Instruction '

The Set Trigger Level and Width Instruction
The Set Total Time Instruction

The Label Time and Date Instruction

The Bet Post- and PreTrigger Time Instruction
The Set Trigger Mode Instruction
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The Set Recording Mode Instruction, RE

USES: TheRE instruction defines the independent (X) and dependent (¥)
axes of the yrecording area in terms of the input channels and/or time. Use
it to select the channel(s) io be recorded against time or against channel 3.

SYNTAX: HKFE mode terminator
or
RE terminator

Parameter Format Range DPefault
mode integer & through 15 9
except
€, 10, and 14

EXPLANATION: The mode parameter is the surm of valid combinations
of the bit values shown below. Each bit value included in the integer sets
the corresponding bit to a logic 1, and thus defines the recording area axes
as lndicated.

MOTE: Any bit position thatis not set ic logic 1 has a bit value of zero. @

Bit Bt Logic - ‘
Value Position State Axes Definition
0 0 o X-axis= Channel 3
1 1 X-axis= Time
2 1 1 Y-axis= Channel 3
4 2 1 Y-axis= Channel 2
8 3 1 Y-axis= Channel 1

The values shown in the following table are the only valid combinations of
the bit values that can be specified by the mode parameter. Specifying any
bit value combination that leaves either axis undefined, or assigns the
same channel to both axes, sets error 3 and the instruction is ignored.

Permitted Mode
Aves Definitions Parameter Values
Versus-Chand Measurements

Channel! 1 vs. Chammel 3 .8
Channel 2 vs. Channel 3 4
Channels 1 and 2 vs, Channel 3 12
. Versus-Time Measurements

Channel 1 vs. Time 9
Channel 2 vs. Thme 5
Channel 3 vs. Time 3
Channels 1 and 2 vs. Time 13
Channels 1 and 8 vs. Time 11
Channels 2 and 3 vs, Time 7
Channels 1, 2, and 3 vs. Time 15
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Executing an RE instruction without a parameter (RE;) sets the defauit
definition: channel 1 versus time (RE%;).

If more than one channel is specified for the Y-axis, a plot buffer (PL}
instruction will plot each selected channel in order, but a direct recording
(MS0) instruction will only plot the channel with the lowest specified
number.

The Query Recording Mode Instruction, @M

USES: The QM instruction outputs the current definitions of the inde-
pendent (X} and dependent (Y) axzes of the recording area.

SYNTAX: QM terminator
PARAMETERS: None

EXPLANATION: When a QMinstruction is received, the decimal equiva-
ient value for the current definitions of the X- and Y-axes of the recording
area are output in ASCII as follows:

mode CRLF

All possible values and their meanings are shown in the following table.
Refer to the RE instruction for additional information.

Mode Value Axes Definitions
3 Channel 3 vs. Time
4 Channel 2 vs. Channel 3
5 Channel 2 vs, Time
7 Channels 2 and 3 vs. Time
8 Channel 1 vs. Channel 8
g Channel 1 va. Time
11 Channels 1 and 2 vs. Time
12 Channels 1 and 2 va, Channel 8
13 Channels 1 and 2 vg. Time
15 Channels 1, 2, and 8 vs. Time

The Set Zero and Full Scale Instruction, IZ

USES: ThelZinstruction provides program control over the locations of
the zero (Z) and full scale (FS) points, Use this instruction to define the size
and location of the recording area. Refer to Defining the Recording Area in

Chapter 2.
SYNTAX: IZ Zx,7+{FS8z,F5y} terminator
or
IZ terminator
Parameter Format Range Default
XY coordinates | integer | —32768 to 82767 | dependenton
current paper size
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EXPLANATION: The coordinates of zero and full scale are specified in
the order shown and are interpreted as plotter units. Neither point can be
located outside of the current hard-clip limits. If the location of either point
is specified outside of the hard-clip limits, its coordinates are changed auto
matically to the hard-clip imits and no exror is set, Parameters less than
—32'768 or greater than 32 767 will cause error & and the instruetion is
ignored.

Specifying the full scale coardinates is optional. However, if the full scals
coordinates are omitted, then full scale tracks zero and its coordinates
change so that the X- and Y-distances between zerc and full scale do not
change. If zero continues to move after full scale encounters the hard-clip
limits, the X- and Y-distances between zero and full scale will change.

1f either coordinate of full scale is set equal to the corresponding coordinate
of zero, then that coordinate of full scale is incremented by one plotter unit.
This ensures a two-dimensional recording area.

An IZ instruction without parameters (IZ ;) sets zero and fell scale to the
default conrdinate values for the currently selected size of paper. Refer to
The Reference Coordinate System, Chapter 2, for the default coordinate
values of zero and full scale.

The default zero and full scale points define most of the writing area as
quadrant I. Other useful recording aveas are when either quadrants I and
IV or all four quadrants are approximately centered on the page. A sub-
youtine similar to the following program can be used to set up the recording
area for either a versus-time (guadrants I and IV) or a versus-chand (all
quadrants) measurement. Run the program and press the front-panel ZErRO
and FULL scaLE buttons to verify the resultant recording aveas shown next.

ES F3
!
E
! H E !
SOFT- ;
28 e e e o s e — st C [Pt — — — ——— ——— A = e e e
LIMITS i Z
Y i i v
I
|
i
VERBUS-TIME VERSUS.CHAN 3
RECORDING AREA RECORDING AREA
10 &!Prcgram to set up recording area for wversus-time
20 lar versus-chand measurements. Reguires response
30 Ito select measurement.

40 ASSIGN ®HpTO80 TO 705
50 QUTPUT ®Hp?080;"IN;QZ;"
50 ENTER @Hp?70%0;R,R,C,D

e ZxeINT{C~RI/2+R3

8¢ Zy=INTC(D-B) 2+B2

g¢ INPUT J 10 for wersus-itime or 1 for wversus-chanl,
100 IFress continue,

110 IF Jx1 THEN 140

120 DUTPUT @Hp?030;"12";R;Zy;C;D
130 IF J=0 THEN 150

140  QUTPUT BHp7080:"12";Zx;2y;C;D
150  END
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Lines 50 and 60 obtain the default coordinate values of the zere and full
scale points.

Lines 70 and 80 compute the coordinate values of the mid-peints on each
axis.

Line 90 allows user to select two quadrants for versus-time setup or four
quadrants for versus-chan3 setup.

Line 120 establishes a two-quadrant recording area inside the default zero
and full scale area.

Line 140 establishes a fowr-quadrant recording area inside the default zero
and full scale area.

The Query Zero and Full Scale Instruction, QZ

USES: The Q7 instruction outputs the current X- and Y-coordinates of
the zero and full scale points.

SYNTAX: @QF terminator
PARAMETERS: . None

EXPLANATION: When a Q7 instruction is received, the current coordi-
nates of zero and full scale are output in plotter units as four numbers in
ASCH, separated by comnmas.

Zx,7v,F5x , FSy CRLE

The Set Full Scale Range Instruction, IR

USES: The IR instruction sets the preamplifier range sensitivity of each
analog input channel. Use the instruction to define the maximum input
signal amplitude that can be plotied within the recording area.

SYNTAX: IR FS:(FS:(,FSy) terminator

or

IR terminaior
Parameter Format Range Default
FS, FS;, F5; real 0.0050 V t0 1000V 100V

EXPLANATION: The parameters are in volts and specify the full scale
range of channels 1, 2, and 8, in order. The parameters for channels 2 and 3
may be omitted without changing their current range values. Omitting
only the third parameter changes channel 8 to its default value (10.0 V).

Each parameter specified is limited to four digits within the indicated range.
Any additional digits are truncated, but no error is set. Out-of-range parame-
ters set error 3, and the instruction is ignored.

An IR instruction without parameters (IR;) sets the range of all three
chanmels to 10.0 volts (default).

The following program and diagram llustrates one use of the IR instruction.
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10 SSIGH BHPTO30 TC 705
20 OUTPUT @Mp7?030; " IN;QZ;"

3C ENTER 6Hp7090;8,B,C,D

40 Zx=INT((C~R)Y/ 2+R)

50 Zy=INT((D-B)/2+B)

E0 SUTPUT @Hp?030;9I2";2x;2y;0;0
70 BUTEUT ®Hp7090;" RES; ™

a0 QUTEUT @Rp?090;7IR10,10,5;"
30 END

Lines 10 through 60 establish a four-quadrant recording area inside the
default zero and full scale area.

Line 70 defines the independent (X) axis as channel 3 and the dependent
(Y) axis as channel 1.

Line 80 sets the full scale range of channels 1 and 2 to 10 volts and channel
3 to 5 volts. Channel 2 is not relevant for this set up, but its parameter
cannot be omitied because the range for channel 3 must be set. Any value
£ 100 conld be used for channel 2.

CHANMNEL 1 ’
) VIDEPENDENT) AXIS EULL 80ALE
{—:;v,mwf € 5v. o0V
i 1
CHANNEL 3
2 X {INDEPENDENT]
ZERG 0V ,0V) AXIS
m v
<-5v,-wv)i & (5V,-10V}

The Query Full Scale Range Instruction, QR

USES: The QR instruction outputs the current range settings for all three
input channels,

SYNTAX: QR terminator
PARAMETERS: None

EXPLANATION: When a QR instruction is received, the current range
setting of all three input channels is output in volts as three numbers m
ASCH, separated by commas, '

range 1,range 2,range 3 CRLEF
Each range value is a decimal num_ber between 3.0050 and 100.0 volts.
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The Set DC Offset Instruction, 5V

USES: The SV instruction provides program control over the zero voltage
position of each channel’s input signal. Use it in conjunction with the IR
instruction to scale the recording area to match the input signal amplitudes.

SYNTAX: SV offset1( offset 2(, offset 3)) terminator
or
S5V terminator

Parameter Format Bange Befault
offset 1,2, 3 real + 100 volts 0.0 volis

EXPLANATION: The parameters are in volis and specify the zero volt-
age offset of channels 1, 2, and 3, in order. The parameters for channels 2
and 3 may be omitted without changing their current offset values. Omit-
ting only the third parameter changes channel 3 to its default value (0.0 V.
Any requested value within the+100 volt rangeis displayed when the front
panel OFFSET menu function is selected. However, the OFFSET menu light
will be blinking if the requested offset exceeds twice the corresponding
range value. The response from a QV instruction will alse indicaie the
requested value and whether or not it is valid.

Each parameter specified is Kmited to three digits within the indicated
range. Any additional digits ave truncated, but no error is set. QOut-of-range
parameters set error 3, and the instruction is ignored.

An SV instruction without parameters (SV;) sets the offset of all three
channels to 0.0 volts (default).

The following program and diagram illustrate the effect on range scaling
when the SV instruction is used to offset zero volts from the zerc scaling
point.

10, ASSIGN SHp708C TG 208

20 OUTPUT @Hp7080;"IN;QZ;"

30 ENTER @Hp7080;R,B,C,D

40 Zx=INT((C-R1/2+RA)

50 Zy=INT((D-B)/2+B)

50 DUTPUT @Hp7080;"I2";2x;2y;C;D
70 QUTPUT GHp70OR0; " REE;"

80 DUTPUT @HR?080;" IR0, 10,5;"
ao QUTPUT @HpEPOB0;"SV1,0,-1;"
100 END :

Lines 10 through 80 are identical to the example shown for the set full scale
range instruction, IR.

Line 90 sete the offset of channel 1 to-+1 volt and channel 8 to —1 volt.
Channel 2 is not relevant for this set up, but its parameter cannot be
omitted because the offset for channel 3 must be set.
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CHANNEL 1
Y.AXiS {DEPENDENT)
{4V ,+8V] §

-# FULL SCALE
+6V ,8 V!

QFFSET

OV, 0Vig---—r CRANNEL 3
s e H-AX IS
) ZERO HINDEPENDENT)
1V, -1 V)

1t 4 v

4V ,-11V) & 1 J 6V 11 V)
The Query DC Offset Instruction, @V

USES: The QV instruction outputs the currently requested dc ofiset for
each input channel and whether or not the values are valid.

SYNTAX: @V terminator
PARAMETERS: None

EXPLANATION: When a QV instruction is received, four numbers are
output in ASCII, separated by commas as shown below. The first thre
numbers are the currently requested dec offset voltage values. The fourth
number indicates whether or not one or more of the dc offset values are
invalid: 0= valid, 1= invalid.

offset 1,offset 2, offset 3, validity CRIF

NOTE: Any de offset value that exceeds=£100 volts or twice the correspond-
’mg range value is an invalid condition. &

The Set Total Time Instruction, THB

USES: The TB instruction specifies the duration of a recording. Useit to
define total time in the buffersd recording mode or the sweep time in the

direct recording mode.
SYNTAX: TB time( units) terminator
or
TB terminator
Parameter Format Range Default
time real seconds: 0,030 to 100 1
minutes: 1.00 {0 1060
hours: 1.00 to 24.0
units integer 0= seconds 0
1= minutes
2= hours |
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EXPLANATION: The time parameter is limited to three significant daig-
its within the indicated ranges. Any additional digits are truncated. The
units parameter defines the units of time. If the unit parameter is omitted,
the units of time default to seconds.

A TB instruction without parameters (TB;) sets total time to 1.0 second
{default).

Total time may be set to any value from 30 milliseconds to 24 hours in the
buffered recording mode or from 1.0 second to 24 hours in the direct record-
ing mode. If the time value is set to less than 1.0 second, and a direct
recording is initiated, the measurement is performed with a total time value
of 1.0 second.

Out-ofrange parameters set error 3, and the instruction is ignored.

The following program shows one use of the TB instruction. The diagram
illastrates the conditions that are set up by the program and how total time
is mapped onto the independent (X) axis when a versus-time recording is
initiated. Note that only guadrants I and IV are applicable fo a versus-fime
recording.

10 ASSIGN @Hp?080C TO 7OS

70 OUTPUT $H@?090;"IN;GQZ;"

30 ENTER @Hp?080;A,E,C,D

40 Zy=INT( (D-B) 2+B)

50 CUTBUT @Hp7O80;"I2" ;M 2Zy;C3 D
8O OUTPUT @Hp7080;"RES;"

70 QUTPUT @Hp70S0;7IR10;"

8O QUTPUT @Hp7090;" TB10,0;"

90 END

Lines 10 through 50 establish a two-guadrant recording area inside the
default zero and full scale area.

Line 60 defines the independent (X) axis as time and the dependent (Y) axis
as channel 1.

Line 70 sets the full scale vange of channel 1 to 10 volis.
Line 80 sets total thme to 10 seconds.

CHANNEL 1
¥ {DEPENDENT) AXIS '
fos, 10§ FULL SCALE
5 {10s,10 ¥}
E, J
£ 1 TIME
{ézs“%%} i s B (INDEPENDENT)
: AXIS
s v
{05, -0V & {10s,-10V)
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The Query Total Time Instruction, QB

USES: The QB instruction outputs the currently specified duration of
recording.

SYNTAX: QB terminator
- PARAMETERS: None

EXPLANATION: When a QB instruction is received, the current total
time value is output as two numbers in ASCII, separated by & comma.

time,units CRLF

where: time = 0.080 1o 100 (seconds)
1.00 to 100 (minutes}
1.00 to 100 Chours)

units = 0 {(seconds)
1 {(minutes)
2 (hours)

The Draw Grid Instruction, DG |

USES: The DG instruction draws a user-defined grid or a fixed cenﬁmetre
grid to aid in analysis of plotted data.

SYNTAX: DG gridtype terminator
or
DG terminator

Parameter Format Range Default
grid type integer 6= user-defined grid 0
1= centimneire grid

EXPLANATION: A DG instruction with no parameter (DG ), or a pa-
rameter of zero (DGO;), draws a user-defined grid within the currently
defined recording area. The user-defined grid is drawn in accordance with
the conditions specified by the most recent GL instruction.

A DG instruction with a parameter of one (DG 1;) draws a standard centi-
metre grid thatis dependent only on the currently selected paper size. For A
amd A4 paper sizes, the standard grid is always 25X 18 cm. For B and A3
paper sizes, the standard grid is always 38X 25 cm.

NOTE; The standard centimetre grid is not subject to the conditions speci-
fied by the GL instruction. ®

Grids of both types are drawn using the currently selected pen. Refer to the
GL instruction for an example of drawing grids.
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The Set Grid Divisions Instruction, GL

USES: . The GL instruction specifies the number of divisions in the user-
defined grid and the quadrants ‘Where itis to be drawn by the DG instruction.

SYNTAX: GL X-axisdivisions,Y-axis divisions(, quadrants)

- terminator :
or ‘
- GL terminator
Default
Parameter Format ERange A/A4 B/A3

X-axis divisions intéger 1t 100 25 33
Y-axis divisions integer 10 100 18 25
quadrants ‘ integer 1to 15 1 1

EXPLANATION: The X-axis divisions parameter specifies the number
of grid divisions that are to be drawn vertically along the X-axis in any
given quadrant.

The Y-axis divisions parameter specifies the number of grid divisions that
are to be drawn horizontally along the Y-axis in any given guadrant.

The quadrants parameter defines the guadrants where the user-defined
grid is to be drawn. Any quadrant combination can be selected by specify-
ing an integer which is the sum of any combination of the bit valoes shown
below, Bach bit value included in the integer sets the corresponding bitto a
logic 1; thus designating the indicated quadrant.

NOTE: Any bit position that is not set to a logic 1 has a value of zero. #

Bit Bit - Logie :
Valae Position State Definition
1 0 1 ~ Quadrant1
2 1 1 Qﬁadrant 2
£ 2 1 Quadrant 3
8 3 1 Quadrant 4

The parameter values for drawing the user-defined grid in any given quad-
rant combination are shown in the following table. If the quadrants parame-
ter is omitted, the grid location defaults to quadrant 1.
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Value Quadrants Specified
Q Error 3 (instruction ignored)
1 1
2 2
3 land 2
4 3
5 1and 3
6 2and 3
7 1,2 and 3
8 4
9 land4

10 2and4

11 1,2, and 4
12 Jand 4

13 1,3, and 4
14 2,8, and 4
15 ©1,2,3,and 4

A GL instruction without parameters (GL;) establishes default grid divi-
sions based on the currently selected paper size and specifies the grid is to
be drawn only in quadrant I. For A and A4 paper sizes, the default grid
divisions are X == 25 and Y = 18. For B and A3 paper sizes, the default grid
divisions are X= 38 and Y= 25.

Parameters which include a decimal fraction are truncated to an integer,
and the instruction is executed without seiting an error. Qut-of-range pa-
rameters set error 3, and the instruction is ignored.

NOTE: The soft-clip limits established by the IW instruction have no effect
on the user-defined grid or the standard centimetre grid. &

The following example illustrates the use of the DG and GL instructions.
The program is a modified version of the program used to illustrate the T
instruction. The grid divisions set by the GL instruction correspond with
the specified range and total time values. Note that guadrants 1 and IV are
specified to correspond with the recording area that is defined for a versus-
time measurement.

10 ASSIGN @HE?OEC TO 70T

zZ0 QUTPUY @Hp70S0;"IN;QZ;"

30 ENTER @Hp7080;A,E,C,D

40 Zy=INT{(D-B) 2+B)

50 QUTPUT @HpT080;"IZ";R;2v;C;0
B0 QUTPUT ®Mp?080;"“RES;"

70 GUTPUT @Hp7?080;HIRIO;"

=1e) QUTPUT @Hp?030;"TB10,0;"

80 DUTPUT @HpTOS0;"GL1C,10,8;"
100  QUTPUT @HpTQLO0;"SP1;DG0O;"
110 END

Lines 10 through 80 are identical to the program used to illustrate the TB
instruction.

Tine 90 specifies a 10X 10 grid in both quadrants I and IV.
Line 100 selects pen 1 and draws the user-defined grid specified in line &
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The Query Grid Divisions Instruction, QL

USES: The QL instruction outputs the currently specified number of divi-
sions in the user-defined grid and the quadrants where it is to be drawmn.

HYNTAX: ¢L terminator
PARAMETERS: Noene

EXPLANATION: When s QL instruction is received, the number of
grid divisions in each axis and the guadrants where the grid is to be drawn
are output as three numbers in ASCII, separated by cominas.

X.axig divisiong, Y-axis divisions, quadrants CRLF

The first two numbers are the actual number of divisions that will be
drawn in each guadrant. The third number ig the sum of the bit values
which define the quadrants where the grid is to be drawn. All possible bit
values and their meaning are shown in the following table.

Value Guadrants Specified
1 i
2 2
3 land?2
4 3
5 1and3
6 Zand 3
7 1,2, and 3
8 4
9 land 4
10 2and 4
11 1,2, and 4
12 3and 4
13 1,8,and 4
14 2,3, and 4
15 1,2,8 and 4
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The Set Trigger Mode Instruction, TM

USES: The TM instruction selects the triggering mode that is to be used
to start data recording. Refer to Triggering, Chapter 2.

BYNTAY: T4 mode( options) terminator
or
TM terminator

Parameter Format Range Default

mode integer (0= manual 0
1= external
2= internal

options integer 0= above level 0
1= below level

2= inside window
3= ouiside window

EXPLANATION: The modeparameter selects either the manual, exter-
nal, or internal triggering mdde. The options parameter is ignored when
either manual or external triggering is selected.

The options pax:?meter selects the slope triggering options that are avail-
able only when internal (channel 1) triggering is specified. The options
parameter defaulis to 0 (above level) when no value is specified.

A TM instruction without parameters {TM;) selects manual triggering modr
{defauit).

Out-of range parameters set exror 3, and the instruction is ignored.

The Query Trigger Mode Instruction, QT
USES: The QT instruction outputs the currently selected frigger mode.
SYNTAX: @7 terminator ‘
PARAMETERS: None

EXPLANATION: When a QT instruction is received, the trigger mode
status is output as two numbers in ASCII, separated by a comma.

mode, option CRLF

where: mode = 0 {manual)
1 (external)
2 (internal)

options = () (above level)
1 {below level)
2 (inside window)
3 {outside window)

NOTE: The opfions parameter is always 0 for mode parameters of Gor L. @
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The Set Trigger Level and Width Instruction, TA

USES: TheTA instruction specifies the trigger level for above and below
level triggering and the trigger level and width for inside and outside win-
dow triggering. Refer to Triggering, Chapter 2

SYNTAX: TA level( width} terminator
or
TA terminator

Parameter Format Range ; Default
level real 4200 volts ! 0 volts
! width real . 010200 volts {1 volts

EXPLANATION: The level parameter specifies the voltage level where
above or below level triggering occurs. When ipside or outside window
triggering is selected, the level parameter specifies the center voltage point
of the trigger window.

The width parameter is in volts and specifies the total width of the trigger
window that is centered on the trigger level voltage. The width parameter
is applicable only when inside or outside window {riggering is selected. The
default value (0 volte) is set if the width parameter is omitted.

Each parameter specified is limited to three significant digits within the
indicated ranges. Any additional digits are trancated, but no error is set.
Out-of range parameters sef error 3, and are ignored. Subsequent parame-
ters are also ignored, but the instruction is executed with any prior valid
parameter.

Any requested value within the indicated ranges is displayed when the
front-panel menu selects the TRIGGER LEVEL 0T TRIGGER WIDTH positions. How-
ever, the TRIGGER LEVEL or TRIGGER WiDTH menu LED will be blinking if the
requested value exceeds the current voltage limits of the recording area. .
The response from a QA instruction will also indicate the requested value
and whether or not the values are valid.

A TA instruction without parameters (TA ;) sets both the trigger level and
width o zero volts (default).

The Query Trigger Level and Width Instruction, QA

USES: The QA instruction outputs the cuwrrenily requested trigger level
and width voliages and whether or not the values are valid.

SYNTAX: QA terminator
PARAMETERS: None

EXPLANATION: When a QA instruction is received, three numbers
are output in ASCII, separated by commas as shown below, The first two
numbers are the currently requested trigger level and width voltage values.
The third number indicates whether or not one or both of the values are
invalid; 0= valid, 1= invalid.

level, width , validity CRLF
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The Query Trigger Time Instruction, QU
USES: The QU instruction outputs the time the last frigger occurred.
SYNTAX: QU terminator
PARAMETERS: None

EXPLANATION: When a QU instruction is received, the fime the last
trigger occurred is output as three numbers in ASCII, separated by commas.

hours , minutes , seconds CRLF

where: houwrs =01023
minutes= 0 to B9
seconds = 0 to 59

NOTE: The QU instruction outputs the time the HP 7090 1s powered-up
umtil a measurement is performed. The time returned is dependent on the
setting of the real-time clock. M

The Set Post- and Pre-Trigger Time Instruction, TG

USES: The TG instruction specifies either a post-trigger time delay or the
armount of total time that is used to record pre-trigger data. Refer to Trigger-
ing, Chapter 2.

SYNTAY: TG time(units) terminator
or
TG terminator

Parameter Format Range Defaul:

time real +0.00 to 100 {seconds) 0
+1.00 to 100 {minutes)
+1.00 to 24.0 (howrs)

uniis integer 0= seconds -0
1= minutes
2= hours

EXPLANATION: The sign of the time parameter selects the function:
positive values specify post-trigger time delay and negative values specify
pre-trigger time. Any time within the indicated ranges may be specified for
the post-trigger capability, but the pre-trigger time is restricted to 100 per-
cent of the currently specified total time, The time parameter used is limited
to three gignificant digits and any additional digits ave truncated.

The units parameter defines the units of time. I the units parameter is
omitted, the units of time default to seconds.

A TG instruction without parameters (T'G;) sets the post- and pre-trigger
time to zero seconds (default).

Out-of-range parameters set exrvor 3, and the instruction is ignored.
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Anv requested value within the indicated ranges is displayed when the
front panel menu selects the POST TRIGGER (+)/PRE TRIGGER (-} position. How-
ever, the menu LED will be blinking if a pre-trigger time is requested that
exceeds the current total time value, The response from a QG instruction
will also indicate the requested fime and whether or not the value is valid.

NOTE: The postirigger capability cannot be used when internal inside
window triggering is selected and the measurement is a buffered recording.
The pre-trigger capability is applicable only wher internal or external trig-
gering is selected and the measurement is a buffered recording. &

The Query Post- and Pre-Trigger Time Instruction, QG

USES: The QG instruction cuiputs the currently requested post- or pre-
trigger time and whether or not the time value is valid

SYNTAX: @G terminator
PARAMETERS: None

EXPLANATION: When a QG instruction is received, three numbers
are cutput in ASCII, separated by commas as shown below, The first two
nurmbers indicate the requested post- or pre-trigger time. The second number
indicates the units of the first number. The sign of the first number indicates
the function: positive for post-trigger time delay and negative for pre-trigger
time.

The third number indicates whether or not the time valueis valid: 0= valid,
1=invalid. An invalid time is indizated only if a pre-frigger fime in excess
of total time is requested,

time, units , validity CRLF

where: fHime =000 to 100 (seconds)
£1.00 to 100 (minutes)
=£1.00 to 24.0 thours)

writs = 0 (seconds)
1 {minutes}
2 (hours)
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The Set Real-Time Clock Instruction, I'T

USES: The ITinstruction sets the time and date of the internal real-time
cloek. :

SYNTAX: IT yeér,month,day,hcurs,minums terminator

. Parameter Format Range | Default
vear © infeger Dto 89 none
raonth integer 1012

or or
character JAN 10 DEC
day integer 1t031
hours integer 01023
minutes integer 0 to 59

EXPLANATION: Values in the indicated ranges must be specified for
all parameters. The month parameter may be specified ag either a number
from 1 to 12 or as the three letter abbreviation for the month. The day
parameter rangeis 1 to 31; however, the day is set fo 1 if more days than the
month can have are specified (ie., Feb 29 would set the day to Feb 1}. The
hours parameter is specified in “24-hour clock” terms rather than 12-hour
AM/PM terms.

Executing an IT instruction with a missing or out-of-range parameter sets
error 3, and the instruction is ignored.

NOTE: Seconds on the real-time clock are automatically set to zero when
an IT instruction 1s executed. ® :

The Query Real-Time Clock Instruction, Q‘W

USES: The QW instruction outputs the current time and date of the real-
time clock.

SYNTAX: QW terminator
PARAMETERS: None

EXPLANATION: When a QW instruction is received, the current time
and date are output as six numbers in ASCIL, separated by commas.

vear ,month ,day , hours, minutes , seconds CRILF

where: vear = 00t099
month = 011012
day = 0110 3L
hours = ({to23
minutes == 00 to 59
geconds == 00 to 59
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The Label Time and Date Instruction, TD

USES: The TD instruction provides the means to label the set up condi-
tions for a recording, the current date and time, and the time that the
trigger occurred.

SYNTAX: TD labeltype terminator
ay
TD terminator

Parameter Format Range Default

label type integer 0= time and date 0
1= fime

2=date

3= trigger time

4= gat up conditions

EXPLANATION: Alllabeled values for time, date, and trigger time are
determined by the real-time clock. A TD instruction with no parameter
(TD;) or a parameter of zero (T'D 0;) prints the time and date label. The time
(TD13), date (TD2), and trigger time (TD 3 ;) can all be labeled separately.

However, until a measurement is performed, the trigger time defaults to the
time that the HP 7080 was last turned on. The format for time and date
labels is as follows:

. 08: 32: 49 N2 JAN B4
HOURS — T T seconos C BAY —— | T vEar

MINUTES MONTH

The label format for the default set up conditions (TD4;) is shown below.
The label changes automatically to reflect the current set up conditions.

RANGES: 10.00V  10.00V  10.00V
OFFSETS: 0.0V 0. ov 0. Qv
TOTAL TIME: 1.00S

POST-TRIG: 0.0S

. TRIGGER: MAN

" The TD instruction labels the specified data using the currently selected

pen. The direction, size, and slant of the characters in the label are deter-
mined by the values of the DI, DR, SI, SR, and SL instructions in effect -
when the TD instruction is executed.

The specified label begins at the current pen position, or the label can be
shified from the current pen position using the CP or LO instructions.

NOTE: When labeling the set up conditions (TD4;), the CP instruction
has an effect on only the first line of the label. Subsequent lines in the label
will be started at the carriage return point. Refer 1o the 1.B instruction for
an explanation of the conditions which determine the location of the car-
riage return point. B

An out-ofrange parameter sets ervor 3, and the instruction is ignored.
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Chapter 4

The Recorder
Measurement Instructions

What You’ll Learn in This Chapter

In this chapter you will learn how to start and stop measurements, plot the
buffer contents, and stream data from the HP 7090 to a computer. Finally,
a practical example is given to illustrate using many of the HP-RL: and
HP-GL instructions. ‘

Instructions Covered

DO The Set Data Outpui Instruction

MS The Measurement Start Instruchion

MT The Measurement Terminate Instruction

PIL. The Plot Buffer Instruetion:

QD The Query Direct A/D Data Sample Instruction
QI The Query Buffered A/D Data Sample Instruction
8D 'The Set Sampie Delay Instruction -

The Measurement Start Instruction, MS

USES: The MS instruction is used to programmatically initiate either
direct or buffered recording measurements.

SYNTAX: MS measurement terminator
or ’

MS  terminator
FParameter Format Range Default
measurement integer (== direct recording 0
1 == huffered recording

EXPLANATION: Executing an MS instruction is equivalent to pressing
one of the front panel MEASUREMENT CONTROL buttons, An MS instruction
with no parameter (MS3), or a parameter of 0 (MS0;) initiates the direct
recording mode. An MS instruction with a parameter of 1 (MS1;) initiates
the buffered recording mode. The specified measurement will be performed
according to the current setup conditions.
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An out-of-range parameter sets error &, and the instruction is ignored.

All HP-RL and HP-GL instructions, except QC and @S, will terminate &
buffered recording (MS 1) during trigger search or a direct recording (MS(

at any time. After the trigger is found in a buffered recording, a PL or Q1
instruction can be executed without terminating the measurement. The PL
instruction will plot the buffer contents as the buffers continue filling. The
QI instruction will copy data points from the buffers and send them to a
computer as the buffers continue filling. In either case, any specified post-
trigger time delay must elapse before the specified operation is performed.

The Measurement Terminate Instruction, MT

USES: The MT instruction is used to programmatically terminate either
direct and buffered recording measurements or the data acquisition mode.

SYNTAX: MT terminator
PARAMETERS: None

EXPLANATION: Executing an MT instruction is equivalent to pressing
the front-panel sTop bution. '

The Plot Buffer Instruction, PL

USES: The PLinstruction is used to initiate plotiing of the current buffer
contents.

SYNTAX: PL fterminator
PARAMETERS: None

EXPLANATION: Executing a PL instruction is equivalent to pressing
the front-panel PLOT BUsrFER button. The buffer contents for each selected
channel ave plotted in order, using the pen with the same number as the
channel(s).

The Set Data Qutput Instruction, DO

USES: The DO instruction defines how data samples are to be output
when the data acquisition mode is subsequently initiated by the QD (direct}
or QI (buffered) instructions.

SYNTAX: DO channel(s),# of samples, format, frigger status
terminator
or
DO  terminator
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Parameter Format | Range Default

channel{s} integer ()= chamnels 1, 2, and 3 it
1= channel 1
2= channel 2
3= channel 3

# of samples integer 0to 32767 0
{()= continuous sampling)

format integer 0= ASCIH _ 0
1= binary

trigger status integer 0=no trigger status 0

‘ 1= send frigger status

EXPLANATION: Executing a DO instruction with parameters in the
indicated ranges defines the contents and the number of samples, or sample
sets, that will be output when the data acquisition mode is subsequently
invoked by a @D or QI instruction. The first and second parameters specify
the channels that are to be sampled and the number of samples, or sampls
sets, that are to be output. The third parameter specifies whether the sam-
ples, or sample sets, are to be output in ASCII or binary format. The fourth
parameter specifies whether or not the trigger status is to be output with
each sample, or sample set.

A DO instruction without parameters (DO ;) sets the default conditions for
data sample output. The default conditions specify continuous sampling
from all channels in ASCII format without fzigger status (D00,0,0,0;).
Unless a specific DO instruction is executed prior to invoking the data
acquisition mode, data samples will be output in accordance with the default
conditions.

The samples, or sample sets, are output in the following form:
chX, (trig,) ... chX, (ixig) CRLF (ASCII format)
ch¥ (trig) ... chX (trig} {(binary format)
or
chi,ch2,ch, (trig,) ... chl,ch2,ch3, (wig) CRLF (ASCI format)
chl ch? ch3 (trig) . .. chi ch2 ch3 (trig) (binary format)

In ASCII format, each channel sample is output as a four digit decimal
number with a minus sign if the value is negative. The resolution of the
sample voltage is determined by the range sefing of the corresponding
channel. The trigger status, if included, is either an ASCII zero or one: zero
indicates the trigger has not occurred; one indicates the trigger has occurred.
If the channel sample value exceeds the limiis of the range/offset values,
either 999 or-—999 is output for the sample value.

In binary format, each channel sample of the 12-bit A/D converiers is
output as two bytes. The most significant four data bits are the low four
bits of the first byte and the lower eight data bits are the second byte. The
trigger status, if included, is a separate byte of either binary zero or one:
zero indicates the trigger has not occurred, one indicates the trigger has
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securred. If the channel sample value exceeds the imits of the range/offset
values, the bits of the channel sample bytes are set as follows:

Overioad Condition | First Byte E Secongd Byte ’
Positive direction 11111111 1111111% 3
Negative direction 11110000 £0000000 J

Binary output is in terms of A/D converter counts. The A/D conversion
has a total span of 3948 A/D counts that are centered around 2048 A/D
counts (2048 + 1974 A/D counis). This means that - full scale volts is
mapped to 4022 A/D counts, zero volts is mapped to 2048 A/D counts, and
— fnll scale volts is mapped to 74 A/D counts. To convert binary to volts use

the following formula:
Binary() — 2048
Voltst) = mari;‘% A )Fu}l Scale Range()— DC Offset(i)

where: (D =channel 1,2, 0r3

If » finite number of samples are specified, the KND message {(the EQI Iine)
is set true concurrently with output of the last byte. In ASCII format, the
END message is set when the line feed character ie cutput. In binary
format, the END) message is set when the last byte of the last sample set is
output.

The Set Sample Delay Instruction, 5D

USES: The SD instruction sets the time interval between samples, o
samyple sets, for subsequent data transfers initiated by the QD instruction.

SYNTAYX: SD time ferminator
or
'SP terminator

Parameier Format Hange Default
time real 0.002 to 1000 seconds 0.1 second

EXPLANATION: The time parameter determines the time interval
between each A/D converter sample. If the computer has not completed
reading a sample when it is time for the next sarnple, the new sample is dis-
carded and bit 3 of the recorder status byte is set to indicate data has been
lost. The number of sarples requested by DO will always be sent even if
some interim samples are discarded. Refer to the QS instruction, Chapter 12,

An 8D instruction with no parameter (SD?) sets the time interval to 0.1
second {default).
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The minimum time interval that can be specified without data loss is depend-
ent on the content and format of the data and the speed of the computer.
The following table gives typical minimum time intervals for transfering
one complete sampie set of data using the HP series 200 computers.

String Variable Array Variable
Number of No With No With
Channels in Trigger Trigger Trigger Trigger
Sample Set Status Status Status Status
1 0.006s 0.007 s 0.006 ¢ 0.010s
(0.002 s) 0.003 s) {0.004 5) {0.007 s)
3 00175 6.017 s 0.022s 0026 s
{(1.006 &) (0.006 8} {0.011 s} {0.013 s}

ASCII Data Transfers
{Binary Data Transfers)

The Query Direct A/D Data Sample Instruction, QD

USES: The QD instruction initiates the data acquisition mode. Use it to
stream data samples from the A/D converters to a computer.

SYNTAX: QU terminator
PARAMETERS: Ncone

EXPLANATION: When the QD instruction is executed, and the HFP
7090 is vequested to talk, data samples are output from the A/D converters
to the computer. The number of samples to be sent are specified by the DO
instruction and the rate at which the samples are taken is specified by the
8D instruction. The default values for the DO and SD) instructions are used
if gpecific IXO and SD instructions are not executed prior to the QD instruc-
tion.. These default values specify continuous sampling of all channels in
ASCI format at a 0.1 second rate.

NOTE: If sample n+ 1 is ready for output before the computer has read
sample n, then sample n + 1 is discarded and bit 3 of the recorder status
byte is set to indicate data has been lost. Refer to the Q5 instruction,
Chapter 12. %

The data acquisition mode is automatically exited after the number of
samples requested by the DO instruction are output. This mode will be
exited prematurely if any instruction, including QC and QB, is received.
After the received instruction is processed, another QD instruction is re-
quired to invoke the data acquisition mode.
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The Query Buffered A/D Data Sample Instruction, QI

USES: The QI instruction initiates the transfer of the channel buffe
contents to a computer.

SYNTAX: @I terminator
PARAMETERS: None

EXPLANATION: When the QI instruction is executed, the currently
buffered data samples are output in accordance with the conditions speci-
fied by the DO instruction. Any number of samples, or sample sets, up to
the maximum capacity (1000} of the buffers may be requested by the DO
instruction. The sample rate specified by the SD instruction is ignored, and
the data samples are sent as fast as the computer can receive them. The
following table shows typical minimum time intervals for transferring one
complete sample set of data using the HP series 200 computers.

(ASCL! Patn Trandjers String Variable Array Variable
Number of No With No | With
Channels in Trigger Trigger Trigger Trigger
Sample Bet Status Status Status Status
1 0.0057 s 0.0064 = 0.0058 5 0.008 s
{0.0016 8) {0.0018 s} {0.004 s} (0.0052 s}
3 0.0168s 001758 0.017 s 0.018¢
{0.004 8) (0.00486 s) (0.0088 5) (0.010 s)
The data acquisifion mode is automatically exited afier the number of
samples requested by the DO instruction are output. This mode will be
exited prematurely if any instruction, including QC and QS, is received.
After the received instruction is processed, another QI instruction is re-
quired fo invoke the data acquisition mode,
A Practical  The following program and plot illustraie how buffered data can be trans-
Measurement ferred to a computer, manipulated, and then plotted to obtain data that
Example cannot be measured directly.

In this example, channel 1 and channel 2 are connected to a simple transis-
tor cireuit as shown. This allows simulianecus versustime measurement of
the emitter/collector voltage (V.) and collector current (1) when switeh S1
is closed. The V., and I, data sampies are transferred to the computer and
multiplied together to compute the power (Bs) that must be dissipated by
the transistor at any given time. The measured and computed data values
are alsc used as the Y.coordinate parameters of the PA (piot absolute)
instructions which plot the actual data curves. The Y-data values are plotted
versus time along the X-axis by using FOR-NEXT loops to generate the
X.coordinaie values in the PA instructions. Eefer 1o Chapters 5, 6, and 8 for
an explanation of plotiing, scaling, and Jabeling instructions that are used
i the prograum,
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3 M| CHANNEL 7
(Vee}

100

® hi }CHANN&EL?

100
1K § o :
“ !
‘ Lo tic
i AT

10 ‘This program takes a meazsurement of transistor woitage (Voe) wersus time
20 fim Channel 1; and simultanesusly, transistor cutrrent (Ic) versus time

30 {in Channel 2. Thess two data channels are then rezd into array variables.
40 {The array wvariables are then multiplied togethar to give ithe power (Pdis)
50 fuersus time that is dissipated by the transistor. This resultant pouwsr

50 I(Pdis? is then plotied on the HPF 7080, as well =s the Yoe and Ic,

70 i

80 !

30 !

100 !

110 ASSIGN $Hp?030 TO 705
120 OFTION BASE 1
130 DIM Chant (1000}, Chan2(1000),Resutt (10003

740 QUTEUT @Hp?7030;"IR10,.1;" !Sets RANGE for Channels § and 2.

150 OUTPUT $Hp7020;"TB.15,0;" ISets TOTAL TIME to 0.15 second.

180 QUTPUT @Hp?080;"TAZ,0;” iSets TRIGCER LEVEL toc 9 wvolts.

170 CUTPUT ®Hp?7080;"TG-.05,0;" !Sets PRETRIGGER TIME TG C.05 second.

180 QUTPUT @Hp?O80;Y TMZ, 13" iSets TRIGGER MODE to INTERNAL,BELOW LEYEL.
180 QuUTPUT @Hp?OR0;"MSB1;T IInvokes buffered recording mods,

200 DISP “CLOSE 51, THEN PRESE CONTINUE."

210 FRUSE

220 WAIT .5

230 GOSUB Data_out
20 GOSUE Result

280 GOSUB Plot_sreal
280 GOBUE Grid_tandZ
Z70 GOSUE Plos_1

Z80 GOBUB Plot_ares?
280 GOSUE Grid_1land2
300 GOSUB Plot 2

310 GOSUE Plot_areald
320 GOSUB Grig 3

330 GOEUB Plot_res
340 GOSUB Annotated
350 GOSUE AnnotateZ
380 GOSUE Rrnotatel
370 STOP

380 !

330 {
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400
410
420
430
440
450
480
470
480
490
G0
$10
520
£30
540
55¢
560
570
380
580
g00
810
520
8§30
E40
£50
660
E7O
680
630
700
710
720
730
740
780
TEO
Frge;
780
780
BC0
B1O
gzo
830
840
8506
880
EYO
BEU
8§30
300
210
320
830
340
850
3B
370
480
230
1000
1010
1020
103¢

i

i

i

!
Data_nut:

Result:

Piot_sarsal!
Grid,_tand2:

Piot _1:

Plot_zarea:

from the buffers

IThis subkroutine 2
rayv variziles Chanl

ta
land stores this data
land Chan,
|
QUTPUT &Hp?0S0;"D0,1000,0,0;:"
QUTPUT @Hp?03C; QI ;"
FOR N=1 TG 1000
DISP " TRAMSFERRING DRTER
ENTER ®Hp7090 USING “#,K";Chanl (N]
NEXT N
AUTPUT @HR7?OIC; D02, 10C80,0,0;¢
DUTPUT 8Hp?08C;7 QI ;"
FOR N=1 TO 1060
ENTER @Hp70B0 USING "4, K" ;ChanZ(N)
NEXT N
DISF “DATR TRANSFER COMPLETEY
RETURN )
i

dat
zr

IThis subroutine multiplies the data poént§
lin the Chant ang ChanZ arrays together and
Iplaces the results in the Result array.

!

FOR N«1 TG 1000

Result(N)=Chant{M)#Chan2 (M)

NEXT N

RE TURN

|

IThis subroutine sets the first plotiing
{arma 2zt the lower one third of the pags.

1

OUTFUT @Mp7030;“IP100G0, 1000,8000,3000;"
QUTPUT @HpTOS0;I21000, 1000,8000,3000;"
RETURN

\ .
|This subroutine grids %he plotting area #1782,
!

QUTPUT @Hp?080;"SFZ;"

DUTPUT @Hp?080;;*GL1E, 105"

SUTPUT SHRp?0S80;"AG;"

RETURN -

!

iThis subroutine plots the date in Chant array.

1

DUTPUT @Hp?O080; " IW1000, 1000,3000,3000;"
QUTPUT @Hp?080; " SC0, 1000,0, 1000;"

QUTPUT @HR7080;"8P1;"

FOR N=1 TO 1000

IF N=t THEN QUTPUT @Hp7CR0; " PUPAE" ;N3 Chant (N)%100
CUTEUT @HpTOS0;"POPA" ;N Chant (N)®#100

NERT N

OUTPUT @Hp7030;"8C;IW;"

RETURN

{

iThis subroutine sets ths second plotting
iarea at the middle one third of the pags.
‘ )

OUTPUT ®Mp70S0;"IP1000,3250,8000,3250;"
DUTPLIT ®Hp7080;" 121000,3250,8000,5250;"

RE TURN
!
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R

RO

e

Plot_aresald:

> Grid_3:

Flot_res:

Frnnotatel!

Anrnotate2!

[This subroutine plots the dats n Chand array.

ouTRUT @Hp?OEO;“ZN1DOOJSZ§O}9000}5250;“
QUTPUT @Mp7080;° 860, 1000,0,5000;"

QUTPUT &Hp?030;" SRt}

FOR mN=1 TO 1200

IF Nei THEN QUTFRUT GHp7OS0; “PURAY [ N; ChanZ (N)%100C0
QUTPUT ®HpTO80;"PDRR"; M ChanZ (K #10000
NEXT M

DUTPUT @Mp?080;"SC;TH;"

RETURKN

i

iThige subroutine sets the third plotting
larss at the uppsr one third of the page.
QUTPUT @Hp?OSO;”EP?OCO,ﬁSOC,SOOO,?SGO;“
QUTRUT @Hp?GSO;”IZTOOG,ESOO,BGOO,?SOO;“
RETURN

1

ITnis subroutine grids plotting area #3
!

DUTPUT SHp7080; " SPZ ;"

QUTPUT @Mp?08Q;"GL1S,55"

QUTPUT @Hp?080;" DG

RETURN

f

IThis subroutine plots the data in Result array.

|

QUTPUT @Hp?OSO;“IN?OOO,SSOO,SOOO,?SOO;“

QUTPUT @Hp?OSG;”SCG,3000,0,25000;“

DUTPUT @Hp?080;"8P1;°

FOR N=1 TO 100C

IF N=1 THEN QUTPUT @Hp?OSO;“PUPH“;N;ﬂemu!t(N}*1000OO
ouTrUT @Hp?OSO;“FﬁPﬁ”;N;Resu]tiN)*?OOOOO

MEXT N

OUTPUY &Hp?090;"SC;TH;"

RETURN

|

IThis subroutine FAnnoctates area #1.

3

SUTPUT SHp7080;"IP1000,1000,8000,3000;"

OgUTPUT @Hp?0BC:YSCO,180,0,10;"

OGUTPUT &Hp?CS0; " SPZ PUPRC, O

QUTPUT @Hp7C30;"L04;81.2,.3;"

FOR X=0 T0 150 STEP 10

QUTPUT @Hp?0B0 USING “KY3UFPAY XM, -1 8 LD X CHRs (3D
NEXT %

CUTRUT @Hp?OQO;“PH?S,—S‘S;LBMii?1sacands“;CHR$(3)
DUTPUT @Hp7080C;"PRO,O;LD1B;"

FOR Y=0 TO 10 .

CUTPUT @Hp?030 USING W PR LG, LB Y CHRS (D
NEXT Y

DUTPUT ®Hg?03C;"L04;PR-10,5;010,1;LBYce = Yolts" ;CHR${3)
OUTPUT @Hp?080;"DI1,0;30;L0;"

RETURN

{

IThis subroutine annotates zrea #2.

}

DUTPUT @Hp7080;"IP1000,3250,8000,5250;"

QUTPUT @Mp?080;"8CO,15¢,0,100;

QLITRUT @Hp7O30;*PAC, O LOTE,"

FOR YeQ TO 100 STEP 10

OUTRUT @Hp7O0B0 USING PREGTPR-LE, LB Y CHRS (S

The Recorder Measurement Instructions

48



1870 NEXT ¥

1880 SUTPUT @Hp7RS80;"LDePR-10,5C0,0I0,1;L8]c = Milliamperes” ; CHRE(ID
580 CUTPUT BHp7CEC;"DIN,C;8C;L0;"
1700 RETURN
1710 !
1720 Anmotateld: IThis subrolutine annotates ares ¥3,
1730 :
1740 QUTPUT §Hp7ORC;"IR10CC,3500,8000,¢500;"
1750 QUTPUT @Hp?7090;"SCG,150,0,280;"
1780 OUTPUT @Hp7080;"PARC,0;LD1E;"
1770 FOR ysC TO 250 STEF BO
1780 QUTPUT @HpTOS0 UBING "K";"PR-.E," Y " LB Y CHRS (T
1780 NEXT Vv
18Q0 CUTPUT @Hp7?030;"L04;PA=-1G,125;0IC,1;LEPdis = Milliwatts” JUHRSIS)
1810 QUTPUT @Hp?POB0;"DI1,0;8C;L0;SPO"
1820 RETURN
1830 !
1840 END
¢ 220 : JEn————
Py
s Pl ~—
g 200 ////r -\\\\\
— 130 }//'. \\\
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i
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Cha’p ter
Pen Control and Plotting

What You’ll Learn in This Chapter

In this chapter, you will learr: how to select or change pens, howtosetand
change pen velocity, how fo raise and lower the pen, and how to plot. You
will learn how to plot to absolute X,Y coordinates or to plet relative to the
last pen position. You will also learn how to send variables as parameters
of plot instructions; this will enable you to write general purpose graphics
programs.

Instructions Covered

PA The Plot Absolute Instruction
PR The Plot Relative Instruction
PU/PD  The Pen Up/Down Instructions
sP The Select Pen Instroction

V8 The Velocity Select Instruction

Terms You Should Understand

Absolute Plotting — plotting to a point whose location is specified relative
4o the reference coordinate system origin {0, 0). When the PA instruction is

used to plot to a point, the pen always moves to the same point on the .

plotting surface, no matter where the pen was before the move.

Relative Plotting ~ plotting to a point whose location is specified relative
to the current pen position. The point moved to then becomes the effective
origin for the next parameter of a plot relative instruction. When the PR
instruction is used to plot to a point, the destination of the pen depends on
where the pen was when the instruction was received.

Plotter Unit Equivalent — the X,Y coordinates of a point, given in user
units, if they were expressed in plotter units.
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The Select Pen Instruction, SP

USES: The SP instruction selects and/or stores a pen. The instruction ¥
used to load a pen into the pen holder so that drawing will occur. It can i
used during the plotting program fo select pens of different colors or widths.
1t can be used with a zero parameter or no parameter to store the pen
currently in the pen holder into iis stall at the end of a program.

SYNTAX: SF pennumber terminator
or
5P terminatorf

Parameter Format Range - Default |

pen number integer OicB 0 |

EXPLANATION: The pen number parameter should be in the range ¢
to 6. Decimal fractions are truncated. When the SP instruction is executed,
the plotter lifts and stores its current pen, if any, before it retrieves the
specified pen. After retrieving the new pen, it returns to the current graphics
position. '

An SP instruction with no parameter (SP;) or a parameter of zero (SP0;)
stores the current pen in the stall from which it was retrieved.

Parameters less than 0 or greater than 6 are ignored. Parameters less than
—32 768 or greater than 32767 set error 3.

The Pen Instructions, PU and PD

USES: ThePU and PD instructions raise and lower the pen. The instruc-
tions are used to raise and lower the pen during plotting. They may be used
with parameters to plot or move to the points specified by the parameters.

SYNTAX: PU terminstor
or
P terminator
and
PU X, ¥Y{(..) terminator

ar
PO X,Y(..) terminator

Parameter Format Range Default !
XY integer 327681032767 | nome |

EXPLANATION: When no parameters are inciuded, the pen up instruc-
tion, 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, if the
pen is within the soft-clip limits.

When parameters are included, the PU and PD instructions are interpreted
as forms of the plot absolute instruction, PA, or the plot relative instruction,
PR, depending on whether a PA or PR was the last plot instruction execute”
1f . PA or PR instruction has not been executed, PU and PD with param
ters are interpreted as forms of the PA instruction.
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If parameters are included, both coordinates of an X.Y coordinate pair must
he given. An odd number of parameters will set an error condition, but all
X.Y pairs that precede the unmatched parameter will be plotted. The coordi-
nates are interpreted as plotter units if scaling is off and user umits if
scaling is on. Refer to the PA and PR instructions in this chapter and to the
SC instruction in Chapter 6.

WOTE: The HP 7090 has an automatic pen lift feature which will 1ift the
pen if it has remained motionless for approximately 65 seconds. &

The Plot Absolute Instruction, PA

USES: The PA instruction moves the pen to the point(s) specified by the
X- and Y-coordinaie parameters. The instruction can be used together with
PD to draw lines or with PU to move the pen to a specific point on the plot.
1t can also be executed without parameters to establish absclute plotting,
as opposed to relative plotting for PU or PD instructions with pararmeters.
In this case, the parameters of PU and PD are imterpreted as absolute XY
coordinates until any PR instruction is received.

SYNTAX: PA X coordinate, Y. coordinate{, X; coordinate,
Yo coordinate , . .., X, covrdinate, ¥, coordinate)
terminator '
or
PA  terminator

g Parameter Format - Range Default
% XY coordinates integer —32768 to 32767 none

EXPLANATION: A PA instruction with parameters requires that both
the X- and Y-coordinates are specified {coordinate pair) in integer format.
The X-coordinate parameter specifies the X-axis location to which the pen
will move. The Y-coordinate parameter specifies the Y-axis location to which
the pen will move, If scaling is on, the coordinates are interpreted as user
units; if scaling is off, the coprdinates are interpreted as plotter units. Refer
to The Sealing Instruction, 8C, in Chapter 6 for a description of user units.

A PA instruction without parameters sets absolute plotting mode for PU
and PD instructions with parameters.

The mnemonics PU and PD can be included ahead of, between, or after XY
coordinate pairs. PU Lfts the pen; PD lowers the pen.

Any number of coordinate pairs, as well as PU or PD mnemonics, can be
listed after a PA instruction. {This is Bmited by the ability of the computer
to continue instructions on multiple lines without generating a line feed
character, which is an instruction terminator.) The pen will move to each
point in the order given. Commas or spaces are required between numeric
parameters and are optional after {wo-letter mnemonics. The last entry is
followed by the terminator. In the following examples, commas are used to
show optional and required separators. Optional commas or spaces which
can be used betwesn each letter of the mmnemonics are not shown. The
semicolon is used to indicate the terminator.
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PA,PD§X1,Y}_,PU,X:Q,YQ,PD,X’S,YB,;

1 A I N N N

COPTIONAL
PU X, Y, PD LXK, Ve X, Y, PUS
OFTIONAL
PD,X} ,Y; ,X.Q,Yﬁy}{«'%’Y'és;
OPTIONAL

If no pen control parameter is given, the pen will assume the pen state (up
or down) of the previous statement. The PU or PD mnemonics can also be
substituted for the PA (or PR) mnemonic. This is equivalent to having PU;
or PD; preceding the PA or PR instruction. Therefore, PU and PD with
parameters are interpreted to be in place of PA or PR, depending upon
which mnemonic, PA or PR, was last specified. -

PA is specified by any of the following:

e power-up or front-panel initialization,

& execution of an IN instruction,

@ execution of 2 DF instruction, or

¢ execution of a PA instruction with or without parameters.

The pen moves and draws lines only within the currently defined window.
Refer to The Input Window Instruction, IW, in Chapter 6.

The plotter ignores parameters which are out of range. When scaling is off,
in-range parameters are greater than or equal to—32763 and less than or
equal to 32 767. When scaling is on, both the parameters and their plotter
unit equivalent must also be in that same range. To find the plotter unit
equivalent, use the equations in the section Scaling Without Using the 3C
Instruction in Appendix C.

There are four types of vectors that can be drawn with a PA instruction
from a given last point to some new point.

LAST POINT NEW POINT

. ingide window area. to inside window area
ingide window area  to outside window ares
 outside window area to inside window area
. outside window area to outside window area

du 0D DD

In type one, the pen moves from the last point to the new point with the pen
up or down as programmed.

In type two, the pen moves from the last point toward the new point and
stops where the line between the two points intersects the current window.
The pen up/down condition is as programmed until the intersection is
reached. Then, the pen is raised and ouT oF LT (limif) is displayed.
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In type three, the pen moves with the pen up, to the point where the straight
Line between the last and new point intersects the window limit. When the
pen reaches this point, the OUT OF LMT goes out and the pen assumes its
programmed (up or down) position. The pen then moves to the new point.

In type four, no pen movement occurs unless the straight line between the
iast and new point intersects the window. The X- and Y-coordinates of the
current pen position are updated. If part of the vector is in the window area,
the pen moves, pen up, to the point where the line between the last and the
new point first intersects the window limit. The pen moves under pro-
grammed pen up/down control to the intersection of the vector and the
other window Hmit. At this point, the pen stops and Lifts.

Since out-of-range points are ignored, the plotter will draw a line between
the two points on either side of discarded points. You can be sure all lines
an your plot represent actual data if yow

1. have not changed the error mask from its default setting:
9. have not executed an output error instruction; and
3. the ERROR digplay is not on at the end of your plot.

(The fact that the error display is on does not necessarily mean out-of-
range data has been encountered; there are other situations that cause the
ERROR display to turn on. For example, too many parameters in any imstrue-
tion will turn on the ERROR display.)

The following strings of HP-GL instructions, if sent to the plotier using a
suitable output statement such as PRINT or OUTPUT, will draw two tri-
angles and then move to the point 10000, 7000 with the pen up.

"IN SPT;Y
"BAZGO0, 1500, PD, 0, 1500, 2000, 3500, 2000, 1500,
PU, 2500, 1500;"
"« PRPD4500, 1500, 2500, 3500, 2500, 1500, PU, 10008, 7000; "

. 250 ,3500
2000,3500 ~ s

o, 1600 START 2500 ,1500 45001500
2000, 1500 ‘
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The Plot Relative Instruction, PR

USES: The PR instruction moves the pen relative to its current locatior
by the number of units specified by the X- and Y-increment parameters. &
PR instruction can be used like a PA instruction to draw lines and move to
a point. However, with PR, pen movement is relative to the current pen
position. The instruction can be executed without parameters to establish
relative plotting as opposed to absolute plotting for PU or PD instructions
with parameters. It is often used to draw multiple occurrences of some
figure on a plot, for example, to draw several rectangles of the same size.

SYNTAYX: PBE X, increment,Y; increment(, X; increment,
Y increment , . .., X, increment, Y, increment)
terminator
or
PR terminator

Parameter Format Range Defauit
XY increments integer —32768 to 32767 none

EXPLANATION: A PRinstruction requires that both increments of an
XY pair be given. An odd number of parameters will set an error condition,
but all XY pairs which precede the unmatched parameter will be plotted.

The X-increment specifies the number of units the pen will move in the
divection of the X-axis. The Y-increment specifies the number of units the
pen will move in the direction of the Y-axis. The sign of the parameter
determines the direction of movement; a positive value moves the pen i

the positive direction and a negative value moves the pen in the negative

_ direction. If scaling is on, both parameters are interpreted as user units. [f

scaling is off, both parameters are interpreted as plotter units. Refer to The
Scaling Instruction, 8C, in Chapter 6 for a description of user units.

The mnemonics PU and PD can beincluded ahead of, between, or after XY
increment pairs. PU lifts the pen; PD lowers the pen. Any number of incre-
ment pairs, as well as PU or PD mnemonics, (limited only by the ability of
the computer to continue instructions on multiple ines without generating
a line feed characier) can be listed after the PR instruction. The placement
of optional or required separators and the terminator is the same as for the
PA instruction.

If no pen. control parameter is given, the pen will assume the pen state (up
or down) of the previous instruction. The PU or PD mnemonics can also be
gubstituted for the PR mnemonic. This is equivalent to having PU; or PD;
preceding the PR instruction. Since the power-on default is absoluie plotiing
mode, a PR instruciion must be executed before parameters of PD or PU
instructions will be interpreted as X,Y increments. Relative plotting mode
is cancelled by execution of a PA, IN, or DF instruction. ‘

The pen moves and draws lines only within the currently defined window.
Refer to The Input Window Instruction, IW, in Chapter 6. Drawing of
vectors in relation to the window is as described under the PA instruction.

The plotter ignores parameters which are out of range or whose plotier unjt
equivalent would be out of range if the indicated move were made. Error
js met {out-of-range parameter).
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When scaling is off, inrange parameters are between —32 768 and 32767
When scaling is on, in-range parameters and their plotier unit equivalent
must be in the same range. To find plotter unit equivalents, refer to the
section Scaling Without Using the SC Instruction in Appendix C.

The following strings of HP-GL instructions, when sent to the plotter using
. your comzputer’'s output statements, cause iriangles to be drawn that are
identical to the ones previcusly drawn using only the PA instruction. The
numnbers in parenthesis on the plot are the XY increments of the PR instrue-
Hons. The numbers without parenthesis are the plotter unit ecordinates of
the vertices. :

VIN; SRS

"PRZ000, 1560, PD, PR-2000, 0, 2008, 2000, 0, -2000, PU, 500, 0; "
" PIZOO0, 0, ~2000,2000,0, ~2000, PU; "

2000 , 3600 \ 2500 3500
(2000, 2000) {=2000, 2000}

—~ = —

0,15060 ETART 2500, 1660 4500, 1500
{(~2000 , 3 2060, 1500 {500, 0} {2000, 0)
{¢,~2000) {0,-2000) ENB

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-RL and HP-GL instruction parameters have the same restrictions
(integer or decimals in 2 valid range) when sent as variables as when sent
as literals {fixed numbers}. The terminators and delimiters of HP-RL and
HP-GL instructions 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 BASIC program illustrates the use of variables in plotting a
circle and shows how QUTPUT statements can be used to send variables
as parameters of HP-GL instructions. You will use a similar methed if you
are programming in another language. Quotation marks are used by many
computers and languages to delimit literal characters. Note the comma in
line 70, which is part of the HP-GL instruction to be sent o the plotter; it is
specified as a Hteralin guotes. With the HP 7090, 2 space may be substituted
for the literal comma, shown in quotes. If your compuier automatically
sends spaces between variables, these spaces will delimit the coordinate
parameters and a literal commma or space will not be necessary. The X and
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Y variables are automatically truncated to integers by the plotter. Unless
vou are writing software to be compatible with other HP plotters such as
the HP 9872, it is not necessary to add a formathng statement to assur
variables are sent as integers by your computer.

To run this program, be sure that PI is a function recognized by your
computer. If PI is not recognized, add & line before line 40 1o define Pl as a
varigble (P1=3.1416).

10 QUTPUT 705;"IN;SP1;"
20 CUTPUT 705;"IP100C,1000,8000,EC00;"

30 QUTPUT 708;"SC0,Z25000,0,25000;" This statement causes the
40 FOR T=0 TG 2%P1 STEP PI-ZC ﬁiﬁ?{?ﬁ,g;"éﬁﬁégix'
B0  K=4,5%1000%COS(T)I+12500 the S anet ¥ - yariabies and
B0 Ye=4 5x1000%SINCTIF12500 fower the pen. The HP.GL
3o GUTPUT ?05-;15;3911 ;X;“ R I ; Y; it ;PE}; g mner,namcs,deismiters and
8"\‘ NE XT T tgrrmr:a.tors are sent as

~ literals In quotes on some
30  QUTPUT 205;"*PU;SPC;Y computers. The delimiter
160 ERD b ineluded hers to

. delingate the variables X
and Y.

The Velocity Select Instruction, VS

IJSES: The VS instruction specifies the pen-up and pen-down speed for
plotting and labeling operations. Use it to slow velocity to 10 cm/s when
plotting on transparency film. A shightly wider line can be created by
slowing down the pen speed on any medium. A pen nearing the end of its
life will write with a clearer, sharper, more solid hne if the velocity 1s
slowed,

SYNTAX: VS pen velocity terminsgtor

or

V8 terminator
Parameter Format Range Diefautt
pen velocity real { to 127.9999 em/s 75 em/s

EXPLANATION: A VS instraction without parameters (V3 ;) sefs pen-
up and pen-down speed io the defanlt velocity of 75 em/& (30 in./5). Parame-
ters equal to or greater than 38 em/s set both pen-up and pen-down speeds
to the specified value. Parameters less than 38 em/s set the pen-up speed to
358 cm/s and the pen-down speed to the specified value.

Any parameter in the range of 0 to 127.8999 may be specified. However, a
velocity of 0 to 0.97 is set to 0.97 cm/s. Parameters greater that .97 cm/s
are set to the nearest multiple of 1.94 cm/s; Le., a parameter of 3 is zet to
2.91 cm/s (0.97 + 1.94). Negative parameters and parameters greater than
or equal to 128 set error 3, and the instruction is ignored.

A DF or IN instruction will reset pen velocity to 75 em/s.
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Chapter .

Plotter Scaling and Windows

What You’ll Learn in This Chapter

In this chapter you will learn how to scale the plotting area into user units
appropriate for your data, and how to set or read the current scaling points.
After reading this chapter, you will also be able to restrict plotting fo only a
portion of the plotting area and read the current sofi-clip Limits.

Instructions Covered

iF  'The Input P1 and P2 Instruction
IW The Input Window Instruction
OP The Output P1 and P2 Instruction
OW The Output Window Instruction
8C The Scale Instruction

Terms You Should Understand

Scaling — dividing the plotting area into units convenient for your applica-
tion. Units need not be the same physical size in both axes, nor do there
need to be an equal nomber of units in the X- and Y-axes.

Scaling Points — the points on the plotting surface moved to when the
front-panel buttons Pt and p2 are pressed, These points are assigned the
user-unit values specified by the parameters of the scaling instruction 8C.

Window — that part of the plotting area in which plotting of points, lines
and labels can oceur. At power-on, the window is set inside the hard-clip
limits. Only recorder plots, grids, and labels from the front-panel can be
drawn ocutside the current window.,

Clipping - restrieting plotting to a portion of the plotting area by establish-
ing a window of a certain size.

Setting the Scaling Points

On power-up, the defanli location of sealing point P1 is in the lowerleft
corner of A/A4 size paper or in the lowerright corner of B/AS size paper. In
each case, the defanlt location of scaling point P2 is in the corner opposite
from P1. The exact default coordinate locafions of scaling points Pl and P2
are shown in the tables given in The Reference Coordinate System para-
graph, Chapter 2. These default coordinate values define opposite corners
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of a rectangular area that is approximately centered on the associated size
of paper. Regardless of its size, the rectangular area defined by P1 and P2
will hereafier be referred to as the “P1/P2 frame.”

The locations of scaling points P1 and P2 can be changed manually from
the front panel or programmatically with the IP instruction. Refer to the
following paragraph for the manual procedure and to the following section
for a description of the IP instruction. The default locations for P1 and P2
can be reestablished by any of the following methods:

o power-up initialization,

& execution of either the IN instruction or the IP instruction without
parameters,

# pressing SHIFT+STOP buttons (front-panel initialization).

Setting P1 and P2 P2 moves when P1 is moved manually. If you want P2 to be at a specific
Manually location, set F1 first and then P2. If you want to establish an area of a
certain size onto which the parameters of a scale instruction will be mapped,
you may set P2 in the desired location relative to the current P1, and then
move P1, P2 will move with P1 so that both the X- and Y-distances between
P1 and P2 remain eonstant. If such a move means the new location of P2
will be beyond the hard-clip limits, either or both coordinates of P2 are set
to the hard-clip limits. In this case, the size of the rectangle established by
P1 and P2 will, of course, not remain the same.

To set P1 and P2 manually:

1. Press the front-panel SHIFT+P1 buttons to invoke the P1 positioning func-
tion and turn on the associated indicator. Move the pen to the desired
location using the front-panel pen cursor buttons.

9. Press the #1 button a second-time. This extinguishes the indicator and
sets the new location of P1.

3. Press the front-panel sHIFT+p2 buttons to invoke the P2 positioning func-
Hon and turn on the associated indicator. Move the pen to the desired
location using the front-panel pen cursor butions.

4. Press the pz button a second-time. This extinguishes the indicator and
sets the new location of P2,

5. Check the new locations of the scaling points by pressing SHIFT+P1; then
sHIFT+P2. The pen will move to the new P1 and P2 poinis.

NOTE: While either indicator is lit, moving the pen with the pen cursor
. buttons will change the location of the associated scaling point. Always exit
the positioning functions to avoid accidental repositioning of P1 or P2. &

The Input P1 and P2 Instruction, IP

UUSES: The IP instruction provides program contrel over the locations of
the P1 and P2 scaling points. The IP instruction can be used to move P1
and P2 from their default or current locations; to give mirror images of
vectors and labels; to change the size of a user unit, thus reducing or

6-2 Plotter Scaling and Windows



-

e

enlarging an image; to change the size or direction of labels when relative
character size or direction is in effect; and to set Pt and P2 back to their
default locations.

SYNTAX: IP Pix,Ple{P2:.P2y) terminator

aor
IP terminator
Parameter | Format Range Default
Pi,P2 integer | —32768t0 32767 | dependent on current
' paper size

EXPLANATION: The coordinates of P1 and P2 are specified in the
order shown above and are interpreted as plotter units. Neither point can
be located outside of the current hard-clip limits. If the location of either
point is specified outside of the hard-clip limits, its coordinates are changed
automatically to the hard-clip limits and no error is set. Parameters less
than—32 768 or greater than 32 767 will cause error 3 and the instruction is
ignored. _

Specifying the coordinates of P2 is optional. However, if the P2 coordinates
are omitted, then P2 tracks P1 and its coordinates change so that the X-and
V.distances between P1 and P2 do not change, unless P2 intersects the
hard-clip himits.

If either coordinate of P2 is set equal fo the corresponding coordinate of P,
then that coordinate of P2 is incremented by one plotter unit.

An IP instruction without parameters (IP;) sets P1 and P2 to the default
coordinate values for the currently selected size of paper. Refer to The
Reference Coordinate System, Chapter 2, for the default coordinate values
of P1 and P2.

Upon receipt of a valid TP instruction, bit position 1 of the plotter status
byte is set true (1). Refer to The Output Plotter Status Instruction, 08,
Chapter 12.

The following IP instruction relocates the scaling points P1 and P2 to the
positions shown in the figure.

" IP3000,2000,5000,5000;"

e P2
(5000, 5000}

e 0l
{3000 ,2000)
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The Output P1 and P2 Instruction, OP

TUSES: The OP instruction outputs the current plotser unit coordinates of
P1 and P2. This information can be used with the IW instruction to sef the
soft-clip Hanits to P1 and P2, to comnpute the number of plotter units per user
unit when plotier scating is on, or to determine the numeric coordinates of
P1 and P2 when they have been set manually.

SYNTAX: OF terminator
PARAMETERS: None

EXPLANATION: When an OP instruction is received, the current coor-
dinates of P1 and P2 are output in plotter units as four numbers in ASCIL,
separated by commas. '

Pix,Ply,P2x, P2y CRLF

Upon completion of catput, bit position 1 of the plotter status byteis cleared
{set to 0).

The Scale Instruction, SC

USES: The SC instruction establishes a user-unit coordinate system by
mapping values onto the scaling points P1 and P2. This instruction is used
to enable you to plot in user units convenient fo your application. Sealing
can be anisotropic (uneqgual in X and Y) or isotropic (equal in X and Y). In
addition, you can create mirror images of the plot and enlarge or reduce the
plot size by changing the positions of P1 and P2

SYNTAX: SC Xiow, Xmex, Ymin, Yoax  terminator
or
SC  terminator

Parameter Format Range Diefault
XY integer —32768 to 32787 plotter units

EXPLANATION: Executing an 5C instruction without parameters
{8C ) tions sealing off and subsequent parameters of plot instructions are
interpreted as plotier units. ‘

When parameters are used, all fowr parameters are required. Decimal pa-
rameters In an SC instruction are truncated to integers. The parameters
Xonin and Yo, define the useramit coordinates of P1; the parameters Xpax
and Y. define the user-unit coordinates of P2. P1 and P2 may be any two
opposite corners of a rectangle. No matter where P1 and P2 are, the paraime-
ters of the SC instruction are always mapped onto the current P1 and P2
location. Sealing points P1 and P2 retain the assigned user-unit coordinate
values until scaling is turned off or another SC instraction redefines their
user-unit cocrdinate values. Therefore, the physical size of 2 user unjt will
change when any change is made in the relative position and distance
between P1 and P2. Once an 5C instruction has been executed, all parame-
ters of HP-GL instructions PA, PR, and the response to an OC instruction
are interpreted as user units.
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The user-unit coordinate system that is mapped onto the reference coordi-
nate system by the SC instruction is not limited to the rectangle defined by
P1 and PZ; it extends over the entire range of the reference coordinate
system.

It is not possible to scale an area such that P1 and P2 are assigned values
larger than 32767 or less than —32768. To plot data with values beyond
these limits, reduce vour data to acceptable ranges by an arithmetic process
before sending it to the plotter. This can be accomplished by dividing the
data by some factor of 10 so that the integer portions fall between 32 767.

Specifying Kmex = Zmis 0F Ymax = Yain OF parameters less than —32768 or
greater than 32767 will set error 3, and the instruction is ignored. If more
than four parameters are specified, the instruction is executed with the first
four parameters, error 2 is set, and the rest of the parameters are ignored.

The following illustration shows the user-unit grid that is mapped onto the
reference coordinate system as a result of executing the indicated SC instrue-
tion. P1 and P2 are shown at their default locations for A/A4 size paper, but
the scaling would be the same for any P1/P2 frame.
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In the next illustration, P1 and P2 are still set at their default locations, but
the indicated SC instruction places the user-unit origin at P1.

"SC0,20,0,135;"
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j ;
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One factor to consider when determining scaling parameters is the required
smoothmess of the plot. The plotter can only move to integer locations in
the plotter ares. The smallest addressable move is one plotter unit or one
user unit in the X- or Y-direction. This is the resolution of the plot. Resolufion
is limited in that 0.025 mm (0.00098 in.) is the smallest move the plotier can
make. This is true even when finer resolution is specified by the parameters
of the 8C instruction zud the positions of P1 and P2. When resolution finer
than 0.025 mm is specified, the plotter uses conventional rounding and
positions the pen as close as possible to the specified coordinates in inere-
ments of ¢.025 mm.

When the range of the scale parameters is small, resolution is coarse and
may be insufficient to produce a satisfactory plot. While scaling could-estab-
lish & user unit as large as the hard-clip limits, the plotting area is usually
divided into several hundred or several thousand units. The Emitation on
coarse resolution is determined by the miniraum number of user units that
will allow creation of & satisfactory plot.

A second factor to consider is whether the plots represent geometric or
actual shapes. If so, isotropic scaling (equal in X and Y) must be established.
The means to assure sufficient resolution and set isotropic scaling are
demonstrated in the following examples.
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The examples are based on the egquations for a circle in polar coordinate
form.

X=ReosT andé Y=RsnT

where R is the radius of the circle and T is the angle in radians. Since there
are = radians in 180 degress, T must vary from 0 to 2 to draw & circle.

Example of Insufficient Resolution

This example shows that an indiscernible figure may result if user units
are too large. More often the figure will be recognizable but the curves will
not be sufficiently smooth. The above equations are used to draw a circlein
the center of the plotting area. The resolution of the plot as established by
the SC instruction is as follows: X-axis resolution = 5 mm since there are
5000 plotter units in the area divided into 25 user units in X.

5000 X 9-9225““% = Bmm
For the Y-axis resolution
025
5000 X 9“.,{51393. = 7.8 mm

This is 200 times coarser than plotter-unit resolution.

10 ASSIGN @Hp?08C TO 708
20 QUTPUT @Hp7080;"IN;BF1;IP1000, 1000,5000,8000;"
30 BUTPUT @Hp?080;"SC0O,25,0,186;"

40 FOR T«0 TG 2¥PI STEP PI/20

50 %wd  5%COS(TI+12.5

5O Yud ,5ESINCT)+8

70 QUTPUT GMp7030 USING BO;“PA")X;Y;";PD;"

50 IMRGE 2,2 (MDD), 4R
50 NEXT T

106G QUTPUT $Hp?OS0;%PU;Y
110 END

Indiscernibie Circle
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Program Description

Line 20 initializes the plotter, selects pen number 1, and positions P1 and
Pz

Line 30 scales the X-axis into 25 user units and the Y-axis into 16 user units.

Lines 40 and 80 define a loop in which hines 50 through 80 are executed 40
times as T ranges from 0 to 27 yadians, in steps of #/20 radians.

Line 50 computes the X-coordinate of a point on a circle with a radiuvs of 4. 5
user units, centered horizontally in the sealed area at 12.5.

Line 60 computes the Y-coordinate of a point on the circle and centers the
circle vertically at 8.

Line 70 plots the X- and Y-coordinates computed in lines 50 and 60. Line 80
ensures that the values are rounded to integers before they are sent to the
plotter.

Line 109 raises the pen.

Exarnple of Distorfion

This example solves the resolution problem by using a multiplier of 1000 in
both the scaling parameters and the equations for X and Y. The multlpher
is also used in the offset values to center the plot.

Noiice that the plot is an ellipse, rather than the expected circle. Thisis a
result of the unequal scaling in X and Y established by the parameters of
the 8C instruction.

10 ASSIGN $Mp?08C TO ?0% :

20 OUTPUT @Hp7080; " IN;SP1;IF1000,1000,8000,8000;"
30 QUTPUT @Hp?080;"SC0, 25000,0,18000;"

40 FOR T=0 TO 2Pl STEP PI20

50 Xmd S8 000%COS(THI+12500

BO Yed  5%1000%8INITI+0000

ks CUTPUT ®8Hp70S0 USING BOj"PRY;X; Y'“'pﬁ'“

ap IMRGE 2R,z (MDDDDDD, 4R

ac NEXT T
100 QUTPRUT @Hp?OBQ‘”PU;“
116 END

Distorted Circle
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Examples of Egual Scailing

When P1 and P2 define a square area as they do here, the way to compen-
sate for the distortion shown in the prior example is to set an eqnal number
of user units in both X and Y. The plot will be a perfect circle.

10 RESIGN GH7030 TO 708 ‘
20 QUTPUT ®Hp?080; " IN; SF;IF1000, 1008, 5000, EOOQ; "
3C CUTPUT @HRp7050;"5C0, 25000, 0, 25000; "

4G FOR T=0 TO 2%FI STEP FPI/20

50 M=4,3%1000%20S(TI+12500

B0 Y=4,5%1000%SIN(TI+12500 :

70 DUTPUT @Hp?080 USING SO:“FR";X;Y:";PD;"
30 IMAGE 2R,z (MODDDD), 4A

50 NEXT T

100 QUTPUT ®Hp7080;"PU;"

110 END

Perfect Circle

When the area defined by P1 and P2is not square and the scaling parame-
ters do not establish isotropic scaling, a geometrically accurate plot can be
created by using multipliers in the equations for X and Y or by adjusting
the parameters of the SC instruction. This is frequently done in programs
which may run on a variety of graphies devices or paper sizes. The constant
would be calculated elsewhere in the program, once the device to be used for
that plot was determined. The roultiplier would then appear in lines 80 or
60 as a variable instead of the constant 800 that appears in line 80 of the

- second program and the SC instruetion in line 30 of the second program

wotld depend on that constant.

The same circle will be drawn by both the following programs in the same
area as the ellipse drawn earlier. Note the area defined by Pl and P2is not
square. The first program adjusts the SC parameters fo match the IP instruc-
tion and one scaled unit equals one plotter unit. One scaled unit could equal
any number of plotter units, The second program adjusts the multiplier in
the equation for Y to carrespond to the ratio (PZx— Ply)/(P2y~ Ply).
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Scaling can also be used to expand or contract a graphics plot. To do this,

ASSIGN @Hp7090 TC 700

auTPUT @Hp?OSO;”IN;EP?;IP?OOO,ZB?E,BOOO,41

DUTPUT $Mp7080;"SCO,5000,0,1230;"

FOR T=0 TO z*PI STEP PI/40

X%& 5x200%CAS(TI+Z500
Y=4.3%200%3IN{TI+E2S

QUTPUT @Hp7080 USING BO;UPRT MY PRI
IMAGE 2A,Zz (MODDD), 4R

NEXT T

BUTEUT @Hp70S0; v FU; Y

END A

RSSIGN §Hp7080 TC 7QU

JUTPUT @Hp7030;°IN;BF1;1P100C,2875,800C,4125;"

CUTPUT ®Hp?080;" SC0, 5000, 0,5000;"

FOR T=0 70 2x%PI STEP PI/20

%=d , 5XZDORCOG(TI+2500
Y=4,5%BOO%BINCT)I+2500

QUTPUT ®Hp708C USING EO;“RA*;X;Y;";PD;"
IMRGE 2R,2(MDDDD), 4R

NEXT T

QUTPUT ®Hp?0S0;" BU; Y

END

the locations of P1 and P2 are changed.,

Example of a Contracted Plot

The following listing retraces the perfect circle plotted in example 3, then
relocates P2 closer to P1 and generates a second circle. Notice that the
second circle is much smaller, but is centered within the rectangle defined

by P1 and the new P2 location.
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10 ASSIGN @Hp7O30 TL 70

20 OUTPUT ®Hp?030;"IN;5P1;IP1000, 1000, 8000,5000;"
30 QUTPUT @Hp70390C; " SCO, 25000, 3, 25000; "

40 GOSUB BO

30 OUTPUT ®Hp?0SC; " IP1000, 1000, 2000, 2000;

80 GOSUB 8O

7C STOR

8¢ FOR T=0 TC 2%PI STEFP PI/20

3G X=4,5%1000%COS(T)+12500

100 Y=4.5%1000%SIN(T)+12500 :
110 - QUTPUT SHp7080 USING 120;"PRA";X;Y;";PD;"
120 IMARGE 2R, 2 (MDDDDD), 4R

130 NEXT T

140 OUTPUT @Hp70S0;"PU;"

150 RETURN

180 END

CRIGINALPZ &
{6000, 5000}

ORIGINAL
CIRCLE

NEW P2 .
(2000, 2000)*

25900 |
USER UNITS

o
{1000, 10008 25000
USER UNITS

*=PLOTTER UNITS

A third phenomena which can be accomplished using scaling is plotting of
mirror images.

Example of Mirror Images

Mirror images of normal vector plots can be produced by changing the
locations of scaling points P1 and P2 to one of their unusual orientations
after the SC instruction has been executed. The following listing illustrates
how mirror images of vectors are produced. The resultant plot is shown In
four stages to track the seguence of the program listing.
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10 ASSIGH GHp?OSC TO 205

z0 QUTPUT ®Hp7080;"IN;8P1;IPSC00,3600,7500,8100;"
30 QUTSUT ®HpTO90;"SC-15,15,-10,10;"

40 GOSUB 120

50 QUTPUT GHp7090; " IPSCO0, 3600, 2500,6100;"

B0 GOSUB 120

7O ouTRUT @Hp?OSO;”IPBOOG,GQOO,ZSGO,1100;”
EQ GOSUE 12C

80 OUTPUT @HR?090;"IFB0G0,3500,7500,1100;7
1006 GOSUB 120

110 oTOF

120  QUTPUT @Hp?08Q;"PR1,Z,PD,1,4,3

1 ¥ 3 H * ?
130 OUTPUT &Hp70%0;"PR4,8,E,7,5,7,5,4;"
140  OUTPLT @Hp?080;"PR1Z,4,12,5,14,3;°
15¢  OUTPUT @Hp?0SC;YPR1Z,1,12,2,1,2,PU;"

160 RE TURN
g, END
Program Description

Line 20 initializes the plotter, selects pen number 1, and positions P1 and
P2 in their normal arientation.

Line 30 scales the plot into user units
Lines 40 and 120 through 150 produce a normal plot of the arrow.
Line 50 relocates P2 above and to the left of P1L

Lines 80 and 120 through 150 draw a second arrow which is a reversed
mirror image of the normal plot.

Line 70 relocates P2 below and to the left of P1.

Lines 80 and 120 through 150 draw a third arrow which is an upside down
and reversed mirror image of the normal plot.

Line 90 relocates P2 below and to the right of P1.

Lines 100 and 120 through 150 draw a fourth arrow which is an upside
down mirror image of the normal plot.
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The Input Window Instruction, IW

USES: The IW instruction is used to restrict programmed pen motion to
a specific rectangular area. This area is called the window. Use the instruc-
Hon to establich a soft-cHp area, i.e., resirict plotting to a certain area of the
paper. The instruction is especially useful when your data should fall in &
certain range but your scaling is larger (perhaps you have left room for
labels) and you don't want lines outside the normal data area. It is also
useful when hatching (shading rectangular arveas). The window has no
effect on direct or buffered recording traces or front-panel initiated labels.

SYNTAX: IW Kiwerten, Dowerlots ; Kupper right » Yapperdight  berminator

ar
IW  terminator
Parameter | Format Range Defaunlt
Y integer | —82768 1632767 | dependent on current
. paper size
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EXPLANATION: When parameters are used, all four parameters are
required and are interpreted as plotier units. The parameters specify the X-
and Y-coordinates of the lowerlefi and upper-right corners of the windov
area. If the location of either corner is specified outside of the hard-ch
limits, its coordinates are changed automatically to the hard-clip limits and
no error is set. Parameters less than —32768 or greater than 32767 will
cause ervor § and the instruction is ignored.

If X- or Y-coordinates of the lower-left corner are specified to be greater than
the X- or Y-coordinates of the upperxight corner, the coordinates will be
automatically interchanged. For example, TW 6000, 3000, 500G, 4000 will be
converted to IW 5000, 3000,6000, 4600.

An IW mmstroction without parameters (TW ;) sets the window area fo the
default coordinate values for the currently selected size of paper. Refer to
The Reference Coordinate System, Chapter 2, for the default coordinate
values of the window area.

The following example demonstrates the effects of specifying & window on
labels and vectors.

10 ASSIGN @Hp7030 TO 705

20 QUTPUT @Hp?080;"IN;SP1;8I.5,.75;"

a0 DUTPUT @Hp708C;" PR10CO, 5000;"

40 QUTPUT ®HpTOS0;"LBTHIS IS AN EXAMPLE OF IMW&"
50 QUTPUT @Hp7030;" IK4100,2000,7100C,7500;"

50 SUTPUT @Hp7090;"PD1000, 4000FU; "

70 QUTPUT ®Hp7080;“LBTHIS IS AN EXAMPLE OF IWS"
80 END

7100 ,7500

EHIS IS AN|EXAMPLE Of IW

1000, 6000 PEN ETOPS

Haaax

-
‘_p"
el -
- e | FXAMPLE  Oh—Sos
RESTARTS™ T Lere
HERE =
1000, 4000
PEN PROGRAMMED
TO THIS POINT
4100,2000

\WINDOW

ESTABLISHED
BY 1W
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Program Description

Line 20 initializes the plotter, selects pen number 1, and sets the character
gize.

Line 30 moves the pen to the position where the label will begin and line 40
sends the label string.

Tine 50 establishes 2 new window fo limit the plotfing area.

Line 60 moves the pen below the starting point of the first label and line 70
sends the label string again. Note that the vector and the second label
string ave clipped and are only plotied within the new window area.

The OQutput Window Instruction, OW

USES: The OW instruction is used to output the X- and Y-coordinates of
the lower-left and upper-right corners of the window area in which plotting
and [0 labeling can currently cccur.

SYNTAX: OW terminator
PARAMETERS: None

EXPLANATION: When an OW instruction is received, the plotter will
output the coordinates of opposite corpers of the window area in plotter
units as four numbers in ASCII, separated by commas,

K tower lett ; Viowes Ieft » Sappes right » Yupper vight Bl

The range of the coordinates is limited to the hard-clip limits of the currently
seleeted size of paper.
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Chapter
Plot Enhancement

What You’ll Learn in This Chapter

Tr this chapter you will learn how to enhance your plots by using HP-GL
instructions to draw tick marks on axes or create grids, draw a symbol ox
character of your choice at each data point, and draw dashed or dotted
lines. All these enhancements will make your data easier to interpret.

Instructions Covered

LT -T}IE Line Type Instruction
SM The Symbol Mode Instruction

TL The Tick Length Instruction

AT The X-Tick Instruction
YT The YV-Tick Instruction

The Tick Instructions, XTand YT

USES: The XT instruction draws a vertical X-tick af the currenti pen
loeation. The YT instruction draws a horizontal Y-tick at the current pen
location. These instructions can be used to draw tick marks on axes, draw
grid lines by making the tick length 100%, or draw horizontal or vertical
lines either centered on or ending at the current pen position.

SYNTAX: XT terminator
or
YT terminator

PARAMETERS: None

EXPLANATION: These instructions include an automatic pen down
feature, and draw a tick at the current pen position. After the tick is drawn,
the pen assumes the pen state (up or down) that was in effect prior to the
tick instruction. '

The tick length is specified by the tick length instruction, TL. If no tick
length is specified, the length defaults to 0.5% of (P2x — Ply) for YT or 0.5%
of (P2y — Ply) for XT. This percentage applies to both the positive and
negative portion of the tick. Refer to The Tick Length Instruction, TL,
which follows.
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The following example draws a horizontal line 3000 plotter units long,
places X-ticks at the endpoints and at X-locations 1200 and 2200, and raises
and stores the pen.

WIM;EFZ:PRIOO, S00;PD; T PRICOC, 05 XT;
"BR1000, 0 ®T;PRIOCS,0; KT PLSPO,

The Tick Length Instruction, TL

USES: The TL instruction specifies the length of the tick marks drawn
by the plotter. The tick lengths ave specified as a percentage of the horizon-
tal and vertical distances between the scaling points P1 and P2, The instrue-
tion can be used to set the length of both positive and negative portions of
tick marks. The instruction can be used with only one parameter to suppress
the negative portion of a tick mark, or with a first parameter of zero to
suppress the positive portion of the tick. Setting the tick length, tp, to 100
enables the user to draw grids easily, using the XT and YT instructions.

SYNTAX: TL tp(in) terminator
or
Ti, terminator

Parameter Format Range Default
tp, tn real --198 0000 to 127.9989 | tpand tn=
0.5% of P2y — Piy}
for XT and 0.5% of
(P2x— Pixyfor YT

EXPLANATION: Both parameters must be between,—128.0000 and
127.9999. Use of positive parameters is recommended. For most applica-
tions, parameters will be between 0 and 100,

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-gxis, taking P1 as the lower-leff corner.

The down and left tick length, tn, determines the length of the downward
portion of the tick marks drawn along the X-axis and the left-side portion of
the tick marks drawn along the Y-axis, taking P1 as the lower-left corner.

The valnes specified by parameters tp and tn are a percentage of the vertical
scale length (P2y— Ply) when used with the XT instruction, and a percent-
age of the borizontal scale length (P2x — Plx} when used with the YT
instruction. Note the actual tick length is a function of the scaling estab-
lished by Pl and P2, and the length of ticks on the X- and Y-axes will be
different even if the same tick length percentage value is specified for both
XT and YT, unless the area defined by P1 and P2 is square.
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The plotter, when initialized, automatically sets the tick length values to
0.5% of the scaling lengths (P2y — Ply) and (P2x — P1lx). A TL instruction
with no parameters will defanlt to the same values. A TL instruction with
only one parameter specifies the length of tp, and tn will be zerc. A negative
tp parameter will draw a negative tick just as would be drawn by a in with
a positive parameter. Likewise, a negative tn parameter will draw a positive
tick. Use of negative parameters is not recommended both because the
results are more difficult to visualize and programs with negative parame-
ters will not be compatible with other HP plotters. A TL instruction remains
in effect wmtil another TL instruction with valid parameters is executed or
an IN or DF instruction is executed. '

The following example draws both tick marks and grid lines. The grid lines
are a result of specifying 100% tick length. The horizontal tick marks on the
left-most grid line are drawn using the default tp,tn. The tick marks on the
second grid line have a positive tick length of 1% and no negative tiek. The
tick marks on the third grid line have no positive tick and a negative tick
length of 5%, Note that these last tick marks are drawn by the YT instrue-
tion even though the PU instruction is in effect. However, the movesto the
next teck iocation are made with the pen up, and hence, the grid line is not
retraced, A reduced version of the piot follows.

10 ASSIGN ®Hp?080 TO 705

20 AUTPUT ®Hp?080;" IN; IP300,300,10300,7500;"
30 SUTPLT @Hp?080; " PA300, 300;SP1;PD; TL100; XT; "
40 FOR I=1 TO 10

50 OUTPUT @Hp7030;"PR1O0O, O; XT;"

60 NEXT I

70 DUTPUT ®Hp7080;* TL}FUPR300, 300;PD;"

80 GOSUB 159

$0 QUTPUT ®Hp7C80;" TL1,0;PU;PR1300,300;FD;"
100  GOSUB 150

110 DUTPUT @Hp?080;"TLO,5;PU; PA2300,300;"

120 GOSUB 150

130 DUTPUT @He7080;" PAZ00,7500; TLI0O; YT;PU;SPO;"
140  STOP

150  tSUBROUTINE TO DRAW TICKS

160 FOR J=1 TO 8

170 OUTPUT @Hp7080;"PRC,720;YT;"

180 NEXT J

190 RETURN

200  END
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The Symbol Mode Instruction, SM

TUSES: The SM instruction is used with PA and PR inshructions, and
provides the means to draw a single character which is centered at the
end of each vector. Symbol mode plotting can be used to creaie scatter-
grams, geomstric drawings, or multiple-line graphs where lines are easy to
differentiate.

SYNTAX: 5M charvacter terminator

or
SM terminator

Parameter I Format Hange Default
character character all printing characters off
except semicolon

EXPLANATION: An SM instruction without parameters (SM;) turns
off symbol mode. When a parameter is present, it is limited {o a single
character, which must be one of the prinfing characters of the character set
currently selected. ' -

NOTE: Remember that the first character afier the mnemonic wili be
interpreted as the parameter. %

After an SM instroction has been executed, subsequent PA and PR instruc-
tions function as described in Chapter 5, except that the specified symbol
mode character is drawn at the end of each vector and is centered on the
plotted point. (A character drawn at a point using the labe] instruction, LB,
would not be centered on the point.) Drawing of the character is independ-
ent of the current pen state (up or down); the character is always drawn at
each point specified in the PA and PR instruction.

The character is drawn according to the character set selected when the
SM instruction is sxecuted. The character does not change even if 2 new set
is selected. An SM instruction remains in effect until another valid SM
instruction is executed or an IN or DF Instruction is executed. The size (SI
and SR), slant (SL), and direction (DI and DR) instructions aifect the char-
acter drawn.

An 8M instruction can specify any printing character {(decimal values 33
through 126). The semicolon (decimal value 59) is used only to cancel symbol
mode (SM ;} and cannot be selected as the symbol to be drawn at the end-
point of each vector. Specifying a space (decimal value 32) or any control
character also cancels symbol mode.

The following example shows symbol mode plotting with the pen up and
the pen down as might be used in line graphs, geometric drawings, and
scattergrams.
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10 ASSIGN BHp?080 TO 703
20 DUTPUT @Hp7080;"IN;SP1;SMx; FAZOT, 1000;"

30 QUTPUT @Hp7080;"PD400,1230,600,1580,800,1670;"

40 DUTPUT @Hp70Z0;"PR1500,1800,200C,2000;"

50 OUTPUT @Hp70S0;"PU;SM;PAT00, 300;35M3;"

50  QUTPUT @HpTOS0;"PR3OC,S00,50C,450,500,850;"
70 DUTPUT @Hp70S0;"P&R13SG, 1300,2100, 1350PU;"

B0 QUTPUT @HRTOS0;"SM;PA1300,5E0;PD; SMY; PA3300, 1250;"

80 DUTPUT @Mp7080;"SMZ;PR3IS0C, 850; SMX; "
100 DUTPUT @Hp?030)"PA1300,580;PU;SP0;"
110  END

Piot showing symbol mode:

£y
w

33

The Line Type Instruction, LT

USES: The LT instruction specifies the type of line that will be used with
PA and PR insiructions. Use it to draw dashed or dotted lines. This facili-
tates trace differentiation on multiple-line graphs and enables emphasis or
deemphasis of plotted lines or grids. One line type causes only dets to be
plotted at each data point.

SYNTAX: LT pattern number{ pattern length) terminator
or
LT terminator

Parameter Format Range Defauilt
pattern numbser real —198.0000 10 127.0999 | solid line
pattern length real ~198.0000 to 127.9999 | 4% of diagonal

(P2—P1)
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EXPLANATION: Shown below are the line patterns and their pattern
numbers.

0 Specifies dots only at the points that are plotted.

- - * -

One pattern length.
No parameter {Defsult Value!

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

The pattern number parameter is in real format but any decimal fraction is
truncated. This parameter should be between 0 and 6; a parameter in this
range sets the line type as shown in the preceding illustration. A parameter
in the range 7 to 127.9989 is ignored; the line type does not change and no
error is set. A parameter 128 or greater sets error 3 and the line type does
not change. A negative parameter between 0 and —128 defanlts to 2 solid
line type and no error is set. A negative parameter less than —128 sets error
3 and the line type does not change.

When the first parameter is between 0 and 127.9999, the second parameter
is used. This optional pattern length parameter is in real format. Both
integer and fractional parts are used. The parameter specifies the length of
one complete pattern and is expressed as a percentage of the diagonal
digtance between the scaling points PL and P2. When this parameter is
positive and less than 127.9999, the pattern length is set to this length.-
When this parameter is negative or is greater than or equal to 128, the
previous pattern length is used and error 8 is set. If a pattern length parame-
ter ie not aspecified, a length of 4% is used.

NOTE: If a vector ends iIn the pen-up portion of the pattern, a pen down
instruction, PD, will not physically put the pen down until the next vector
instruction ig executed and the pen has moved so it is in a pen-down portion
of a pattern segment. The pen up instruction clears the carry-over portion
of & pattern segment. ®
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Chapter O
Labeling

What You’ll Learn in This Chapter

In this chapter vou will learn about character sets and labels used to create
effective annotated graphics. You will learn how to designate and select
character sets, how to use the label instruction with both constant and
variable parameters, and how to set the size, slant, and direction of labels.
Character spacing, moving the pen any number of character widths and/or
lines, and automatic label positioning are also explained.

Instructions Covered

CA The Designate Alternate Character Set Instruction
CP The Character Plot Instrection

CS The Designate Standard Character Set Instruetion
DI The Absohrte Direction Instruction

DE The Relative Direction Instruction

DT The Define Terminator Fastruetion

LB The Label Instruction

LO The Label Origin Instruction

SA The Select Alternate Character Set Instruction

S  The Absolute Character Size Instruction

SL. The Character Slant Instruction

SR The Relative Character Size Instruction

SS The Select Standard Character Set Instruction

‘Terms You Should Understand

Label Terminator — the final character in every label string; it takes the
plotter out of label mode so that characters are no longer drawn but are
again interpreted as HP-RL or HP-GL instructions and parameters. Iis
defanlt value is the ASCI character ETX (decimal equivalent 3), but it may
be redefined using the DT instruction.

Character Space Field - the space occupied by a single character, together
with the space between it and the next character and the space above the
character which separates it from the previous text line.

Label Start Point - the current pen position. Before executing the LB
instruction, move the pen to the location where labeling is to begin. You

_ can do this by using, for example, a PA, PR, or CP instruction or by using

the front-panel controls.
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The Label Instruction, LB

USES: The LB instruction is used to letter iext, expressions, or string
variables using the currently defined character set. Use it to annotate
graphs or create text-only overhead transparencies.

SYNTAX: LB c...c i

where 1 is the label terminator, either the default ETX
character {(decimal equivalent 3}, or another character

defined by the DT instruction.
Parameter Format Range Default
e...cC character all ASCII characters off

EXPLANATION: All printing characters following the LB munemonic
are drawn using the currently selected character set. The set used is speci-
fied by the CA or 8B instructions and selected by the SA or 8S instruetions,
or the ASCII control characters shift-out or shifi-in (decimal equivalent 14
and 15 regpectively), If not specified, the default character set (set 0) is used.

The direction, size, and slant of the characters assume default valuesif not
previously specified by DI, DR, 81, SR, or SL instructions. The label begins
at the current pen pogition unless its placement has bean get using an LO
nghruction.

The label mode can be terminated only by sending a label terminator at the
end of the character stxing. Refer to The Define Terminator Instruction,
DT, Unless a label siring is terminated, subsequent HP-RL, and HP-GL
instructions will appear as labels in your plot.

Before executing the LB instruction, move the pen to the location where
labeling is to begin using, for example, 2 PA, PR, or CP instruction or by
using the front-panel cantrols, This establishes the lower-lefi corner of the
first character space and the carriage-return point.

Character spacing and line spacing are functions of character size. In the
following diagram, vou can sse the relative position of a character, in this
case M, within the character space. The character-space field is set indi-
rectly by the 81 or SR instructions, since the character space height is twice
the character’s height and the character-space is 134 times the character’s
width. The apace above and beside a drawn character becomes the spacing
between lines and characters. The character space is fllustrated as follows.
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When vou specify the height of a character in an SI or SR instrucHon,
however, you should specify the character height, not the height of a char-

acter space.

Control characters, such as carriage retmon, line feed, or inverse line feed
(VT) can be included in the label character string. These characters are not
labeled, but cause the specified function to be executed. For example, a
carringe return character causes the pen to retwn to a defined carriage
return point prior to labeling subseguent characters in the label character
string. The carriage return point is established as follows:

¢ The endpoint of the last vector drawn becomes the carriage return point.

* The point moved to using a front-panel control becomes the carriage
return point. :

¢ The current pen position when a DI or DR instruction is executed becomes
the carriage return point. Refer to the DI instruction example in this
chapter.

The Define Terminator Instruction, DT

USES: The DT instruction provides the means to specify the character to
be used as the label terminator. Use it to change the label terminator from
its default value if ETX (decimal equivalent 3) cannot be used by your
computer. '

SYNTAX: DT ¢ terminator

where 1 is the label terminator
Parameter . Format Hange Default
t character | ASCI characters ETX (decimal value 3)
with decimal values
1 through 127
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EXPLANATION: Thelabel mode can only be terminated by sending a
label terminator at the end of the label character string. ASCII control
characters (decimal equivalent 1 through 32 and 127) can be defined ar
label terminators and will not print when invoked, although the functiov
normally performed by the character will be performed (i.e., LF will termi-
nate a label but will also cause a line feed). ASCII characters with decimal
equivalent values 83 through 126 can also be defined as the terminator, but
the character will also be printed at the end of the label character string.
The ASCII character “null” (decimal equivalent 0) cannot be defined as the
1abel terminator.

NOTE: A DT instruction with no parameter (DT ) does not establish ETX
as the default terminator, since the character immediately following the
munemonic DT is taken as a parameter. Only a DF or IN instruction or use
of the ETX character itself as the instruction’s parameter can be used to
reestablish ETX as the label terminator. 8

The following examples of text in a label instruction demonstrate the use of
the label terminator.

NOTE: Remember to use the equivalent code for vour computer whenever
you encounter the ASCII code, ETX, in a program. On all HP Series 200
computers, CTRL ¢ will access the ETX character. On many other computers,
you can use CHRYE). B

10 HSSIGN BHp?080 TO0 705

20 OUTPUT @Hp7?080;"IN;5P1;8C0,500C,C,5000;"

3G QUTPUT @Hp?030;"PRO, 450037

40  QUTPUT @Hp7080;"LBDefault control charaster ETX%SHE"
50 OSUTPUT @Hp?030;"{Bterminates by performing snd-S'%"
B0 QUTPUT GHp?030;"LBof-text function.%"

70 QUTPUT @Hp?0S0;"PRC, 38300;DTw#;"

BO QUTPUT @HpTOSC;"LBPrinting characters terminate,fk#"
90 QUTPUT @Hp7080;Y"LBbut are alsc printed.#”

100 QUTPUT @Hp?OBD;"PRO,3400;07%;"

110 DUTPUT @Hp?O080;“LECantrol characters terminateh%
120 QUTPUT OHp?030;"LBand perform their function.%"

130 END : '

Dafaul: control charocter ETX
terminatas by per?crming ard—
of~text function.

Printing characters terminote,
#but are olso printed.#

Control charccters terminate
and perform their Function.
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Labeling with Variables

In some applications, it is desirable to label the plot using variables rather
than literals to define the label string. Many different conventions are used
in different computer languages and 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 nsed for PRINT and
OUTPUT statements.

On HP series 200 computers, quotation marks are used by PRINT and
OUTPUT statements to define the literal characters that ave tc be sent, but
variables are not included within quotation marks. With PRINT statements
the comma is used as a separator between variables to cause the label
string to be rightjustified ir a specific character-field width. The unrused
character positions in this field are sent as leading blank spaces to establish
fixed spacing between 1abel strings. For close spacing of label strings, the
blank spaces can be suppressed by substituting a semicolon as a separator
between variables.

With OUTPUT statements, variables are sent only with a leading sign
space. Variables followed by a semicolon are sent with nothing following
‘thern. Numeric variables followed by a comma are sent with a comma

following them. Siring variables followed by a comma are sent with a
CRLF following them. :

The following example illustrates using PRINT with a comina to establish
fixed spacing when using variables for labeling. When the value of X is 50,
the labels shown are produced by the given HP-GL instructions. The first
string causes the plotter to label the value of X, X+ 1, and X + 2. Blank
spaces between the printed integers include space for the sign, but only a
minus sign is printed. The number of biank characterfield spaces may
vary with different computers.

3] LB“ s X" ><+1 R ><+2 B 1 s‘xil

; <A 52

BLANK CHARACTER FIELD SPACES

-The following example illusirates the closer spacing achieved with PRINT
when semicolons separate variables in labeling commands. The semicolons
between the variables canse suppression of blank spaces. The space be-
tween the printed integers varies with different computers, but normally
includes only the sign space.

WLEBY Ry XA R R

S0 51 52
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Character Sets

Any spaces required to fit into the context of the item being labeled must
normally be sent enclosed in quotes. The following exarnple labels the same
variables as before, but with four extra spaces between each of the integers.
Note that four spaces enclosed in quotes are sent between each variable,
but the semicolon suppresses unwanted blank spaces.

i L“BH ;X;i( ) ; }‘i""? ;ii 3] ; \(_,‘_2; “[l“

! - FOUR EXTRA SPACES

The HP 7080 has the capability of lettering with any of 5 internal character
sets. Most of the character sets have identical upper- and lowercase aipha-
betic characters and identical numerals. The symbols and punctuation
marks vary from set to set, making annotation in several languages pos-
sible. The plotier, when initialized, automatically sets both the standard
and alternate character sets to character set 0 which follows:

CHARACTER SET O
| "ESYR O x+, —. /O0123456788: ; <=>7B
ABCDEFCHI JKLMNOPARSTUVWXYZINT 7 _°
abcde?ghijklmnapqrstuvwxyz{l}”
Some examples of annotation in foreign languages are found below. Notice

that the label string in the HP-GL label instruction uses the CHR$ function
if that ASCII character code is not available on the computer’s keyboard.

"PARS000, 5000;8P1381.37,.50;"
"CS2;LBED & DRUY ;CHRS(123);" BERK!

50 & DRUBER

“PRS0O00, 4000; 8P1; 81,37, ,50;"
N CS4 5 LBsu compsn” jCHRE(124);" ia?R"

isu companida?

" PRE0O0O, 3000} §P1; 81 .37, .50;¢
"C53;LB35-50 A CHRS (124) ;Y RE"

35-50 AR

The HP 7080 will perform an automatic backspace before drawing an ac-
cent above the letter. Therefore, when an accented letter is required, enter
the letter first, followed by the accent.

For a complete listing of all 5 character sets, refer to Appendix C.
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The Designate Standard Character Set Instruction, CS

USES: The CSinstruction is used to designate one of the b character sets
(0—4) as the standard set. Use it to change the standard character set to one
with characters appropriate for vour application. It is especially useful
when labels are in a language other than English.

SYNTAX: CS seinumber terminator
or
CS ferminator

Parameter Format Range Defaunlt

set number integer Oto4d 0

EXPLANATION: The character set number can be 0 to 4. The set desig-
nated by the CS instruction is used for all labeling operations when the

‘standard set is selected by the 88 insiruction or by the control character

shift-in (decimal 15) in a label string. Character set 0 is automatically
designated as the standard character set whenever the plotter is initialized
or set to default values.

A O8 instruction executed while the standard set is selected will immedi-

_ately change the character sei used for labeling. CS instructions executed

while the alternate set is selected will not change the set used for labeling
until the standard set is selected.

A C8 instruction with no parameters (CS ;) defaults to set 0. A CS instrue-

tion with invalid parameters sets error 5 (unknown character set), and the

instruction is ignored.

The Designate Alternate Character Set Instruction, CA

USES: The CAinstruction is used io designate one of the 5 character sets

{0-4) as the aliernate character set. Useit to provide an additional character

set that can be easily accessed from a program, especially when a single
iabel containe characters found in two different sets.

SYNTAY: CA. setnumber terminator
or
CA terminator

Parameter Format Range Default
" set number integer Otod 0

EXPLANATION: The character set number may be from 0 tc 4. The set
designated by the CA instruction is uged for all labeling operations when
the alternate set is selected by the SA instruction or by the control character
shift-out (decimal 14) in 5 label siring. Character set 0 is automatically
designated as the alternate character set whenever the plotter is initialized
or set to default values.
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A CA instruction executed while the alternate set is selected will irnmedi-
ately change the character set used for labeling. CA instructions executed
while the standard set is selected will not change the set used for labeling
until the alternate set is selected.

A CA instruction with no parameters (CA ;) defaults to set 0. A CA instrue-
tion with invalid parameters sets error 5 (unknown character set}, and the
instruction is ignored.

The Select Stan_dard Set Instruction, SS

USES: The 8Sinstruction is used to select the standard set designated by
the C8 instruction as the character set to be used for all labeling. Use it to
shift from the corrently designated alternate character set to the currently
designated standard character set so characters in that set may be aceessed.
Using the control character shift-in (decimal 15) inside a label string is
equivalent to executing this instruction.

SYNTAX: 88 tferminator
PARAMETERS: None

EXPLANATI:ON: Any parameters which follow the instruction set erzor
2, and the standard set is selected.

The standard ASCII character set (set 0) is automatically selected when the
plotter is first turned on, initialized, or set to default values. The standard
set can be selected within a label instruction by sending the ASCII control
character for shift-in (decimal 15).

The Select Alternate Set Instruction, SA

USES: The SA instruction is used to select the aliernate set designated
by the CA instruction as the character set to be used for all labeling. Useit
to shift from the currently designated standard character set to the cur-
rently designated alternate character set to access characters in the second
set. Sending the control character shift-out (decimal 14) inside a label string
is equivalent to execuiing this instruction.

SYNTAX: 54 terminator
PARAMETERS: None

EXPLANATION: Any parameters which follow the instruction set error
2, and the alternate set is selected.

The instruction should be executed before executing a label instruction
whenever the alternate character set is to be used. The alternate set can be
selected within a Iabel instruction by sending the ASCII control character
for shift-out (decimal 14). Shift-in and shift-out are particularly useful when
a Hine of text must be composed with symbols from two character sets.
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The following instructions label using two different character sets where
the underline is drawn with and without a backspace. The shift-out charac-
ter is used to change from the standard to the alternate set.

"PRSG00, 5000; "

"GP2;CS0;CR4; S8 LEBS_E_T C A8 E_T_4_&

S E T 0 SET4

The Absolute Direction Instruction, DI

USES: Tke DI instruction specifies the direction in which characters are
Jettered. Use it to change the direction of labeling to a new absolute direc-
tion; by absolute we mean independent of P1, P2 settings. It is expecially
useful for labeling a Y-axis or labeling a vertical graph.

SYNTAX: DI run,rigse terminator

or

DI terminator

Parameter Format Range Default
rn real —128.0000 to 127.5389 1
rise real ~128.0000 to 127.9985 0

EXPLANATION: Runp and rise arein real format in the range—128.0600

to 127.9999 and specify the direction aceording to the relationship:

where;

A DI instruction with a rise parameter of zero will produce horizontal
labeling. A DI instruction with a run parameter of zero will produce vertical

labeling.

A DI instruction with no parameters (DI ;) will default to the values DI1,0
(horizontal). A DI ingtruction with only ene parameter will set error 2, and
the instruction will be ignored. A DI instruction with more than two parame-
ters will set error 2, and the instruction will be executed using the first two

parameters.

e

# = tant

—-—

rise)

RISE

t

,/
-
-
-~
LHUNJ ‘

At least one parameter must be effectively nonzero; Le., |20.0004.

RISE = 8IN (o)
RUN=COS {8}
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A change in the orientation of P1 and P2 will not affect the direction of
labeling. A DI instruction remains in effect until another DI or DR instruc-
Hon is executed, or the plotter is initialized.

A DI instruction updates the carriagereturn point to the current pen
position.

When the angle, 6, necessary to establish the desired label direction is
known, the instruction DI cosé, sing can be used to establish lzbel direction.

The following example labels the yvears 1978 through 1985, in a circular
pattern starting with vertical labeling. The direction in which each year is
labeled is changed by 45 degrees. Then the labels in the center are drawn to
iNustrate the use of cosine and sine values as parameters. The label _«_2000
contains both a carriage return and a line feed characier before the label
terminator, ETX, so the pen position at the end of that label is one line
below the beginning of that label. The fact that DI instructions update the
carriagereturn point can be clearly seen by observing the pen’s position at
the end of the program. The final character in the last label is a carriage
return and the pen returns to the carriage-return point, the position of the
pen at the last DI instruction.

NOTE: Remember to use the equivalent code for your computer whenever
you encounter the ASCII code, ETX, in a program. On all HP Series 200
computers, ¢TRL ¢ will access the ETX character. On many other com-
puters, you can use CHRE(3). ®

10 ASSIGN @HpTO30 TO 705

20 DEG

30 DUTPUT @Hp?7080;"IN;SF1;PAI0S0,4450;"

40 QUTPUT GHp?080:"DIC,1;LE_%_18785%DI1,1;LE_%_1373%"
5S¢ OUTPUT @Hp7030;"DI4,0;LBE_%_1SBORDIT, -1;LB_%_1381%"
§0 DUTPUT @=p708G;"DIC,-1;LB_%_1982%DI-1,-1;"

70 OUTPUT ®Hp7?080;“LB_x_1383k"

80 QUTPUT GHp7080;"DI-1,0;LB_#_19B4%0I-1,1;"

90 QUTPUT @Mp7030;"LB_x_19E5L"

100 QUTPUT ®Hp?0SC;"PR15Q0,5350;D1;% ;COS(0);SINCO)
110 GUTPUT @Hp7090;" LB _%_2000%4L"

120 OUTPUT @Mp70903%DI";COS(-45);SINC-45)

130 DUTPUT @Hp?CS0;"LB_RETURN POINT R

140 END

FINAL PEN POSITION =

CARRIAGE-RETURN POINT #7  _*_ 2000 @@J
Vi
\ i
b~
o
ot

*
6\)\(/ i,.-.
* o
4% : A%? /PU
(3 < *
@z‘\ 4//; ‘b<
»*
SpasT ¢
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The Relative Direction Instruction, DR

USES: The DR instruction specifies the divection in which characters are
lettered. Use it to change the direction of lettering from its defaunlt divection,
horizontal, to a direction which is relative to P1,P2 settings. It is useful
when creating graphs which will be plotted in several sizes and you want
labels to have the same relationship to the data on all plots.

SYNTAX: DR run,mse terminator
.o
DR terminator

| Parameter Format Range Default
run real —128.0000 to 127.9980 1
rise real —128,0000 to 127.9999 -0

EXPLANATION: Run and rise arein real format in the range —128.0000
t0 127.9999 and specify the label direction according to the relationship:

. | Hise
g = tan™? | —
run
where;
-
/XG
rd
o~ d
RISE
e 1
e
e
»
LHUNO‘ . RISE = SIN {6}
f RUN = COS (8}

If you imagine the current pen position to be the origin, the sign of the pa-
rameters determines in which guadrant the lettering will be. In the example
below, run and rise assume all combinations of +1 with default P1 and P2,

-RUN
+RISE

~RUN +RUN
~RISE Q 0f -RIBE
>

Q&" | +RUN

+RISE
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A change in P1 or P2 will affect the direction of lettering. Refer to the
section Parameter Interaction in Labeling Instructions in this chapter.

A DR instruction remains in effect until another DR or DI instruction is
executed or the plotter is initialized.

A DR instruction with no parameters (DR ;) will default to the values DR1,0
{horizontal).

Specifying both parameters as zero will set error 3, and the instruction will
be ignored. Specifying only one parameter will set error 2, and the instrue-
tion will be ignored. Specifying more than two parameters will set error 2,
and the instruction will be executed.

The following description may help vou visualize the direction of labeling
using the DR instruction with various parameters. Think of directional
lines as heing parallel to a line starting at the lower-left scaling point
(usually P1) and intersecting the opposite side or the top edge of the current
P1/P2 frame.

Form a fraction in lowest terms < 1 using the run and rise parameters. If
run = rise, the fraction will equal 1 and the directional line will go from P1
to P2. If yun > rise, the directional line will intersect the side of the frame
that fraction of the way up toward P2. If rise > run, the divectional line will
intersect the top of the frame that fraction of the way across toward P2.
Remember, since lettering starts at the current pen position, labels will be
parallel fo these lines, not necessarily along them.

The accompanying program illustrates the DR instruction with a given P1
and P2.

10 ASSIGN GHp?0S0 TO 705

20 QUTPUT @Hp7080:"IN;SP1;IP2Z500,1250,%5500,4250;"
30 OUTPUT @Hp7080;"S8CH,3000,0,5000;81.20,.30;"

4G OUTPUT BHp?080;"PRO,0;PRPDO,S000,5000,0;"

50 QUTPUT 6Hp?090;"PRG, -5000, -5000,0;%

B0 OUTPUT @Hp?080;"PAS00C,3G00,PU,0,0;DR1,1;CP8,.25;"
70 QUTPUT @Hp?7080;°LBDR1,!;CPE,.25;%"

80 CUTPUT $Hp?080;"PRO,0,PD, 1887,5000, PU;"

80 OUTPUT @Hp70SC;"DRZ,§;FRO,0;CPE,.25;"

100 OUTPUT @Hp?080;"LBDORZ,E;CFB,.25;5"

110 QUTPUT @Hp7080;"PRY, C,PD,5000,2500, PU;"

120 DUTPUT ®Hp7080;"DRZ, 1;PRO,0;CPE, . 25;"

130 QUTPUT BHp7080; LBDRZ,1;CPB,.25;5"

140 END

P2

1
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Substitute the following instruction siring in line 20. Note that changing
the position of P1 and P2 will cause the pilot and the label’s direction to
change as shown m the following ustration.

1

The Absolute Character Size Instruction, SI

USES: The SIinstruction specifies the actual size of characters and sym-
bols in centimetres. Use it to change the character size from Us default
value or to another value and establish absolute character sizing in centi-
metres so character size is not dependent on the settings of P1 and P2.

SYNTAX: 85I width, height terminator
or
ST terminator

Default
FParameter | Format Range A/Ad | B/A3
width real —128.0000 to 127.9999 | 0187 | 0285
height real | —128.0000t0 127.9999 |° 0.269 | 0375

EXPLANATION: If parameters are included, two parameters are re-
guired, width and beight. The defined width and height are interpreted as
centimetres, must be in real format, and may have any value between
—128.0060 and 127.9939.

An ST instruction with no parameters (81 ;) will default character size to the
vahies shown in the following table.
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Paper Size Width Height
AA4 0.187 em (.260 cm
B/A3 0.285 cm 0.375 em

An S instruction remains in effect until another valid ST or SR instruction
is executed or the plotter is initialized or set to default conditions. An 8
instruction with only one parameter sets error 2, and the instruction is not
executed, An SI instruction with more than two parameters sets error Z,

and the instruction is executed.

The following example draws the instrument’s model number, HP 7090, at
the specified width of 1 cm and height of 1.5 cm.

"EI1,1.5;LBHFP 70308"

/U080

Negative SI parameters will produce mirror images of labels. A negative 51
width parameter will mirror labels in the right-to-left direction.

INSTRUCTION RESULTING LABEL

"SI -, 35, .6 LEHPR Cq%{

A negative height parameter will mirror labels in the top-to-bottom direction.

WETRUCTION RESULTING LABEL

ST ,35,-.6; LEHPE F*k3

Two negative SI parameters will mirror the label in both directions and the
label will appear to be rotated 180 degrees.

INSTRUCTION RESULTING LABEL
HET-,35,-.6;LBHPAY dH

For further information on the effects of negative parameters, refer to the
section Parameter Interaction in Labeling Instructions later in this chapter,

To produce iegible characters, parameters should be greater than 0.1. Pa-
rameter values above 18 allow no more than two characters o be drawn on
the paper.
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The Relative Character Size Instruction, SR

USES: The SR instruction specifies the size of characters and symbols as
a percentage of the distance between scaling points P1 and P2. Use it to
define character size relative to the distance between P1 and P2 so that if
the P1,P2 distance changes, character size will adiust to occupy the same
“relative” amount of space.

SYNTAX: SR width, height terminator

or
SR terminator
Parameter Format Range Defauit l
width real —128.0000 to 127.9999 075
height real -~128.0000 to 127.999% 1.5

EXPLANATION: If parameters are inciuded, two parameters are re-
quired, width and height, The defined width and height are interpreted as a
percentage of the algebraic distance between the X- or Y-coordinates of P1
and P2. The parameters are in real format and may have any value between
~128.0000 and 127.9988.

An SR instruction with no parameters (SR ;) wili default to the values 0.75
for width and 1.5 for height, which, when P1 and P2 are at default values,
produces letters the same size as an 3] instruction without parameters.

An SR instruction remains in effect until another valid SR or S instruction
is executed or the plotter is initialized or set to default conditions. An SR
instruction with only one parameter seis error 2, and the instruciion is
ignored. An SR instruction with more than two parameters sets error 2,
and the instruction is executed.

The following example shows how changes in P1 and P2 affect labels
drawn while an SR instruction is in effect. The upper label is written with
default character size. Then P1 and P2 are changed to define a square area
with 6000-plotter-unit sides. A new label is drawn. Next a new SR instrue-
tion is executed with both width and height parameters set to three percent.
Because the area established by P1 and P2 is sguare, equal parameters
create square letters. With default P1 and P2 settings, equal parameters do

_not create square letters,

10 FRSSIGN @Hp?0S0 TD 708

20 DUTPUT @Hp70%0;"IN;SP1;PAS00,7000;LBREFAULT SIZE%"
30 DUTPUT ®Hp?CI0:" IP100C, 1000,7006,7000;PAS00,ES00; "
40 QUTPUT @RpT7C30:*LEBENEW P1 AND P2 CHANGE LABEL SIZER"
S0 DUTPUT ®HpTFO8D;"SR3,3;"

BO CQUTPUT @HpTOSC;*“PRS00,EQC0D;LBNER SR INSTRUCTI ONGt&"
70 QUTPUT @Hp7080;"LBCHRNGES LARBEL SIZES"

830 END '
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OEFAULT SIZE

NEW P1 AND P2 CHANGE LABEL SIZE

NEW SR OINSTRUCTION
CHANGES LABEL S IZE

Either negative SR parameters or switching the relative positions of P1
and P2 will produce mirror images of labels. Refer to The Absolute Size
Instruction, 81, and Parameter Interaction in Labeling Instructions for
more information on mirroring.

With default P1 and P2, the useful range of width and height parameters
which produces legible characters and a label of suitable length is approxi-
mately 0.6 to B.

The Character Slant Instruction, SL

USES: The SL instruction specifies the slant with which characters are
lettered. Use it to create slanted text, for emphasis, or to reestablish upright
lebeling after an SL instruction with parameters has been in effect.

SYNTAX: SI tanf t{erminator
or
&I, terminator

Parameter Format Range " Defauli
tan @ real —128.0000 to 127.9999 0

EXPLANATION: Theinstruction may be used with or without a parame-
ter. When a parameter is included, it is interpreted as the tangent of the
angle from vertical as shown below. The parameter is in real format and
may have any value betwesn —128.0000 and 127.9956.

An BL: instruction without a parameter (8L, ;) defaults to the same value as
SL0, and labels are not stanted.

An SL inztruction remains in effect until another valid SL instruction is
exscuted or the HP 7090 is inifialized or set to default conditions. An SL
instruction with mere than one parameter sets error 2, and the instruction
is executed. .
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The useful parameter range is 0.05 to &2 when using default-size charac-
ters and up to +38.5 for large letters.

The following example letters HP at 2 slant of +45 degrees and 45 degrees.
"QFSPY1;SI9.3,1.8; FA3000, 8000

TSl LERPA
NEL -1 PR1300, 0; LEHPSE"

VNN

The Label Origin Instruction, LO

USES: The LO instruction is used to position labels relative to the current
pen position. Use it to center labels or justify them to the left or right of the
current pen position. Positioning can be above or below the current pen
position and can also be offset by an amount equal to ¥ the character’s
width and height.

SYNTAX: LO position number terminator
or
LO terminator

] Parameter Format Range Default

} position number integer " 1-9and 11-19 1

EXPLANATION: The position number can be an integer from 1 t0 9, or
11 to 19, and determines the position of the label with respect to the current
pen position. The illustration below graphically summarizes this relation-
ship by showing the instructions LO 1 through LO 8 in the labeled position
which they produce. The dots represent the current pen position in each
case,

L3 LOB .08
t 02 LES 108

L 01 LO4 LO7%

Labeling &17



The positions resulting from the instructions LO 11 through 1O 19 are the
same as shown for the instruction LO 1 through 1O 9, except that the labels
are offset from the current pen position as shown next.

'_013 LO18 LOl9

.L012 LO15  LO1s:
LOt1  LOl4  LO17,

The amount of offset is equal to % of the character’s width and % of the

character’s height as specified by the most recent S or SR instruction. The
offset is shown below.

VERTICAL

| 011

OFFSET =
% CHARACTER
HEIGHT ~@
HORIZONTAL OFFSET =
CURRENT PEN POSITION % CHARACTER WIDTH

An LO instruction remains in effect until another LO instruction is received
or the plotter is initialized or set to default conditions. An 1O instruction
with ne parameters (LO ;) sets the default label origin, LO 1.

The pen position is updated after each character is drawn, and the pen
automatically moves to the next character origin in anticipation of addi-
tional characters. If the pen position is to be returned to its location prior to
the label, a carriage return character must be sent following the label string
and before the label terminator. The following example demonstrates the
use of the carriage return with an LO instruction.

10
20
30
40
S0
50

RSSIGN
QUTPUT
QUTPUT
pUTRUT
oUTPUT
END

®HR7080 TO 703

®HRp70S0; " IN; SP1; PA4000, 2600; PRPO-500,2000; "
GHPTOB0; " LO18LBLEFT DF POINT o&"

®HpTO80; " PR100C, 0;L012; LBRIGHT OF POINTRL!
®HR7030; " PR-500, -2000; PU; 5P0; PR10000, 7500; "

818
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LEFT OF POINT

When carriage return characters are embedded in an LB label string, each
portion of the label preceding, between, and following a carriage rettrn
character is positioned according to the label origin. This is shown in the

following illustration.

10 RSSIGN @Hp?08C TO 705
IC  OUTPUT @Hp70380;"IN;SF1;PRS0O00,2500;"
30 OUTPUT @Hp7CIC;"LO14;PL;PLIST, 28, 35,0

RIGHT OF POINT

40 DUTPUT @HpPO80;" LBEMBEODE DR CARRIAGE RETURNS A"

50 ODUTPUT @Bp7CE0; "LBCHARRCTERSA!
EQ  END

EMBEDDED
CARRIAGE RETURN
CHARACTERS

The Character Plot Instruction, CP

USES: The CP instruction is used to move the pen the specified number
of character-space widths (spaces) and heights (lines}. Use it to move the
pen any number of character gpaces or lines from a peint on the plotting
surface, to align with a left-margin, or to center or rightjustify a label.
Thus, the label can be moved slightly above or below a line, spaces or lines

can be inserted in text, or labels can be centered.

SYNTAX: CP spaces,lines terminator
or
CP terminator

Parameter Format Range Defanlt
spaces real —128.0000 to 127.9999 Carriage
return
lines read ~—128.0000 to 127.9939 point
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EXPLANATION: The space and line parameters are in terms of
character-space width and height. The spaces parameter moves the pen the
specified number of character-space widths to the right (a positive value) or
the left (a negative value). The lines parameter moves the pen the specified
number of character-space 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.

[¥: L )
LerT o4—LABEL DIRECTION, DI, 0 —»RIGHT v

DAWN (>

DOWN <)
Ricet o— O *T=-I0 *NOILI3MIO 138YH-»LerT &

uP ()

A CP instruction without parameters (CP ;) performs a carriage return and
line feed operation, moving one line down and refurning tc the carriage

return point. Refer to The Label Insfruction, LB, in this chapter.

A CP instruction which has a nonzerc lines parameter shifts the carriage
return point up or down by the amount specified. However, a nonzero
spaces parameter does not change the carriagereturn point.

The use of the CP instruction to produce lettering along a line, but not on
top of it and alignment with a left-hand margin is illustrated in the follow-
ing program. The CP instruction in line 40 moves the label five spaces to
the right and slightly above the line. The CP instruction in line 60 moves
the label slighily below the line and the CP instruction in Iine 80 performs a
carriage return, line feed to the margin established by the plot instruction
in line 40. Inserting carriage retiurn and line feed characters divectly into
the label string in Iine 60 causes the same effect as the CP; instruction in
line 80. .

10 ASSIGN @HRp7080 TO 705

20 QUTPUT @Hp?030;"IN;SP1;PA1000,1000,FD;PRIOCC,T;"
30 DUTPUT @Hp7080;"PUPR-3000,0;"

40  DUTPUT @Hp?OSC;"CP5, .35;LBRBOVE THE LINES

50 QUTPUT GHp?7030)"PR2000, 1000;"

B0 DUTPUT @Hp?080;"XT;CPO,-.95;LBBELON THE LINE%S"
70 OUTPUT BHp7C30:"LBAND WITH R HERTS"

B0 OUTPUT @Hp7030;" CP; LEMARGIN&"

50 END

5 CHARACTER

SPACE
WIDTHS

l |[ABOVE THE LINE

BELOW THE LINE
AND WITH A NEAT
MARGIN

1000, 1000 2000 1000
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Parameter Interaction in Labeling Instructions

There are three factors which interact and affect the divection and mirroring
of labels; the label direction as specified by DI or DR instructions or default
direction, the sign of the parameters for the size instructions 51 or SR, and
the relative positions of P1 and P2. These interactions are complex. This
section considers the four possible combinations of DI, DR, 8], and 5K and
llustrates the effects of various parameters and settings of P1 and P2 on
labels.

The labels used in the illustrations are the instructions which cause the
direction, size, and mirroring of the label. All descriptions are in terms of
the reference coordinate system. An arrow is shown for each label; this
arrow is the baseline along which labeling occurs and shows the left-to-
right direction that is the standard direction of a label without mirroring.
During the course of the illustrations, P1 and P2 are assigned to opposite
corners of the plotting area in all possible ways. The values used for X-
coordinates of P1 and P2 are 250 and 10250; the values used for the Y-
coordinates of P1 and P2 are 500 and 7500.

When DI and ST instructions are used together, the DI instruction estab-
lishes the label's direction and the SI instruction establishes its size. The
divection serves as the axis along and about which labels (written with
negative SI parameters) are mirrored. Positions of P1 and P2 do not affect
the labels. Refer to The Absolute Direction Instruction, DI, and The Abso-
Iute Size Instruction, SL

Two examples of mirrored labels are shown below. In: the first example, the
DI parameters 3,2 place the directional line in the first quadrant. The
negative width parameter of the SI instruction mirrors the label in the
right-to-left direction. In the second exampile, the DI parameters 3,2 place
the directional line in the fourth quadrant. The negative height parameter
of the SI instruction mirrors the label top-to-botiom.

ise of DI
and 81

When DR and SI instructions are used together, the label size is determined
by the SI instruction and does not change with changes in the setings of
P1 and P2. However, changes in the settings of P1 and P2 will affect the
label direction. The algebraic differences (P2x — Ply) and (P2y — Ply) are
multiplied by the run and rise parameters of the DR instruction. The result-
ing parameters, when applied to the reference coordinate system, deter-
mine the label baseline. Mirroring about this baseline is determined by the
signs of the SI parameters. '

Use of DR
and SI
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In llustration 2, P1 and P2 are at their default settings so the algebraic
differences (P2x — P1x) and (P2y — Ply) are both positive. The DR parame-
ters 3,—2 are used as is and establish the directional line in the fourth
quadrant. The negative 81 height parameter mirrors the label from top tc
bottom.

P2

In illustrations 4 and 5, P1 is moved to the lowerright corner and P2
becomes the upper-left corner. Now (PZx — Plx) is negative. The DR instruc-
tion as given is DR3,~2;the run parameter of the DR instruction
is multiplied by —1 and the effective DR instruction becomes DR—-8,~2
placing the directional line in the third quadrant. The negative SI height -
parameter mirrors the label from top to bottom. In iitustration 5, both 51
parameters are negative and the label is mirrored in both directions, mak-
ing it appear upright.

¥z

Use of DI
and SR

When the DI instruction is used with SR, only the DI instruction affects the
directional baseline of labels; changes in the relative positions of P1 and P2
do not affect the baseline. Mirroring about this baseline will occur when
either a negative SR width or height parameter with a positive difference
(P2x — P1y) or (P2y — Ply) or a pesitive SR parameter and a negative
difference are present. If respective parameters and differences are both
positive or both pegative, no mirroring will oceur.
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Label direction is horizontal for all llustrations in this section. The first
three illustyations are drawn with P1 and P2 at their power-on settings. In
example 6, the SR ; instruction is the same as SR .75, 1.5. Since the parame
ters are positive, there is no mirroring. In example 7, the negative width
parameter causes mirroring right-to-left. In example 8, the negative height
parameter causes mirroring top-to-bottonx.

/

P2
BIl, 0; SR

®

g.1'.8¥ . -52:0.110

DIT" OF 28 a2 —-1° 2

»

In the next thres illustrations, P1 and P2 have been changed 5o P1 is lower
right and P2 is upper left. Hence (P2y — Ply) is negative and anything with
a positive SR width parameter is mirrored right-to-left, e.g., illustrations 9
and 11. The effect of the negative width parameter in llustration 10 is
cancelled by the negative difference (P2x — Plx).

- (:) f2.0.110
P2

DI1,0; SR~, 75, 1.3

© .
’ Y

G'l-"GL NS 0110

In the next illustrations, P1 and P2 have both been flipped so P1 is upper
right and P2 is lower left. Now any positive parameter causes mirroring
and any negative parameter cancels mirroring. This can be seen in exam-
ples 12, 18, and 14,
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Use of DR
and SK

When the DR and SR instructions are used together, interactions are most
complex. Using only standard settings of P1 and P2, where P1 is the lower-
left corner and P2 is the upperright corner, will make it easier for you to
establish the direction and mirroring of labels you desire. DR parameters
interact with the albegraic differences (P25 — Ply) and (P2y— Ply) to estab-
lish 1abel direction, and SR parameters interact with these differences to
create mirroring: Signs of both parameters and differences are important.
A negative sign in either the parameter or the distance will affect both DR
and SR instructions. Having both parameter and distance either positive
or negative will canse standard direction or no mirroring.

The following examples show the most complex cases, with P1 and P2in
nonstandard locations. Label 15 is drawn with the instructions DR1,1;5R
in effect, P1 in the lowerright corner and P2 in the upper-left corner. The
label baseline is in the second quadrant, not the first, because (P2x—Ply is
negative and the DR run parameter is positive. Likewise, the label iz mir-
rored left-to-right because that distance is negative while the parameter is
positive. In labels 16 and 17, the label direction baseline is in the third
quadrant because both (P2x— Plx) and (P2y— Ply) are negative. Tabel 16is
mirrored in both directions. (Rotate the manual so the arrow points to +45
degrees to see this more clearly) In label 17, the label is not mirrored
because both parameters and distances are negative.

\

P2
"”w
7
<

1
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Chapter Y
Putting the Plotter
Instructions to Work

What You’ll Learn in This Chapter

In this chapter you'll learn how to put instructions together to develop a
plot. The following examples are designed to show you how io integrate
many instructions into a complete program, how data might be handled,
and how subroutines might be used to program a task which would be
common to many plots and used in several programs,

This first program draws a line graph, one of the most common types of
plots. While this line graph shows quality conirol data, line graphs can be
used fo plot almost any kind of data - factory ouiput, data from laboratory
experiments, etc. The concepts of plotiing and labeling demonstrated here
are applicable in almost any application.

The second example shows a generalized approach to drawing and shading
a bar chart.

A variety of allowable separators and terminators have been used in the
program listings. In applications where it is important to minimize the
number of characters sent over the interface, the spaces between instruc-
tions and the semicolon preceding the next mnemonic could and should be
omitted. In applications where compatibility with other HP plotters is im-
portant, a semicolon or line feed should always be used as the terminator
end parameters shouwld be separated by commas.

Problem

Scale, draw, and label an X- and Y-axis in user units and plot test results by
type and lot number. Use a different line type for each failure type and
place a legend on the graph. The complete program is in the Listing section,
following the Solution section.

Solution

For emphasis and readability, the data and title will be drawn with a wide
pen. The first step, then, is to set up the pen carousel with a narrow pen in
pen stall 1 and a wide pen in pen stall 2. The second step is to set the plotter
10 known conditions, cancelling any parameters which may have been set
in the previously run program. The IN or DF instruction may be used; IN
resets Pl and P2; DF does not. IN is used here.

Setup and
Scaling

Putting the Plotter Instructions to Work &1



Next, a pen is selected (SP 1) and the scaling for this plot is established. The
parameters of the IP instruction determine the location of the scaling points,
P1 and P2. In this graph, all data will be plotted within this P1/P2 frame.
The points have been chosen to allow room for labels, titles, and margins
outside the P1/P2 frame. The scaling statement $C1,23,0,150; assigns
user unit values to the sealing points. Although we are plotting test results
for 12 lots, we have scaled the X-axis from 1 to 23. This places the center of
the P1/P2 frame at an integer location so labels can be easily centered
using the LO instruction. The Y-axis is scaled from 0 to 150 since all types
of reiections combined should be less than three percent.

Having established our scaling, we shall draw a frame for the data area.
This is done by moving to the point 1,0 with the pen up, lowering the pen
and drawing to the four corners 23,0;23,150;1,150;and 1,0. The coordi-
nates are interpreted as absolute (instead of relative) moves since absolute
plotting is established by the TN instruction. The first three program lines
with HP-GL instructions are:

20 DUTPUT ©Hp7080;*IN;SP1;IP1250,1000,8250,8000;"
30 QUTPUT @Hp7080;"SC1,23,0,150;"
40 QUTPUT BHp7030;°FUT,0RDIZ,0,23,150,1,150,1,0PU;"

NOTE: If compatibility with HP 9872 plotters is desired, PA should be used
to begin plotting, and raising and lowering the pen should be controlied
with separate PU and PD instructions. In addition, the stricter syntax of
HP 9872 plotters would be required. &

The Axes and  We are now ready to draw and label the axes. The label size is set by the
Their Labels  absolute size instruction S1.2,.3;. This creaies characters which are siightly
larger than the default character size specified by the IN instruction. The
tick length is established by the tick length instruction TL. 1.5, 0. The result-
ing ticks will be 1.5% of the horizontal or veriical distances between the
scaling points. No negative portion of the tick will be drawn; ticks will be

entirely above the X-axis and to the right of the Y-axis.

-Axes are commonly drawn using a loop; this program in BASIC uses
FOR ... NEXT loops. First, we shall draw the X-axis. Let X range from 1 to
23 in steps of 2, representing the 12 lots for which we have data. In the loop
we will do four things: move to the integer location on the axis, draw a tick
mark, position the pen below the axis, and draw the label. Note that the
X-parameter of the plot instruction is a variable. You will need to know how
to send & variable between strings of fixed characters. The method will
differ from computer to computer; consult your computer’'s documentation
and Plotting with Variables in Chapter 5 of this manual. The XT instruc-
tion draws a tick, whether the pen is up or down. The pen is up here so we
do not draw the axis line again. You might want to use PD, drawing over
the frame line if you want your axis line a bit darker, or you might want to
redraw the axis again later with a wide pen.

There are several techniques used here to draw the alphabetic labels. First,
so we can use a looping technigue, we have placed the labels in a data
staternent. (At some point, you might want to access data for other lots. IT
your data were stored together with a date code, you could use a similar
technigue to read the label and data from seme file and properly label vour
graph for the data you were then plotting.) Secondly, we have used the Cl
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and LO instructions together with HP Series 200 BASIC formatting (using
the image specifier “K” to suppress blank characters) to center the label
under the tick. The base of the tick mark is the pen position after the tick is
drawn. By moving one-half line down and specifying centered sirings, both
single and double character labels are centered under the tick with enough
space s0 it can be easily read. Finally, the axis title, LOT NUMBER (10000
10T, is centered and drawn under the axis.

The loop to draw the X-axis and the statements to set character and tick
length and to iabel and title the X-axis are shown next. Note the “K” image
specifier; it is used to suppress the sign space in the variable so the label
values are centered under the X-axis ticks.

S50 QUTPUT @Hp7080;"8I.2,.3;7L1.5,0"
§0 FOR X=1 TD 23 STEP 2

70 OUTPUT @Hp7OSQ; PR X", 05 %T;"

80 READ R

30 OUTPUT @HR?030 USING "K' 3"CPC,-.5;L05;LB" jR;"E"
100 NEXT %

10,11,12

110 DATA 1,2,3,4,5,5
X 21 LBLOT NUMBER&H(10000/LOT 5"

1 7,8
120 GUTPUT @Hp7080;"PATZ

The Y-axis is created in 2 similar manner, except the loop’s index is used
for the label value. The Y-axis title is positioned above the axis.

Following the axis routine are the instructions which draw and lehel the
data legend. It is drawn now while the label size s small and the narrow
pen is selected.

The Fnes which draw the Y-axis, label it, and draw the legend labels follow:

130 FOR ¥=0 TO 15C STEP 25

140 DUTPUT @HmTOBO; PR, Y YT

180 QUTPUT GHpT?OS0;" CP-.5,0;L08;LE" ;Y "s"
180 NEXT ¥

170 DUTPUT @Hp?080;"PR1,1E5;L018;LBOURNTITYR*REJECTEDSY
180 OUTPUT BHp?7080;"LTZ;FRS,185PD8, 1B5PU;LO1Z;"
180 QUTPUT @HR?080;"LBFailed RPMAY

200 OUTPUT ®Hp7080;"LT4;PU15,185PD18, 163PU;"
210 QUTPUT @Hp?080;"LBOverheatedy’

220 OUTPUT $Hp?O080;"LT;PUS,185PDE, 155PL;"

230 DUTPUT ®Hp7080;"LBLow Torquss"

240 QUTPUT GMp7080:"LTE;FUIE, 155PD18, 1855PU;"
250 QOUTPUT @Hp7080;"LBVikrationg"

Because the most im;iortant part of the graph is the data and title, we will
emphasize these by using a wide pen. The program lines to title the graph
using a wide pen follow:

260 DUTPUT @Hp?080;"PL1Z,180;SP2;81.4,.6;L08;"
270 OUTPUT @Hp?030;"LBELECTRIC MOTOR TEST RESULTSY
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Here's what the graph looks like so far.

FLECTRIC MOTOR TEST RESULTS

SUANTITY e e Folled RPM smm e (o g PR 0 L R
?EJ;CTES Low Teroue s 3 § BT § O
128
100
75k
=G}
25
g z ] P T E 7 B T Ti6 i1 iz
LGT NUMBER
{10000/087

Plotting  Each of the four data lines on this graph is drawn using a different tech-
Your Data  nigue. The first two lines are drawn by plot instructions with parameters
included when the program was written. Hence, if the data changes, it will

be necessary to change the plot instructions in the program.

The first line (the bottom-most line on the graph) is drawn with pen 2 using
a dashed line type. The program takes full advantage of the plotier’s rela-
tively free syntax and uses spaces to delineate parameters. Send the charac-
ter strings to the plotter exactly as shown. Be sure to enter those spaces; if
the spaces are removed, the plotter will try to plot one very large number
and you won't plot the line.

The second line is also plotted using plot instructions with fixed parame-
ters. These plot instructions use the stricter syntax of the HP 9872 plotter
and would be accepted by any HP plotier programmed in HP-GL. The line
type consists of long and short dashes. The program lines which plot the
two lower lines are;

280 QUTPUT @Hp?080;"LT2,6;PRT 23PD3 25 5 18 7 22 9 233"
250 DUTPUT @Hp7080;"PB11 27 13 27 15 25 17 24 18 28;"
300 QUTPUT @Hp7080;"PD21 27 23 27PU;"

316 QUTPUT ®Hp?030;"LTE,8;PR1,45;PD;PR3,50,5,52;"

320 OUTPUT @Hp70S0;"PR?,53,9,52;"

330 DUTPUT @Hp7080;"PD11,5%,13,85,15,56,17,56,18,58;"
340 OUTPUT @Hp?7080;9FD21,38,23,60PU;"

The third line is plotted from data read by the program at execution time
using a FOR ... NEXT loop and a READ statement. This technique would
be used to plot & graph that will be replotted often with new data. If the
necessary file statements were added, the data could be on a tape or disc file
instead of in 2 DATA statement as shown here, The line type for this line is
the defauli solid line, reverted to by the LT instruction with no parameters.
Since we are using variables as plot parameters, you need to be sure they
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are sent to the plotter with a space between numeric variables, Computers
often send a leading and or trailing blank or allow for a sign space before
numerie variables. The HP 7090 will treat a biank or comma as a separaior
between numeric parameters. Know your computer before sending variables
with plot instructions. The loop to plot this third line follows:

350 OQUTPUT &Hp?PO03Q;"LT;"

380 FOR x=1 TO 23 STEP 2

370 READ ¥

380 DUTPUT §Hp?PO9Q; PR, XY "FD;"

380 NEXT %

405 DRATAR S%,B0,E3,82,55,54,30,46,47,48,53,58

on

The last line is drawn using a subroutine. The subroutine is designed to
read data that have been stored with a third value for pen control. This
third value controls a branch to two different plot statements, one with the
pen up and the other with the pen down. In this program, a zero as a pen
control parameter results in a pen up move, a 1 causes plotting with the pen
down, and 3 signifies the end of the data.

The program lines to change the line type and the subroutine itself are
listed here, followed by a reduced version of the completed plot.

41C QUTPUT ®HRTOS0;"LT4,85;"

42C GOSUB 450

430 DUTPUT SHpTORC;"RUZE,Z00;8P0;"

440 STOP

450 REM PLOTTING SUBROUTINE

480 RERD X,¥Y,P

470 IF P=1 THEN GUTPUT GHp7OS0;"PD" ;XY

480 IF F=0 THEM QUTPUT @MpTOR0;"PLM ;XY

490 IF P=3 THEN 540 '

500 DETH 1,96,0,3,100,1,5,102,1,7,105,1,8,107,1,11
510 DRTR 110,1,13,125,1,1%5,112,%,17,115,1,149
sz0 DATA 125,1,24,136,1,23,122,1,0,0,3

530 GOTO 480

840 RETURN

ELECTRIC MOTOR TEST RESULTS

GUANTETY — = e Foiled RPM — e Ovegrhooted
REJECTED Low Tosaus —_—————- ¥ibrarion
180 -
—— .
125 “\\ o T
J—

100 s

LOT NUMBER
(10000/L0T:
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Listing

A complete Listing of the program follows. This listing contains all the
BASIC statements necessary to have this program run on HP Series 200
computers with an HP-IB interface and the plotter set to address 5. In some
statements, semicolons or commas are used to ensure that HP-GL instruc-
tions will have the necessary separators or no extra spaces. Y ou may need
to make changes for your computer's BASIC, or you can use some other
programming language and send the strings of HP-GL instructions using
your language’s output staterents and looping techniques.

10 RSSIGN @Hp7OR0 TO 705

20 QUTPUT @Hp?0S0;"IN;SP1;IP1250,1000,5250,8000;"
30 QUTPUT @Hp7090;75C1,23,0,130;"

40 OUTPUT ®Hp?080;%PU1,0PD23,0,23,150,1,150,1,0PL3"
S50 QUTPUT @Hp?080;"SI.2,.3;7u1.5,0°

50 FOR ¥=1 TO 23 STEP 2

70 DUTPUT @Hp?080C;" PR ;X%;", O3KT;”

g0 RERD A

30 QUTPUT GHp7OS0 USING “K*;"CPO,-.5;L05;LE" ;RS
100 NEXT X :

110 DATR 1,2,3,4,5,6,7,8,9,10,11,1Z

120 DUTPUT @Hp?080;"PA12,-12;LBLOT NUMBERSH(100CO/LET N
13C FOR Y»0 TO 150 STEP 25

140 QUTRUT @HR7OS0; PRI, ;Y YTy"

150 QUTPUT @Rp7030C;% CP-.5,0;L08;LEB" ;Y&

160 NEXT ¥ ‘

170 DUTPUT ®Hp?08C;" PAT, 165;L018; LBOUANTITYRYREJECTEDL"
180 OUTPUT ®Hp?080:"LT2;FAS, 16508, 165PU;LO1Z;"

190 DUTPUT $Hp7030;"LBFailed RPMA"

200 OUTPUT @Hp?0803"LT4;PU1S, 163FD18,165PL;"

210 OUTPUT @Hp?030;" L BOverheateds”

220 QUTPUT @HR?080;"LT;PUS, 155PD8, 155PU;”

230 DUTPUT @Hp?020;“LBLow Torqued!

240 DUTPUT @Hp?080:"LTE;PL1S, 155PD18, 155PU;"

25C DUTPUT @Hp7080;"LBYibrationi”

280 GUTPUT @Hp7080;"PU12,180;SP2;51.4,.8;L05;"

270 GUTPUT @Hp?080;"LBELECTRIC MOTOR TEST RESULTSH
28C OUTPUT @Hp?080;“LT2,6;PA1 23PD3 25 5 18 7 22 8 233"
280 QUTPUT ®Hp?080;"PD11 27 13 27 15 25 17 24 18 28;"
300 OUTPUT @Hp?08C:"PD21 27 23 Z7PU;"

310 DUTPUT ®HR7080;"LTE,B;PRA1,45;PD;PA3,50,5,52;"

320 DUTPUT §Hp7030;"PA7,53,8,52;"

330 OUTPUT ®Hp7080;“PD11,5%,13,55,15,56,17,56,19,58;"
340 QUTPUT @Hp7080;%PD21,58,23,80PU;"

350 QUTPUT @Hp7OS0;"LT;"

380 FOR X=1 TG 23 STEP 2

370 READ Y

380 CUTPUT @Hp?70S0;" PR ;X;Y; "PD;"

380 NEXT X

400 DATA 55,60,83,52,58,54,50,46,47,43,53,58

410 DUTPUT GHp7080;"LT4,6;"

420 GOSUB 450

430 OUTPUT @HpT080;"PUZS,200;5P0;"

440 BTOP

450 REM PLOTTING SUBROUTINE

460 RERD X,v,P

470 IF P=1 THEN OUTPUT @Hp7080;"PD";X;Y

480 IFf P=0 THEN OUTPUT @Hp7ORO;"PU";X;Y

480 IF Pw=3 THEN 540 '

SO0 DATA 1,96,0,3,100,1,5,102,1,7,105,1,9,107,1, 11
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510 DATA 110,1,13,125,1,15,112,1,17,115,1,18
s20 DATE 125,1,21,130,1,2%,122,1,0,0,3

530 GOTO 460

540 RETURN

550 END

Filling and Hatching

Two kinds of area fill are commonly used in graphics plots; solid filt and
hatching. Solid fill totally covers the area with eolor, whereas hatching fills
the area with evenly spaced parallel lines. If there are lines in two directions
at 90 degree angles, we call the hatching “myrpgshatehing.” Somefimes &
gyaph wili have both narrow and wide hatching or crosshaiching; the wide
hatching having more space hetween the lines than the narrow.

The following program illustrates solid fill of & bar which represents the lot
3 data for line 1in the example just given, L.e., Y= 18 (see program line 280).
o create an aesthetically pleasing and easily comprehensible bar graph,
the bar is centered over the X-data point and is one-half as wide as the
disiance between data points on the X-axis. The increment variable P deter-
mines the spacing between fill lines; a value of P = 10 plotter units is
suitable for a wide pen and b for a narrow pen.

The basic program should be used when plotiing on paper. Wotice the pen
does not Lift during the fill routine; this speeds up filling and prolongs
pen-tip life by limiting up/down moves.

The basic program performs the following tasks:
1. Draws around the P1/P2 frame and labels the X-axis.
o (btains, in plotter units, the coordinates of thfe bar's cormers.

3. Turns scaling off so plotting is in plotter units. This algorithm can,
therefore, be used in any program, and there isno need to recornpute the
increment P for different scaling in different graphs.

4. Beginning at the X,Ymin value, draws a Hne to the top of the bar, moves
over slightly less than one pen width, and draws to the bottom of the bar.

5. Tpcrements the X-value one pen width and repeats step 4 until the bar is
filled.

The lines shown below the program listing should be substituted in the
program when plotting on fransparency film. In this case, pen veloeity is
set to 10 em/s and all fill lines are drawn in the same direction: to achieve
uniform ink distribution.

Filling a Bar
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Plotiing on Paper

10 RSSIGN ®Hp?03C TO 705
26 QUTEUT @Hp?080; ¢ IN;EP1;IP125C, 1000,8250,8000;5"
30 QUTBUT @Hp?OS0;"8Ct,45,0,150;"

40 OUTPUT ®Hp7080; 9 PUT, OFD4S,0,45,15C, 1,150, 1,0PU;Y
SO DUTPUT @HEp?GSC;YSI.Z, . %;7ut 8,0

E0 FOR %=1 TO 4% STEP 4

7¢ DUTPUT @Hp70SG; PR ;¥ ", 03"

20 RERD F

30 QUTPUT ®Hp7080C USING 7K' ;“CPO,-.5;LO5;LE" R &Y

106 NEXT %

110 BATA 1,2,3,4,5,6,7,8,8,10,11,12

{70 DUTPUT @Hp7030;"PAZ3,-12;LEBLOT NUMBERRHS"
130 DUTPUT @Hp7090;"LBL100CO-LOT &

140 DUTRUT ®Hp708C;"PAS,G,FL,E,18,10,15,10,0,8,0;PU;"
15¢ QUTPUT $Hp?080;"0R;"

180 ENTER @Hp7080;R,E

170 CUTPUT @HR7030;"PAS,18;0R;"

180 ENTER &Mp7080;C,D .

180 QUTPUT @Hp70B0;" PA1G,18;:0R;"

200 ENTER @Hp7O80;E,F

210 DUTPUT ®Hp7090;"PRE,G;8C;"

220 P=5
230 FOR X=A TO E-F STEP 2#P
240 DUTPUT GHp7030;"PDY ;X3 B X; D

250 QUTPUT @Hp7080;"PD" | X+P; D} X+P; B
280 NEXT X

270 QUTPUT @HR70S0;"PU;SPO;Y

280 END

Plotting or. Transparency Film

30 OQUTPUT @Hp7O0S0;"YS10;8C1,45,0,150;"
230 FOR X=H T0 £ STEF P
240 OUTPUT GHp?0S0;"PU";X;B;"PD;%;D

250 NEXT X

250 BUTPUT @Hp?080;" RU; SPO;"

270 END

Plot Showing Filled Bor

1 e 4 S B 7
LOT NUMBER
(1000C/L0T
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The following program illustrates hatching a bar. In this program, the
increment variable P is the distance between hatching lines and determines
whether a wide or narrow hatch pattern is drawn. You may want to make
surther refinements depending on pen width and the bax’s dimensions. The
locations of the variables are shown and should help vou understand the
program listing.

The program performs the following tasks:
1. Draws around the P1/P2 frame and labels the X-axis.

9. Obtains, in plotter units, the coordinates of the bar’s corners.

3. Turns scaling off so plotting is in plotter units. This algorithm can,
therefore, be used in any program, and thereisno need to recompute the
increment P for different scaling in different graphs.

4. Using the output obtained in step 2, sets the window to be the bar we
wish to hatch.

5, Beginning the width of the bar below the Ymin value, plots aline at a
45-degree angle to the opposite side of the bar, increments the Y-value
and continues the process until the top of the bar is reached.

10
20
30
40
50
50
70
80
a0
100
110
120
130
140
150
180
170
180
180
200
Z10
220
230
240
250
260
270
280

RESTEN SHpTCO80 TC 703
QUTRUT @Hp?OBO;”IN;5P1;EP1250,1DOO,8250,5G00;“
QUTPUT ®Hp?030;"SC1,45,0,150;"
pUTPUT @Hp?OQO;"PUt,OPDéS,O,QS,156,1,150,1,0PU;"
DUTPUT @Hp?OS8C;"SI.2,.3;TL1.5,0"
FOR X=1 TD 4% STEF 4
OUTPUT GHp?OBO;*PR";%;",0;"
REFAD A ‘
QUTPUT @HR7TOS0 USING B CPG, - 53 L0 LB J R A"
NEXT X :
DATR 1,2,3,4,5,8,7,8,8,10,11,12
QUTPUT @Hp7080;%PR23, -12;L.BLOT NUMBERWE!
QUTPUT ®Hp7080;"LEBO10000-/LOT IR
CUTPUT @Hp?oeo;”PH4,0,PD,4,50,6,50,8,0,4,0;PU;“
OUTPUT @Hp?080;" CH;Y
ENTER &HMp?0SQ:R,EB
OUTPUT $MpTOSC;"PR4,50;0R;"
ENTER @HpT7030;L,D
JUTPLT @rp?080;"PRE,S0;0R;"
ENTER @Hp?C30;E,F
OUTPUT @Hp7O80; " PR4,0;8C;"
P=100
QUTPUT @HRp7030;  IW" ;A BE;F
FOR Y=B-(E-RA) TG D GTEP P :
DUTRUT @Hp?OSO;“PU“;E;Y;“PD”;E;Y+(E~R}
NEXT ¥
SUTPUT @HRp?030;" FU; PO
END

Hatching a Bar
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i -:rg;éia?ﬂ 4 > B 7
A,B—i‘E-—A) y E-,B-(E~A} LOT NUMBER
OF BAR €10000/L0T) -
(Al .

To crosshatch a bar, change the program as shown below. The increment
variable P is set to 300 plotter units to reduce hatehing line density.

140
170
18¢
210
220
251

DUTPUT
OUTPUT
QUTRPUTY
QUTRPLIT
P=300C

®HR?0I0;“PR1Z,0,PD,12,53,14,53,14,0,12,0;"
®HP?OS0;*PUPR1Z, 53 0A;"
®Hp7030; " PA14, 53 CR;"

@HR?030; " PATZ, 63 8C; 1

QUTRUT @Hp7O090 " PU";E;Y"PD" ;A Y+(E-R2

3 4 5 6 7

L.OT NUMBER
C1C000/L0T
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chapter 10
General Device Querying

What You’ll Learn in This Chapter

Up to this time we have mainly been concerned with the HP-RIL and HP-
(L instructions which relate to either the recording or plotfing functions.
Sometimes, however, information of a general nature is required. In this
chapter you will learn how to obtain information concerning the current
versus the commanded pen position and the most recently received instruc-
tion sequence. You will also learn about factors (addressable resolution},
model number verification, and the instrument’s ability to define its
capabilities.

Instructions Covered

OA The Output Actual Position and Pen Status Instruction

OC The Output Commanded Position and Pen Status Instruction
OF The Output Factors Instruction :

01  The Output Identification Instruction

00 The Output Options Instraction

07 The Output Command String Instruction

The Output Actual Position and Pen Status Instruction, OA

USES: The OA instruction is used to output the X- and Y-coordinates and
pen status (up or down) associated with the actual pen position. Use it to
determine the pen’s current position in plotter units. You might vse that

. information to position & label or figure, or determine the parameters of

some desired window.
SYNTAX: U4 terminator
PARAMETERS: Nope

EXPLANATION: When an QA instruction is received, the pen position
and status are output as three numbers in ASCII, separated by commas.

X,Y,Pp CRLF

where X is the X-coordinate in plotter units,
Y 15 the Y-coordinate in plotier units,
P is the pen status (0= pen up, 1= pen down).

The ranges of the X- and Y-coordinates are the hard-clip limits of the cur-
rently selected size of paper.
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The Output Commanded Position and Pen Status

Instruction, OC

USES: The OC instruction is used to output the X- and Y-coordinates and
pen status (up or down) associated with the last valid pen position instrue-
tion. Use it to determine the per’s last valid commanded position, in plotter
units or user units depending on whether scaling is off or on. This instruc-
tion is especially useful when the pen is physically at the plotting limits
and the pen position does not coincide with the commanded position, or
when ontput in user units is desired,

SYNTAX: OO terminator
PARAMETERS: None

EXPLANATION: When an OC instruction is received, the commanded
pen position and status are output as three numbers in ASCII, separated
by commas.

X,Y,P CRLF

where X is the X-coordinaie in plotter units or user units,
Y is the Y-coordinate in plotier units or user units,
P is the pen status (0= pen up, L= pen down).

‘When scaling is off, X- and Y-coordinates are in plotter units. When scaling
is on, X- and Y-coordinates are in user unite, Ranges of the X- and V-
coordinates are —32 768 to 32 767 whether scaling is on or off.

The Output Factors Instruction, OF

TUSES: The OF instruction is used to output the number of plotter units
per millimetre in each axis. Use it when software must find the size of 2
plotter unit. '

SYNTAX: OF terminator
PARAMETERS: None

EXPLANATION: When an OF instruction is received, the following
numbers are always output in ASCIL

40,40 CRLF

These factors indicate there are approximately 40 (actually 40.2) plotter
units per millimetre in the X-axis and in the Y-axis. Remember, a plotter
unit equais 0.025 mm.

The Output Identification Instruction, OI

USES: The OI instruction is used to output the instrument’s model
number, .

SYNTAX: Ol terminator
PARAMETERS: None

EXPLANATION: When an Ol instruetion is received, the following
character string Is always output in ASCIL,

70904 CRLF
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The Output Options Instruction, OO

USES: The OO tnstruetion is used to output the instrument’s capabilities.

SYNTAX: OO terminator

PARAMETERS: None

EXPLANATION: When an OO instruction is received, the HP 7080 will

always output the following eight integers in ASCIL, separated by commas.
0,1,0,0,0,0,0,0 CRLF

INDICATES PEN SELECT CAPABILITY I8 INCLUDED.

The ‘Output Command String Instruction,

USES: The OZ instruction outputs the character string received immedi-
ately prior to execution of OZ, Use it as a program debugging’ aid.

SYNTAX: OF terminator
PARAMETERS: None

EXPLANATION: When an OZ instruction is executed, OZ and the four-
teen characters received immediately before OZ are output when the HP
7090 is instructed to talk. Carriage return and Iine feed characters are
ignored when the string is stored. Therefore, if the string PA0,0%%PD;
PU% 4 8P4:0F7 was received, the HP 7050 would return PAQ,0PD;
PUSP4;0Z.

O0Z

General Device Querying  10-3






S

Chapter 11

HP-IB Functions

What You’ll Learn in This Chapter

In this chapter you will learn which HP-IB functions are impiemented
in the HP 7090 and how to use the remote/local and serial/parallel poll-
ing functions. The HP 7090’s reaction to HP-IB bus commands are also
explained.

This chapter assumes you have a working knowledge of the HP-IB; how-
ever, if vou wish to refresh your memory on HP-IB structure, refer to
Appendix A '

Instructions Covered
Ri, The Remaote/Local Instruction

HP-IB Function Implementation

The HP-IB conforms to ANSI/IEEE 488-1978 specifications, and direct
interconnection of the HP-IB is via a connector on. the rear panel. The
HP-IB functions implemented in the HP 7090 are as follows:

AH1 Complete acceptor handshake capability

CO  No controller capability

DC1 Complete device clear capability

DT1 Complete device trigger capability

L3  Basic listener, listen only mode, unaddress if MTA
LE0 No extended listener capability

PP0  No parallel poll capability when in listen only mode
PP1 Parallel poll with remote configuration if address > 8
PP2 Parallel poll with local configuration if address <7
RLO No remote/local capability {power-up defauli)

RII Complete remote/local capability when enabled by RL1 instruction

NOTE: RL1 cannot be invoked in listen only mode.

SH1 Complete source handshake capability

SR: Complete service request capability

T&  Basic talker, serial poll, no talk onty mode, unaddress if MLA
TEQ No extended talker capability

HP.IB Functions
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Device Reaction to HP-IB Bus Commands

The computer can set all devices on the HP-IB to a predefined or initialized
state by sending the device clear command, DCL. The computer can also
get selected devices o a predefined or initialized state by sending a selected
device clear command, SDC, along with the addresses of the devices. The
basic difference is that devices will obey SDC only if thev are addressed to
listen, whereas DCL clears all devices on the bus. The interface ciear com-
mand, IFC, is used by the computer to override all bus operations and
return the bus to a known guiescent state. The HP 7090's reaction to bus

commands is as follows:

e Upon receipt of either a DCL or SDC command, the HP 7090 resets the
1/0 to begin accepting a new insitruction, and disables any current out-
put. Any partially parsed HP-RL or HP-GL instruction will be lost. The
IFC command resets both talker and listener functions to their respective
idle states (TTDS and LIDS) per IREE-488 specifications.

The commands DCL, SDC, and IFC do not reset parameters to their
- defaunlt values. They are not the same as the HP-GL instructions DF or IN.

e The group execute trigger, GET, is recognized only when the HP 7090 is
in either its data acquisition or recorder mode and external frigger mode

is selected. Otherwise, the GET command is ignored.

® The end message is sent, via the EQI line, when the last byte of data

from the HP 7090 is output to the computer.

The Remote/Local Instruction, RL

USES: The BL instruction provides the means to disable the HP 7090's
front-panel controls. Use it to prevent inadvertent interruption of I/O meas-
urernents by someone touching the front-panel controls.

SYNTAX: RL state terminator
ar
RL terminator

Parameter Format

Range

Defauilt

state integer 0 = local state
i = remote state

EXPLANATION: When the HP 7090 receives an RL1 instruction it

enters the remote state. In this state, the front-panel is inactivated and the
word REMOTE is displayed on the LCD. Pressing the srwiFt/LOCAL butions
will return the HP 7090 to the normal (local) state of operation. The REMOTE
message is cleared and the front panel is reaciivated. However, the next
time the computer sends an MLA (my listen address) message, the HP 7090

is put back into the remote state.

NOTE: The MLA message is sent each time the computer begins a PRINT

or OUTPUT statement. B
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With RL1 invoked, the HP Series 200 HP-IB commands “LOCAL 7”7 and
“LOCAL LOCKOUT 7” can be used. Executing LOCAL LOCKOUT 7 will
inactivate the entire front panel, including the sHIFTALOCAL buttons. Execut-
ing LOCAL 7 will reactivate the front panel, but prevent the HP 7090 from
responding to HP-RL or HP-GL instructions. Executing REMOTE 7 wili
counteract the effects of LOCAL 7.

An Rl instruction with no parameter (RL ), or a parameter of zero {RL.C ),
returns the HP 7090 to the local state (default). The HP 7090 remaing in the
local state until RL1 is again executed. In the local state the HP 7080 will
respond to either front-panel or 1/0 instructions. LOCAL 7 and LOCAL
LOCKOUT 7 do not affect the local state. However, they will be in effect for
any subsequent RL1 instruction.

An out-of-range parameter sets error 3, and the instruction is ignored.

Serial and Parallel Polling

Polling is the process used by the computer to determine which device on
the HP-IB bus has initiated a require service message. The conditions which
will cause the require service message to be sent to the computer are defined
by the input mask instruction, IM, in Chapter 12.

A serial poll enables the computer to learn the status or condition of devices
on the bus. It is commonly used by the computer to determine who is
requesting service.

The serial poll is so named because the computer polls devices one at a time
rather than all at onee as in the parallel poll. The HP 7090 will respond to a
serial poll by sending the status bvte selected by the X8 instruction (see
Chapter 12). The 8-mask parameter of the IM instruction is used to specify
which status byte conditions will send the service request message. Unless
the user changes the Sanask value from the default setting of 0, the HP 7090
will never send a service request. When any of the conditions designated by
the S-mask are true, the service reguest message is sent concurrently with
setting bit position 6 of the status byte. Executing a serial poll resets bit 6 to
0 and arms the HP 7090 so it can generate another service request. It
should be noted that the latched bits of the status byte are not reset by a
serial poll. Therefore, an OS or QS instruction sheuld be inciuded in the

serial poll service routine to reset the latched bits. This will prevent generat-

ing a service reguest on old status conditions.

A computer must issue special commands to initiate and terminate a serial
poll. During 2 serial poll, a device must be instructed to talk and the com-
puter to lister. Therefore, a serial poll cannot be executed when the HP 7080
is in listen only mode.

The Serial Poll

The parallel poll is the fastest method of determining which device has
requested service, since all devices (with this capability) can be polled in
one operation. The devices respond with only one bit of status, but if the
response is affirinative, a serial poll can be conducted to obtain the device's
specific status,

The Paraliel Poll
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The P-mask parameter of the input mask instruction, IM, is used to specify
the staus byte conditions that will cause the HP 7090 to respond affirma-
tively to a parallel poll. The response to a paraliel poll is Hmited to setting
the appropriate data line to a logical 1. If the HP 7000's address is 0 through
7 the data line used is determoined by the address as shown in the following
table. With address settings > 7, a response will not be sent unless the
HP 7090 has been remotely configured to do so by the computer. In this
case, the response is sent on the data line specified by the computer.

Ploiter | Paraliel Poll HP-IB Data
Address | Bit Position | Line Number

Plotter Preset Address

P I TR - B L e e R

fuc LI B VLI R e S
b W TP

It is important to remember that the HP 7090 will not send a logical 1
unless the P-mask bit value has been changed from the default value of O
and some condition included in the new P-mask value is true, The HF 7090
does not respond to a paraliel poll in listen only mode.

Positive responses to parallel polis will continue to oceur wntil all bits of the
status byte included in the P-mask value have been reset to 0.

To execute a parallel poll, the computer sets the ATN and EOI lines fo 1.
The computer reads the eight data lines, and determines from these lines
which instrument on the bus is requesting serviee. The compuier then
sends the parallel poll disable command. Not all computers have parallel
poll capability,
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Chapter
HError and Status
Reporting

What You’ll Learn in This Chapter

In this chapter you will learn how to select the recorder or plotter status
byte for use as the HP-IB status byte and how to mask the conditions that
will generate an error message, a service request message, or a paraliel poll
response. You will also learn how to locate syntax errors that may have
caused the error message. Finally, a complete program example is given
to illustrate how to use the HP 7090's status reporting capabilities in
combination. o

Instructions Covered

M  The Input Mask Instruction

OE The Cutput Error Instruction

08 The Output Plotter Status Instruction

OY The Locate Syntax Error Instruction

@QC The Query Channel Status Instruction

@S The Query Recorder Status Instructon

XS The Set Plotter or Recorder Status Instruction
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The Set Plotter or Recorder Status Instruction, XS

USES: The XS instruction selects either the plotter status byte (OS) or
the recorder status byte (QS) for use as the HP-IB status byte. Use it %«
permit generating service requests or positive parallel poll responses on
either plotter or recorder conditions.

SYNTAX: XS statustype terminator
or
X5 terminator

'_ Parameter Format ‘ Range Default

| status type | integer i . 0 = plotter status byte 0
'E 1 = yecorder status byte

EXPLANATION: Upon power-up or after an IN instruction, the plotter
status byte is the HP-IB status byte that is output during an HP-IB serial
poll. An XS instruction with no parareter (X83), or a paramster of zero
(X80;), also selects the plotter status byte for use as the HP-IB status byte.

An XS instruction with a parameter of one (X81;) selects the recorder
status byte for use as the HP-IB status byte.

An out-ofrange parameter sets error 3, and the instruction is ignored.

The Output Plotter Status Instruction, OS

USES: The OS instruction is used to output the decimal equivalent of th
plotier status byte in ASCIL Use it to obtain the current status of varicus
plotter functions.

SYNTAX: OF terminator
PABAMETERS: None

EXPLANATION: When an OS instruction is received, the internal eight-
bit plotter status byte is converted to a number between 0 and 255. This
decimal value is output in ASCII in the form:

plotter status CRLF

NOTE: The number should be read into a nﬁmeric variable to allow bit
checking using the HP Series 200 BIT funciion. @

The meaning of each plotter status bit is defined in the following table. The
bits which remain set until cleared are identified by the term “latched,” The
latched bits can be cleared only by the indicated methods. The other hits
are constantly updated to reflect current conditions.
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Bit | Bit
Value | Position Meaning

1| 0 Pen is down.

2 1 P1 or P2 changed (latched): cleared by
reading OP output or by executing IN
instruction, but not by a serial poll.

4 2 Not used.

3 3 Initialized (latehed): cleared by reading
OS output, but not by a serial poll.

15 4 Ready for data; pinch wheels are down
and serve is operational.

32 5 Error (latched): cleared by reading OE
output or by executing IN instruciion, but
not be a serial poll. :

64 B Require service (SRQ) message set
(latched); atways 0 for OS, but O or 1 for
HP-IB status byte: cleared by a serial poll.

128 -7 Next byte available for output: cleared
when output or by executing IN instruc-
tion {always 0 for QS; 0 or 1 for HP-IB
status byte).

Upon power up with the pinch wheels down, the status is decimal 24, the

‘sum of 8 (initialized) and 16 (ready for data).

When default conditions are in effect, this plotter status byte is the HP-1B
status byte that is output during an HP-IB serial poll. The HP-IB gtatus
byte is masked by the current S- and P-mask parameters of the IM instruc-
iion to define which of the above status conditions will generate a service
request and/or a positive response to a parallel poll.

The XS instruction can substitute the QS recorder status byte In place of
the plotter status byte for use as the HP-IB status byte.

The Query Recorder Status Instruction, Qs

USES: The QS instruction is used to output the decimal equivalent of the
recorder status byte in ASCIL Use it to obtain the current status of varicus
recorder functions. :

SYNTAX: @S terminator
PARAMETERS: None

EXPLANATION: When a QS instruction is received, the internal eighi-
bit vecorder status byte is converted to a number between 0 and 255, This
decimal value is output in ASCII in the form: :

recorder staius CELF

NOTE: The number should be read into a numeric variable to allow bit
checking using the HP Series 200 BIT function. &
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The meaning of each recorder status bit is defined in the following table.
The bits which remain set until cleared are identified by the term “latched.”
The latched bits ean be cleared only by the indicated methods. The other
bits are constantly updated to reflect current conditions. Note that a Q5
instruction can be executed without terminating an in-process direct or

buffered measurement.
Bit Bit
Value Position Meaning
1 0 Trigger has been found (latched): cleared

by reading QS output or by executing IN
instruction, but not by a serial poll.

2 1 Channel overlead has occurred (latched):
cleared by reading QS output or by
executing IN instruction, but not by a

serial poil.

4 2 Next sample 1s ready: cleared by output of
last sample byte or by IN instruction.

2 3 Sample overrun has ocourred (latched:

cleared by reading QS output or by
executing IN instruction, but not by a
gerial poll.

16 4 Ready for data; pinch wheels are down
and servo is operational. '

32 5 Error (atched): cleared by reading OE
output or by executing IN instruction, but
neot be a serial poll.

64 6 Require service (SRQ) message set
(latched); always 0 for @B, but 0 or 1 for
HPIB status byte: cleared by a serial poll.

128 7 Next byte available for output: cleared
when output or by executing IN instruc-
tion (always { for Q8; 0 or 1 for HP-IB
status byte).

Upon power up with the pinch wheels down, the status is 16 (ready for
data).

When defsult conditions are in effect, the plotier status byte (O8) is the
HP-IB status byte that is cutput during an HP-IB serial poll. However, the
X8 instruction can substitute the recorder status byte in place of the plotter
status byte for use as the HP-IB status byte.

The HP-IB status byte is masked by the current S- and P-mask parameters
of the IM instruction to define which status byte conditions (plotter or
recorder) will generate a service request and/or & positive response to a
parallel poll.
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The Query Channel Status Instruction, QC

USES: The QC instruction is used to output the decimal equivalent of the
channel status byte in ASCII. Use it to obtain the current status of the
input signal on each channel and to determine if the trigger is out-of-range
or a measurement is in progress.

SYNTAX: @C terminator
PARAMETEES: None

EXPLANATION: When a QC instruction is received, the channel status
byte is converted to a number between 0 and 255. This decimal value is
output in ASCII in the forn:

channel status CRLF

NOTE: The number should be read into a numeric variable to aliow. bit
checking using the HP Series 200 BIT function. &

The channel status bits defined in the following table are constantly up-
dated to reflect current conditions. These status conditions can be obtained
without terminating an in-process divect or buffered measurement. Any
fime an overload condition occurs on any channel, bit 1 of the recorder
status byte is set and remains latched so the condition can be reported via a
serial poll.

Bit Bit
Valoe Position Meaning

1 ] Channel 1 overload.

2 1 Channel 2 overload.

4 2 Channel 3 overload.

8 2 Channel 1 offset invalid {(out-of-range).
16 4 Channel 2 offset invalid (out-of-range).
32 5 Channel 3 offset invalid (out-of-range).
64 g Trigger cut-ofrange.

128 7 Measurement in progress (direct or
buffered only).

The Output Error Instruction, OE

USES: The OF instruction is used to obtain the number of the currently
set HP-RL or HP-GL error f any). Use it when debugging programs to
determine the type of error that has sceurred.

SYNTAX: OFE terminator
PARAMETERS: None
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EXPLANATION: When an OF instruction is received, the HF 7080 con-
verts the first HP-RL or HP-GL error to a positive integer in ASCII, which
is output in the form:

error number CRLF

The error number is defined as follows:

Error
Number Meaning
0 No error.
1 Instruction not recognized.
2 Wrong number of parameters.
3 Parameter out-of-range.
4 Not used.
b Unknown character set.
6 Position overflow.
7 Not used.
8 Vector move requested while pinch wheels
raised or servo is inoperative.

After the carriage return has been sent, bit position 5 of the plotter and
recorder status bytes are cleared (if set) and the ERROR message (if dis-
played) is turned off.

You should note that most of the exrors ave related to instraction syntax,
and that only the first error encountered is output. Therefore, placing an
OF instruction at the end of a program allows the program to be run
repeatedly until all syntax errors are located and corrected. Refer to the OY
instruction for additional information on locating syntax errors.

The Locate Syntax Error Instruction, OY

USES: The OY instruction outputs the character string received immedi-
ately prior to an HP-RL or HP-GL error. Use it as a program debugging aid
to lovate syntaz errors.

SYNTAX: OY terminsator
PARAMETERS: None

EXPLANATION: When an error is sensed, the sixteen characters pre-
ceding the error are stored in memory. Carriage return and line feed char-
acters are ignored when the string is stored. For example, if the string
PA 100,100% % PD; PU% 8 4 was received prior to the error, executing an
OY instruction would returm FA 100, 100PD ; PUS 4.

- Executing an OY instruction and reading the string into the computer does
not clear the string from mernory. Therefore, if multiple ervors are received
before the string is cleared, the string will contain the 16 characters preced-
ing the first error. The string is cleared by executing an OF or an IN
instruction.
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The Input Mask Instruction, IM

USES: The IM instruction controls the conditions under which HP-RL
and HP-GL error status is reported, the conditions that can cause an HP-IB
service request message, and the conditions that can cause a positive re-
sponse to an HP-IB parallel poll. Refer to Serial and Parallel Polling in
Chapter 11.

SYNTAX: IM Emask(Smask(Pmask)) terminator
or
IM terminator

Parameter Format Range Default
E-mask integer 0 to 285 223
S-mask integer {10 255 0
Pmask inieger (to 255 0

EXPLANATION: The E-mask can be the sum of any combination of

the bit values shown in the following table. When an HP-RL or HP-GL
error oceurs, the error nurmber is tested against the specified E-mask bits to
defermine if the error bit (bit 5) of the selected status byte (plotter or recorder)
is to be set and the error display turned on. If the corresponding E-mask
bit is not specified, there is no way to ever determine if that error occurred.

E-Mask Error
Bit Valee | Bit | Number Meaning

1 0 1 Instruction not recognized.
2 1 2 Wrong number of parameters,
4 2 2 Parameter out-of-range.
8 3 4 Not used.

18 4 5 Unknown character set,

32 5 6 Position overfiow.

64 6 7 Not used.

128 7 8 Vector move requested while pinch
wheels raised or serve is inoperative,

The default E-mask value of 223 (128+ 64+ 16+ 8§+ 4 2+ 1) specifies that
all errors except error 6 will set the error bit in the selected status byte and
furn on the ERROR display whenever they occur. Error 6 will not set the error
bit or tern on the ERROR display if it occurs, since it is not included in the
E-mask valne. Errors 4 and 7 never occur, 8¢ setting the E-mask to 151
defines the same conditions as the defanit value 223.

The S-mask can be the sum of any combination of the bit values of either
the plotter or recorder status byte. When a bit of the selected status byte is
set and the corresponding bit value is included in the S-mask, bit 6 of the
status byte is set and the service request message is sent. Refer to the OS
(plotter) and QS (recorder) instructions for the meaning of each bit value.
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For example, an S-mask value of 2 specifies that moving P1/P2 or a channel
overload condition will cause a service request message to be sent, depend-
ing or: whether the plotter or recorder status byte is selected.

The P-mask can be the sum of any combination of the bit values of either
the plotter of recorder status byte. It specifies which of the status byte
conditions will result in = logical 1 response to an HP-IB parallel poll. Refer
to the OS (plotter) and QS (recorder) instructions for the meaning of each
bit value.

For example, a P-mask value of 48 specifies that only bits 4 and 5 (16 + 32)
of the status byte can cause the HP 7090 to respond to a parallel poll with a
logieal 1 on the appropriate data line.

The HP 7090, when set to default values or initialized, automatically sets
the E-mask to 223, the S-mask to 0, and the P-mask t0 0. An IM instruction
without parameters (IM;} or with invalid parameters also sets the masks to
the defanlt values 223,0,0.

Status Reporting Example

The following program shows how to combine the HP 7090 status reporting
capabilities with the interrupt and polling capabilities of the HP Series 200
computers. In this program, status reporting is structured around a buffered
measurement of channels 1 and 2 versus time. The IM mstruction specifies
service requests are to be generated when the trigger is found or a channel
overload ocours.

The program interrupts on these service requests and branches to a service
routine which performs a parallel pell to determine which device on the bus
needs service. If the HP 7090 needs service, a serial poll is performed to read
in the recorder status byte. Bit checking is performed on the status byte and
either “TRIGGER FOUND” is displayed fo indicate the buffers are filling
or the program branches to the Channel subroutine to determuine which
channel has an overload condition.

The channe! subroutine uses the QC instraction to read in the channel
status byte. If the bit checking determines the overioad is on channel 1,
“MEASUREMENT TEBRMINATED” is displayed and the program is im-
mediately terminated. If channel 2 has an overload, “Channel 2 Overload”
ig displayed and the program retnrns to the serial subroutine. The Q5
instruction is then executed to clear the latched bits in the recorder status
byte. The SRQ interrupts are again enabled and the buffers are allowed to
continue filling.

Notice the two idle loops in Hnes 220 through 270. The first loop will not be
exited until the trigger is found. The second loop ensures that service re-
guests ean be generated on overloads until the buffers are completely filled.
“BUFFERS FILLED” is displayved when the second leop is exited. The
buffer contents are then plotted to provide a hardeopy record of the
measurement.
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10 IThis program takes z buffered measurement % rhannels 1 and £ versus
20 ‘time. Service reguests zrs generzted when the trigger is foung cr =
ki lchanne! ocuarload occurs. The program interrupts on SRQA, &and paralie’
a3 tealling is used to detzrmine which device meecs service, Sarial

oG ipolling is used to determinme the typs cf zerwvice reguired. “TRIGGER
&8C IFOUNDY is dispiayed when ihe buffers start filling and "BUFFERS FILLEDY
70 tis displayed when ithes mezsurement is completed. The buffer contents
a0 lare then plotted. An cverlcad on channel ) mmediately terminates
30 lthe measurement, but an owver igad on channel I conly causes “Channel &
100 I0ver load" to ke displayed,

110 PRINTER IS t :

120 PPOLL CONFIGURE ?705;12 (PPOLL response on linme 4 with logic 1

130 ON INTR 7,15 GOSUB Serv.ortin

140 ENABLE INTR 7;2 lEnakles SRQO interrupis

156 CUTRUT 705 "INIKSY I IMERE, 3,3 !SRG on trigger or channmel owver lcad
TE0 DUTPUT FO5;"RETS," ISets channels 1 and 2 wversus tims

173 QUTPUT 7059 IR10,1;" 1Setg RANGE for channels 1 and 2

180 DUTPUT 705;"TB10,0;" iSets TOTAL TIME to 10 seconds

180 gUTPUT 705;4TM2,0;% 1Sets TRIGGER MODE to INTERNAL, ABOVE LEVEL

Z00 gUTPUT 705:*TA3,0;% 1Sets TRIGGER LEVEL to 3 wvelts.

210 DUTPUT 705;"M31;"  IInvokes buffered recording mode

IZ20 IF BIT(Status,0) THEMN 24C !Idle lcop until trigger is found
£30 . GOTD 220 '

240 FOR Ns1 TO 10 tIdle loop while buffsrs are Fiiling

254 WARIT 1 )

Ze0 IF N=10C THEW PRINT "BUFFERS FILLEDY

Z70 NEXT N

ZB0O QUTRUT 708;"PL;" iPlot buffer contentis

280 sTOP

300 f

31a i

320 Serv_rtn: Device=FROLLIY)

330 IF BIT(Device,4) THEN GOSUB Serial [HP 7080 needs service
340 . RETURN

350 :

3BY i

370 Seriml: tatus=SPOLLITCD)

280 IF BIT(Status,0r THEN PRINT " TRIGGER FOUND"

330 IF BIT{Status,1) THEN GOSUB Channe)

400 DUTPUT 705;"Qs;"

210 ENTER 705;Reset !Clears latched bits in recorder status byte
420 EMRBLE INTR 7;Z '

430 RETURN

440 i

450 !

460 Cranmnel:  QUTPUT 7D5;"QC;"

470 ENTER 705;0ver load

480 IF BIT(Owverlead,0) THEM

430 OUTPUT 708;"MT;"

500 FRINT "MERSUREMENT TERMINATEDY

510 GOTO 570

520 END IF

530 IF BIT(Dwer lord,1) THEN FRINT “Channe! £ Overioad®
540 RETURN ‘

550 !

580 !

370 END
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Chap ter 1 © P
Rotation

What You’ll Learn in This Chapter

In this chapter you will learn how to rotate the coordinate systems by
90 degrees. This feature permits recordings and plots to be oriented so they
can be read horizontally, regardless of how they are stored in a binder.

Instructions Covered
RO  The Rotate Coordinate Svatem Instruction

Rotating the Coordinate Systems

The reference coordinate system, recording area, and plotting area are
normally oriented so the X-axis is plotted along the long length of the
paper. However, the coordinate axes can be rotated 90 degrees so the X-axis
is plotted along the short length of the paper. The following illustration
shows the default and rotated axes orientations for A/A4 size and B/A3

size paper.
* Front-Panel
QUR uR : Rotation on
: ES/P2 #1 HARD- | ® FS/P2 i AJA4 Size Paper
i b [t G LI i H i
! +Y : LIMITS | +X :
i i i I
: +X i { !
; ! SOFT i e ;
| T |
"t_.?.ﬁff’i_.u...__ e ] Lo e s e e o s e

L.E Ll
A 0,0 ORIGIN ‘o,eomc;m—/r

DEFAULT ORIENTATION ROTATED 80 DEGREES
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Front-Panel
Rotation on
B/A8 Size Paper

Rotazed Hard-gz

and

HARD-
o & E [P i
LIMITS

SOFT-
fomeerr 34| P ——30-

LIMITS

e
0,0 0RIGIN

DEFAULT ORIENTATION

-

LLN
0,0 ORIGIN

HOTATED 80 DEGREERS

The rotate function can be invoked from the front panel, using the FAST«
SHIFT button combination, or programmatically, using the HP-GL instruc-
tion, RO. The only difference between the two methods is the rotated loca-
tions of the soft-clip Hmits and both sets of scaling points (zero/full scale
and P1/P2). The froni-panel rotation automatically relocates the soft-clip
limits and both sets of scaling points to the plotter unit coordinate locations
shown in the following tables. These values correspond with the locations
shown in the illustration. The RO instruction, however, aliows both sets of
scaling points to retain their coordinate values, and they may therefore be
rotated cutside the hard-clip limits. Refer to the RO instruction explanation

for complete details.
Hard.Clip Limits Soft-Clip Limits
Paper ;
Size i, Yiz Xur,Yur XY | Xm,Yur
A -~100,-333 | 7987,10703 0,0 7987,10370
85 X 1lin.
B’ —333,—-475 | 10703,16260 | 0,0 | 10870,16260
11X 17 in.
A4 —100,~322 | 7785,11400 4,0 Ti85,11078
210 X 297 mm
AZ —322, 525 | 11400,15762 0.0 11078,15762
207 X 420 mm

13-2
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Zero and P1 Full Scale and P2
Paper
Size Zx,Zv(Plx,Ply) FSy,FS«(P2x, P2yl
A 447,160 7882,10210
85X 11in.
B 160, 865 10210,16140
11 X 17 m.
Ad 348,514 7583,10564
210 X 287 mm
A3 514,325 10564, 15600
297 = 420 mm

Rotated Default

Sealing Point
Locations

The Rotate Coordinate System Instruction, RO

USES: The RO instruction programmatically rotates the coordinate sys-
tems 90 degrees. Use the instruction to orient plots vertically or horizontally,
regardless of whether the paper is loaded with the short or long dimemnsion
along the pen axis. .

SYNTAX: RO angle terminator
or
RO terminstor

Parameter Format Range Default
angle integer { = normal 0
90 = rotated

EXPLANATION: The only aliowable parameters are 0 and 90. An
RO 90 instruction rotates the current coordinate systems 90 degrees from
sts default orientation as shown in the following diagrams for A/A4 and
B/AS paper sizes. Rotations are not cumulative, and the rotate function can
only be toggled on and off. An ROO instruction is the same as an RO
instruction without parameters (R(Q;) and turns off the rotate function.

When an RO 90 instruction is executed, both sets of scaling points retain
their current coordinate values and may therefore be rotated outside the
hard-clip limits. The current input window (soft-clip limits) is also rotated,
and any portion that is rotated outside of the hard-clip limits 1s clipped to

the hard-clip limits, The size of the clipped input window can be determined

by executing the OW instruction, The input window, zero and full scale,
and P1 and P2 can be defaulted to their ratated default coordinate values
using the instructions IW, IZ, and IP without parameters. Refer to the
tables on the previous page for the rotated default coordinate vaiues.

The 0,0 origin moves when the coordinate system is rotated, but the physi-
cal size and location of the hard-clip limits are not affected. However, the
defined lowerleft (LL) and upper-right (UR) corners of the hard-clip Iimits
are rotated to maintain the same relationship with respect to the 0,0 origin.
The coordinate values are determined by paper size and the state of the
rotate function. The current values for LL and UR can be obtained by
executing the OH instruction. .
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Rotation on

A/AL Size Paper

When the coordinate system is rotated, the logical pen position is changed
to correspond with the current physical pen position. The coordinate values
of the new logical pen position can be obtained by executing either an OA
or OC instruction after the rotate instruction is executed.

Specifying parameters other than 0 or 90 sets exror 3 and the instruchion is

ignored.

Remember, vou can also turn rotation on and off via the front panel. Hold
the FAST button down and press the SHIFT button to turn on rotation; press
the buttons again to turn it off. Unlike the RO instruction, the front-panel
yotation automatically defaults the input window and both sets of scaling
points.

ROTATED 8¢°
e FSPZ ‘Wy CLIPPED
! et INPUIT
| | WINDOW
UR ! !
3 i
; i
i {
1 +X lt 1P
i t iZ;
! v J W,
i I
! , 6,0 ORIGIN
&M :wa
T Fy
HARD-
cLip
LIMITS
RO 90;
. HARD-
e
LIMITS LIMITS
v
UR UR ,
! FS/P2 ® | | ® FS/P2 i
| i 1
| X 1
! Y : Roo: |1 |
i i ! P ;
1 1Z;
I X 1 W . Y :
| | | '
!
le Z/FPt 1 H ZiPte!
B oo e e e e —— e — - e o e — rd
INPUIT LL
LL 0.0 ORIGIN \——-WENDC}W 0.0 omam—/
ROTATED 90°
DEFAULT ORIENTATION WITH DEFAULT
WINDOW AND

SCALING POINTS
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e

e’

ROTATED 90 Rotation on

UR B/AS3 Size Paper
[£3
iZ;
I¥é:
T e
i FS/P2 }
! i
1 i
‘ E
| Y i
| 4 i
| |
a l i
i s T4 ;
! { GLIPPED
! et [MPUT
It I WINDOW
¢ 1
AR —— e -
LL
3,0 ORIGIN
HARD-CLIP
RO 90 LIMITS
¥ UR
UR T T
i® ESP2 ; INPUT |1 FS/P2 el
g b Wi DOW —4 i
i { i
! i i i
i i +Y i
! X ; i 1
i 1 | i
! i i I
1 ! ‘Féo 0 | 3
l; j § 7 - } 1
W ER
3 +Y *“‘i i ! o +X i
{ i § i
} i 1 i
i [ ] |
| i 2 |
H
: zrre ! ! e Z/P1 j
mis—————— & ST LL Nt
c,eomem—f \—o,ooma;m
DEFAULT DRIENTATION E??QE%? Aga"w
WEINDOW AND

SCALING POINTS
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Appendix

An HP-IB Overview

HP-IB Terms and Concepts

The HE Interface Bus (HP-IB) provides an interconnecting channel for data
transfer between devices on the HP-IB.

The following list defines the terms and concepts used to describe HP-IB
(bus) system operations.

ok

. Addressing — The characters gent by & controlling deviee specifying

which device sends information on the bus and which device(s) receives
the information.

. Byte — A unit of information consisting of 8 binary digits (bits).
. Device — Any unit that is compatible with the ANSI/TEEE 488-1978

Standard.

. Device Dependent — A response to information sent on the HP-IB that

is characteristic of an individual device’s design, and may vary from
device to device.

. Operator —The peréon that operates either the systemn or any devicein

the system.

. Polling — The process typically used by a controller to locate a device

that needs to interact with the controller. There are two types of polling:

¢ Serial Poll — This method obtains one byte of operational information
about an individual device in the system. The process must be repeated
for each device from which information is desired.

e Parallel Poll - This method obtains information about a group of
devices simultaneously.

HP.IB
System
Terms

Devices which communicate along the interface bus can be classified into
three basic categories.

i
L

Talkers — Devices which send information on the bus when they have
been addressed.

9. Listeners — Devices which receive information sent on the bus when

they have been addressed.

Interface Bus
Concepis

An HPIB Overview  A-l
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Controllers — Devices that can specify the talker and listeners for an
information transfer. Controllers can be categorized as one of two types:

e Active Controller — The current controlling device on the bus
Only one device can be the active controller at any time.

s System Controller — The only controlier that can take priority
control of the bus if it is not the current active controller. Although
each bus system can have only one system controiler, the system can
have any number of devices capable of heing the active controller.

A typical HP-IB system is shown below.

VOLTAGE
SYSTEM
SOURCE CONTROLLER
ngéga " g HP-AB g CONTRCLLER

L=
Qi
=5
g >
DIGITAL Ei
VOLT- PRINTER PLOTTER L

METER

Message
Concepts

Devices which communicate along the interface bus are transferring
quantities of information. The transfer of information can be from one
device to another device, or from one device to more than one device.
These quantities of information can easily be thought of as “messages.”

In turn, the messages can be classified into 12 types. The list below gives
the 12 message types for the HP-IB.

1.

Lt

The Data Message. This is the actual information which is sent from
one talker to one or more listeners along the interface bus.

. The Trigger Message. This message causes the listening device(s) to

perform & device-dependent action when addressed.

. The Clear Message. This message causes either the listening device(s)

or gl of the devices on the bus to retwrn to their predefined device-
dependent states.

. The Remote Message. This message causes all devices currently

addressed to listen fo switch from local front-panel control to remote
program control.

. The Local Message. This message clears the Remote Message from

the listening device(s} and returns the device(s) to local front-panel
control.

. The Local Lockout Message. This message prevents a devic

operator from manually imhibiting remote program control.

A2 An HPIB Overview
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The Clear Lockout/Local Message. This message causes all devices
on the bus to be removed from Local Lockout and revert to Local. This
message also clears the Remote Message for all devices on the bus.

8. The Reqguire Service Message. A device can send this message at
any time to signify that the device needs some type of interaction
with the controller. This message is cleared by sending the device's
Status Byte Message if the device no longer requires service.

9. The Status Byte Message. A byte that represents the status of a
single device on the bus. Bit 6 indicates whether the device sent &
Require Service Message, and the remaining bits indicate operational
conditions defined by the device. This byte is sent from a talking
device in response to a serial poll operation performed by a controller,

10. The Status Bit Message. A byte that represents the operafional con-
ditions of a group of devices on the bus. Each device responds on a
particular bit of the byte thus identifying a device-dependent condi-
tion. This bit is typically sent by devices in responseto a paralle! poll
operation.

The Status Bit Message can also be used by a controller to specify the
particular bit and logic level that a device will respond with when a
paraliel poll operation is performed. Thus maore than one device can
respond on the sarne bit.

et
ol

. The Pass Control Message. This transfers the bus management
responsibilities from the active controller fo another controlier.

12. The Abort Message. The system controller sends this message to
uneconditionally assume control of the bus from the active controller.
This message terminates all bus communications (but does not imple-
ment a Clear Message).

These messages represent the full implementation of all HP-IB system
capabilities. Each device in a system may be designed to use only the
messages that are applicable to ifs purpose in the system. It is important
for you to be aware of the HP-IB functions implemented on each device in
your HP-IB system to ensure the operational compatibility of the system.

The HP Interface Bus

The HP Interface Bus transfers data and commands between the com-
ponents of an instrumentation system on 16 signal lines. The interface
functions for each system component are performed within the component
so only passive cabling is needed to connect the systems. The cables con-
pect all instruments, controllers, and other components of the system in
parallel to the signal lines. :

The eight Data I/0 Iines (DIO1 through DIO8) are reserved for the trans-
fer of data and other messages in a byte-serial, bit-paraliel manner. Data
and message transfer is asynchronous, coordinated by the three hand-
shake Lines: Data Valid (DAV), Not Ready For Data (NRFD), and Not
Data Accepted (NDAC). The other five lines are for management of bus
activity. See the following figure. :

HP-IB Lines
and
Operations

An HP-IB Overview A3



HP.IB
Sipgnal

Lines

i

DEVICE A < DATA BUS
{8 LINES!
ABLE TO TALK, LISTEN, (\}/
AND CONTROL,

leg., CALCULATOR:

DEVICE & < DATA BYTE
TRANSFEA
ABLE TO TALK AND T || conTRoL
LISTEN ]
fe.., MULTIMETER]
GENERAL
. INTERFACE
DEVICEC < = | // MANAGEMENT
NN
ONLY ABLE TO LISTEN N //
{e.g., SIGNAL )//
GENERATOR]

PEVICE D Do
ONLY ABLE TO TALK ;‘i -

ie.g., COUNTER])

Lav
NRED
NDAC

1FC
ATN
SR0O

AEN
7580-A201-3 EQl

Devices connected to the bus may be talkers, listeners, or controllers. The
controller dictates the roll of each of the other devices by setting the ATN
(attention) line true and sending talk or hsten addresses on the data lines,
Addresses are set into each device at the time of systemn configuration
either by switches built into the deviee or by jumpers o a PC board.
While the ATN line 1s true, all devices must listen to the data lines. When
the ATN line is false, only devices that have been addressed will actively
send or receive data. All others ignore the data lines.

Several listeners can be active simultaneously but only one talker can he
active at & time. Whenever a talk address is put on the data lines (while
ATN is true), all other talkers will be automatically unaddressed.

Information is transmitted on the data lines under sequential control of
the three handshake lines (DAV, NRFD, and NDAC). No step in the
seguence can be initiated until the previous step is completed. Information
transfer can proceed as fast as devices can respond, but no faster than
allowed by the slowest device presently addressed as active. This permits
several devices 1o receive the same message byte concurrenily.

The ATN line is one of the five bus management lines. When ATN is true,
addresses and universal commands are transmitted on only seven of the
data lines using the ASCII code. When ATN is false, any code of 8 bits or
less understood by both talker and listener{s) may be used.
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The IFC (interface clear) line places the interface system in & known
quiescent state.

The REN (remote enable) line is used with the Remote, Local, and Clear
Lockout/Set Local Messages to select either local or remote control of
each device,

Any active device can set the SRQ (service request} line true via the
Require Service Message. This indicates to the controller that some device
on the bus wants attention, such as a counter that has just completed a
time-interva) measurement and wants to transmit the reading to a printer.

The BOI (end or identify) line is used by a device to indicate the end of a
multiple-byie transfer sequence. When a controller sets both the ATN and
EO1 lines true, each device capable of a parallel poll indicates its current
status on the DIO line assigned to it

In the interest of cost-effectiveness, it is not necessary for every device to
be capable of responding to all the lines. Each can be designed to respond
only to those lines that are pertinent to its function on the bus.

The operation of the interface is generally controlied by one device
equipped to act as controller. The interface transmits a group of com-
mands to direct the other instruments on the bus in carrying out their
fanctions of talking and listening,

The controller has two ways of sending interface messages. Multi-line
messages, which cannot exist concurrently with other mulii-line messages,
are sent over the eight data lines and the three handshake lines. Uni-line
messages are transferred over the five individual lines of the management
bus.

The commands serve several different purposes:

e Addresses or talk and listen commands select the instruments that will
transmit and accept data. They are all multi-line messages.

e Universal commands cause every instrument equipped to do so to per-
form a specific interface operation. They include multi-line messages
and three uni-line commands: interface ciear (IFC), remote enable

(REN), and attention (ATN). :

e Addressed commands (also referred to as primary commands) are similar
to universal commands, except that they affect only those devices that
are addressed and are all multitine commands. An instrument responds
to an addressed command, however, only after an address has already
told it to be talker or listener.

¢ Secondary commands are multi-line messages that are aiways used in
‘geries with an address, universal command, or addressed command to
form a longer version of each, Thus they extend the code space when
necessary.

To address an instrument, the controller uses seven of the eight data-bus
Lines. This allows instruments using the ASCII 7-bit code to act as con-
trollers. As shown in the following table, five bits are available for ad-
dresses, and a total of 31 allowable addresses ave available in one byte. If
all secondary commands are used to extend this into a fwo-byte address-
ing capability, 961 addresses become available (31 allowable addresses in
the second byte for each of the 31 allowable in the first byte).
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f‘;d,.ess c;{;;‘;’ Code Form Meaning
X 0 0 4 Ay A A A Universal Commands
X 0 1 A A A A A Listen Addresses
except
X 0 1 1 1 1 1 1 TUnlisten Command
X 1 0 A A A Ay A Talk Address
excepl
¥ 1 0 1 1 1 1 1 Untalk Command
X 1 1 As Ay Ay Ay A Secondary Commands
except
X 1 1 1 1 1 1 1 Ignored
Code used when atiention {ATN} is true (low).
X = don’t care.
Interface Interface functions provide the physical capability to communicate via
Fuanciions  HPIB. These functions are defined in the ANSI/TEEE 488-1978 Standard.
This standard, which is the designer's guide to the bus, defines each
interface fumction in terms of state diagrams that express all possible
interactions.
Bus capability is grouped under 10 interface funciions, for example: Talker,
Listener, Controller, Remote/Local. The following table lists the functions,
including two special cases of Controller,
M’;’;;ﬂﬁ Mnemonic Interface Function Name
Functions ;
SH Source Handshake
AH Acceptor Handshake
T Talker {(or TE = KExtended Talker)*
L Listener (or LE = Extended Listener)*
SR Service Request
RL Remote Local
PP Paraliel Poll
DC Device Clear
DT Device Trigger
C Any Controller
Cx A Specific Controlier (for example: Cs, Cr...)
Cs The Bystem Controller

*Eytended Talikers and Listeners use a two-byte address. Otherwise, they are the same as

Talker and Listener.
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Since interface functions are the physical agency through which bus mes- Bus
sages are implemented, each device must implement one or more functions Messages
to enable it to send or receive a given bus message.

The following table lists the functions required to implement each bus
message. Each device's operating manual lists the functions implemented
by that device. Some devices, such as the 98034A Interface, list the func-
tions implemented dirvectiy on the device.

[ Functions Required %ﬁ"ﬁm
gsender function — receiver function(s) Bus Message

Bus Message {support functions)

Data. T — L* (S8H, AH)

Trigger C - DT* {1, SH, AH)

Clear C —DC* (L, SH, AH)

Remote Cs~— RL* (SH, AH)

Local C — RL* (L, SH, AH)

Local Lockout C — RL*(SH, A

Clear Lockout/Set Local - Cs—~RL*

Require Service SR* - C

Status Byte | T — L* (SH, AH)

Status Bit PP*—-C

Pasg Control Ca—Ce(T,8H, AR

Abort Ce— T, LEC

*Since mare than one device can receive (or send) this message simultaneously, each device
must have the funciion indicated by an *.
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Appendix E. |
Instruction Summary

'HP-RL and HP-GL Syntax

This appendix Hsts the formal syntax for each instruction in alphabetical
order of the instruction’s two-letter mnemonic. The first list gives the
HP-RL recorder instructions and the second list gives the HP-GL plotter
instructions.

FEach instruction is listed with its purpose, syntax, parameter or response
type, range, and default condition. Refer to the indicated pages for details.
The semicolon is included as the terminator for all instructions except the
HP-GL label instruction, LB. The ASCII carriage return (CR) and line feed
(LF) characters are sent at the end of all pufput responses.

HP-RL Syntax Summary
DG grid type; DG

or The Draw Grid
DG ; Instruction
Purpose: Draws a user-defined or a fixed centimetre grid. Omithing Page 3-10

parameter defanlts to user-defined grid. Grid is drawn accord-
ing to conditions specified by GL instruetion.

Parameter Format Range Default

grid type integer 0= user-defined grid D’
1 == centimetre grid

Instruction Summary Bl



DO DO channel(s), # of samples , format , trigger status ;

The Set Data or
Output DO ;
Instruction Purpose: Defines how data samples are to be output when data acqui-
Page 4-2 sition mode is subsequently initiated by the QD (direct) or QI
{buffered) instructions. Omitting parameters defaults to con-
tinuous sampling of all channels in ASCII format with no
trigger status.
Parameter Format Range Default
_ channel{s) integer 0= channeis 1, 2, and 3 0
1= chanmnel 1 i
2= channel 2
3= channel 3
# of samples integer 0to 32767 0
{0 = eontinuocus sampling)
format mteger | 0= ASCII 0
1= binary
trigger status | inieger 0= no trigger status 0
1= gend trigger status ,
GL GL X-axis divisions, Y-axis divisions (, quadrants) ;
The Set Grid or
Divisions GL ;
Instruction Purpose: Specifies the number of divigions in the user-defined grid
Page 3-11 and the quadrants where it is to be drawn by the DG instruc-
tion. Omiitting parameters sets default conditions.
‘ Default
Parameter Format Range AZA4 B/AS
X-axis divisions integer 1 to 100 5 38
Y-axis divisions integer 1o 100 18 25
guadrants integer 1to 1 1 i
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IR F5,(FS:{F83):

IR

or The Set Full
IR ; Scale Range
Purpose: Sets range of each input channel. Omitling parameters de- Instruction
faults all channels to 10.0 volts. Page 3-5
Parameter Format Range Defanlt
FS, FS;,FS | real | 0.0030Vw%01000V | 100V
IT vear,month,day,hours, minutes; IT
. . . The Set
Purpose: Sets the time and date of the internal real-time clock. Seconds s
are set to zers when IT is executed. : Rea}-me Clock
Instruction
Page 3-18
Parameter Format Range Default
year integer 0 1o 99 none
month integer 1to 12
or or
character JAN to DEC
day integer 1t 3l
hours integer 01028
minutes integer 0o B9
IZ Zx,Zy(F8x,FSv); iz
or The Set Zero and
Iz Full Scale
Purpose: Sets location of zero (Z) and full geale (F'S) points. Omitting Instruction
parameters sets points to default locations. Page 3-3

Parameter Format Range Default
£,Y coordinates integer | —32768t032767 | dependenton
. current paper size
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MS
The Measurement

MS measurement;

or

Start MS ;
Instruction Purpose: Initiates either divect or buffered recording measurements.
Page 4-1 An MS with no parameter initiates direct recording.
Parameter Format Range Defanit
measurement integer {= direct recording 4]
1= buffered recording
MT MT
The Me%s‘;,rﬁgﬁ Purpose: Terminates either divect and buffered recording measure-
. ts or the data acquisition mode,
Instruction men
Page 42  Parameter None
PL PL ;
} Tot '
The %sﬁfs; Purpose: Plote buffer contents for each selected channel in order, using
Page 4.2 the pen with the same number as the channel(s).
Parameter: None
QA QA ;
Tﬁgggr%ﬁg Purpose: Outputs the crrently requested trigger level and width volt-
and Width ages and whether or not the values are valid.
Instruction  Response:  level, width,validity CRLF
Page 3-15
QB B ;
%}&Q%ﬁ Purpose: Qutputs the currently specified duration of a recording.
Instruction  Response:  time,units CRLF
Page 3-10 where: time= 0.030 to 100 (seconds)  units = 0 (seconds)
: 1.00 to 109 (punutes 1 {minutes)
1.00 to 2_4.0 (hours) 2 (hours)
QC @C ;
Ch T]:;? g&ﬁ Purpose: Qutputs the decimal value (0 1o 255) of the channel status
Instruction byte in ASCIL
Fage 12.5  Response: channel status CRLF

B4 Instruction Summary
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QD QD
Purpose: Initiates streaming of data samples from the A/D converters g}ife%uz%
toa coxéputer {data acquisition mode). Data Sample
Response: Ouiputs number of samples specified by DO instruction at Instruction
' the rate specified by the SD) instruction. Page 4-5
QG QG
Purpose: QOutputs the currently requested post- and pretrigger time z}:g g;l :; r%r]i?g(;;;
and whether or not the ime value is valid. Time
Response:  time,units, validity CRLF Instruction
where: fime = +0.00 to 100 (seconds})  uniis = 0 (seconds) Page 517
+1.00 to 100 (minutes) 1 (minuies)
+1.00 to 24.0 (hours) 2 (hours)
QI ; QI :
Purpose: Initiates the transfer of the channel buffer contents to a g%%:g SB a‘iﬁ;};‘ed
computer. Tnstruction
Response;  Outputs number of samples specified by DO instruction (SD  Page 4-6
instruction is ignored),
QL ; QL
Purpose: Quiputs the currently specified number of divisions in the %?&gg;rsy Grid
user-defined grid and the guadrants where it is to be drawn. .
* Ingtruction
Response:  X-axis divisions, Y-axis divisions, quadrants CRLF Page 53-13
M ; QM
Purpose: . Qutputs the current definitions of the independent (X} and %tio%gfgy Mode
dependent (¥) axes of the recording area. Instructi fn
Response: - mode CRLF Page 3-3
QF ; QR
Purpose: Outputs the corrent range settings for all three channels. %h;ﬁ gg:l?ﬁ ange
Response:  range 1,range?,range3 CRLF Instruction
‘ Page 3-6

Instruciion Summaeary BS



Qs Qs ;
Reco ;‘E;: g;;e:mz Purpose: Qutput the decimal value (0-255) of the recorder status byte
Instruction in ASCIL
Page 123  Response: recorder status CRLF
QT QT ;
Tm:;l: rQI\}[lgg Puwrpose: Outputs the currently selected trigger mode.
Instructiorn  Response:  mode,option CRLF
Page 3-14 where: mode = 0 (manual)
1 (external)
2 (internal)
option = 0 (above level)
1 (below level)
2 (inside window)
3 {outside window)
Qu QU ;
Trirgléifu'l‘ © IZ Parpose: Outputs the time the last trigger oecurred.
Instructionrs  Response:  hours,minutes,seconds CRLF
Page 3-16 where: howrs =0t023
minutes = 0 to 59
seconds = (i to 59
Qv Qv ;
Tb‘hg ggélgg Purpose: Outputs the currently requested de offset for each channel
. d whether or not the values are valid.
Instraction an
Page 3-8  Response: offset1,0ffset 2, offset 3, validity CRLF
QW ow ;
Re ai_T'Iﬂli%‘llgg Purpose: Qutputs the current time and date of the real-time clock.
Instruction  Response:  year,month,day, hours,minutes,seconds CRLF
Page 3-18 where: vear =00t099
month =011c12
day =Q1to31
howrs =00t023

minutes = 00 to 59
geconds = 00 to 59
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QZ ; QL
Purpose: Gutputs‘ the current X- and Y-coordinates of the zero and full Eﬁg %ll?gcgleg 9
scale points. 4 \
Instruction
Response:  Zx.Zv,FSx,FSy CRLF Page 3-b
RE mode; RE
or The Set
EE ; Recording Mode
Purpose: Defines the independent (X} and dependent (Y) axes of the Instruction
recording area in texms of the input channels and/or time. Page 3-2
Omitting parameter defaults to channel 1 versus time.
Parameter Formai Range Default
mode integer 3 through 15 9
except '
6, 10, and 14
RL state; RL
or The Remote/Local
RL ; _ Instruetion
Purpose: Disables or enables the front-panel controls. An RL instrue- Page 11-2
tion with no parameter enables front-panel controls.
Parameter Format Range Default
state integer 0 = local state ¢
1 = remote state
SD time: sD
or The Seat
8D Sample Delay
Purpose: Sets the time interval between samples, or sample sets, for Instruction
subsequent data transfers initiated by the QD instruction. Page 44

Omitiing parameter defaults time interval to 0.1 second.

Parameter Format Hange Default

time real 0.002 to 1000 seconds 0.1 second
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SV SV offsetl(, offset 2(, offset3));

The Set _or
DC Offset SV ;
Instruction Purpose: Sets zero voltage position of each channel’'s input signal.
Page 3-7 Omitting parameters sets the offset of all three chanmeis to
0.0 volts.
Parameter Format Range | Default
offset 1,2,3 real 4100 volts 0.0 veolis

TA T4 level{ width);

The Set or
Trigger Level TA ; 7
1 and W“.ﬁ’h Purpose: = Specifies the trigger level for above and below level triggering
nstruction and the trigger level and width for inside and outside window
Page 3-15 triggering. Omitting parameters defaults both trigger level
and width to 0.0 volts.

Parameter Format Range Defanit

Jevel - real +200 velts 0.0 volts
width real 0 to 200 volts 0.0 volts |

TB 7B time( units);
The Set or
Total Time 7B ;

Instruction Purpose: Specifies the duration of a recording. Omitting parameters

Page 3-8 defaults duration to 1.0 second.
Parameter Format Range , Pefault
time real seconds: 0.030 to 100 1

minutes: 1.00 to 100
hours: 1.00 to 24.0 .
units integer 0= geconds 0
1 = minutes
2= hours
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T label type; TD
or The Label
(44 Time and Date
Purpose: Provides the means to label the setup conditions for a record- Instruction
ing, the current date and time, and the time that the trigger  Page 3-19
aceurred. Omitting parameter specifies printing the time and
date label.
Parameter Format Range Defauit
label type integer 0= tirme and date 0
I=time
2= date
3= trigger time
4= gt up conditions
TG time(, units); TG
or The Set Post-
TG ; and Pre-Trigger
Purpose: Specifies either a postirigger time delay or the amount of € .
total time that is used to record pre-irigger data. Omuitting Instruction
parameters defaults both post- and pre-trigger time to zero  Page 3-16
seconds.
Parameter Format Range Defanlt
tme real +0.00 to 100 {(seconds) 0
=1.00 to 100 (minutes)
. +1.00 to 24.0 (hours)
units integer (= geconds it
1=minutes
2=hours
TH mode{, option); ™
or The Set
T™M ; Trigger Mode
Purpose: Selects the triggering mode used to start a recording. Omit- Instruction
iing parameters defaulis to manual trigger mode. Page 3-14
Parameter Format Range Default
mode integer 0= manual 0
1= external
2= internal
options integer 0= above level 0
L 1= below level
2= inside window
7 8= gutside window
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X8 status type;

The Set Plotter or
or Recorder X5 | _
I Sta.ml S Purpose: Selects either the plotter status byte (OS) or the recorder
nstruction status byte (QS) for use as the HP-IB status byte. Omitting
Page 12-2 parameter defaults to plotter status byte.
Parameter Format Range Defanlt
status type integer 0 == plotier status byte 0
1 = recorder status byte
HP-GL Syntax Summary
CA CA setnumber;
The Designate or
Alternate CA ;
Ch?‘r acter '.Set Purpose: Designates the alternate character set. Omitfing parameter
nstraction defaults to set 0,
Page 87
‘ Parametier Format Range Default
‘ set number integer Otod .0
CP (P spaces,lines;
The Characier or
Piot CP :
Instruction Purpose: Move the pen the number of spaces and Iines specified. Omit-
Page 8-19 ting parameters causes a carriage retwrn and line feed
' operation.
Parameter Format Range Default
spaces real —128.0000 to 127.9995 carriage
return
lines real —128.0000 to 127.9999 point
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CS set number;

CS

or The Designate
cs Standard
Purpose: Designates the standard character set. Omitiing parameter IC haractfsr Set
defaults to set 0. nstruction
Page 87
Parameter Format Range Defanlt
set number integer Oto 4 : 0
DF ; DF
. X The Defaunit
Purpose: Sets certain plotter functions to a ;}redeﬁn_e& state. Instruoction
Page 2-16
DI yun,rise; DI
or " The Absolute
DI Direction
Purpose: Sets the direction of labels, Omitting parameters causes hori- Instruction
zontal labels and is the same as DI 1,0, At least one parame- Page 89
ter must be effectively nonzero; i.e., [z 0.0004].
Pargmetier Format Range Drefanit
THn real ~128.0000 to 127.9989 . 1 '
rise real -~128,0000 to 127.9999 0
DR run,tise; DR
or The Relative
DE ; Direction
Purpose: Sets the direction of labels. Omitting parameters causes hori- Instruction
zontal labels and is the same as DR1,0. Run is % of (P2;  Page 811
— Plx), rise is % of (P'2y — Ply). '
Parameter Format Range Defaunlt
run real —~128.0000 to 127.9999 1
rise real —128 0000 to 127.9999 0
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DT b7 ot
The Define , : . .
Terminator Purpose: Defines the character which terminates label mode.
Instruction
Page 8-5 Parameter | Format Range Default
t character | ASCII characters ETX {decimal value 3)
with decimal values
1 through 127
IM M E-mask( Smask{(, P-mask));
The Input Mask or
Instruction IM ;

Page 12-7 Purpose: Controls the conditions under which HP-RL and HP-GL error
status is reported, the conditions that can cause an HP-IB
service request message, and the conditions that can causea
positive response to an HP-IB parallel poll. Omitting parame-
ters defaults mask values 10 223,0,0.

Parameter Format Range Defaunlt
E-mask integer 0 to 256 223
S-amnask integer 0 to 255 0
Pamnask integer | 0 to 255 0
IN v
T}iigf;l;fllcﬁoz Purpose: Sets plotter funciions the same as DF and sets certain re
corder funcitions to predefined states. In addition, the penis

Page 2-17 raised, any error is cleared, the plotter status byie is the
HP-IR status byte and bit position 8 is set true, channel
buffers are flushed, rotation is set to 0 degrees, and all limits
and scaling points are set to the default coordinate values for
the currently selected paper size.

IP IP Pix,Pily( P2, P2); _
gil giﬁ%g Purpose: Sete P1/P2 scaling points. Omitting parameters sets PI and
. P2 to the defailt coordinates for the currently selected paper
Instruction size.
Page 6-2
Parameter | Format Range Default
Pi1,P2 integey —32768 to 32767 | dependent on current
paper size
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W

or The Input
w | Window
Purpose: Sets window {soft-clip limiis) inside which plotiing can occur. Instruction
Omitting parameters sets window area to default coordinate Page 6-13
valnes for the currently selected paper size.
Parameter ' Format Range Default
Y integer —~397768 10 82767 | dependent on current
1 paper size
LB c..c t LB
where t is the label terminator defined by DT. Default is ETX, decimal g;&%i%ﬂn
equivalent 3.
‘ Page 8-2
Purpose: Draws the character string using the currently selected char-
acter set.
Parameter Format Range Defaualt
e...c é character all ASCII characters off J
LO position number; LO
or The Label Origin
Lo Instruction
Purpose: Positions labels relative to current pen position. Omitting Page 817
parameter defaults to LO 1.
Parameter Format Range Default
position number integer 1-9 and 11-19 1
1.03 LGB | 08
+ 02 LBS LO8
LO1 LO4 LO7%
& & L]
L0013 L 016 Lais
012 L0135 L0138
LO11  LOl4  LO17,
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LT pattern number{, pattern length);

The Line Type or
Instruction L7 ;
Page 7-5  pyurpose: 'Sets the line type used for drawing lines. Omitting parame-
ters defaults to a solid line.

Parameter Format Range Defanit
pattern number real —128.0000 to 1278989 | solid line
pattern length real —128.0000 to 1279999 | 4% of diagonal

P2—F1n
Specifies dots only at the points that are plotted,
' !
L——T—"'J One pattern length.
No parameter {Default Value]
. CA 04 ;
A cmr{av?%’g;;g:; Purpose: Outputs the pen's physical position.
and Pen Sta_i:us Response: X,Y,P CRLF
Instruction . . .
Page 10-1 where: X and Y are in plotier units; P is pen statos (0 = up,
1 = down)
OC ocC ;
Th
Commanded epgggglpélnt Purpose: QOutputs the pen’s logical position and status.
and Pen Status  Response: X,Y,P CRLF .
Instruction . . .
Page 10-2 where: X and Y are in plotter units if scaling is off or user
8 upits if scaling is on; P is pen status (0 = up, 1
= down)
OE O0F ;
The Otfnmm‘ﬂéggg Purpose:  Outputs the number of the first P-RL or HP-GL error.
Page 125  Response:  error number CRLF
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OF ; OF
Purpose: Outputs the number of plotter units per millimetre in each ,11‘111;222?;1; Factors
axis.
Page 10-2
Response: 45,40 CRLF
OH OH
Purpose: OQutputs the lower-left and upper-right cocrdinates of the hard- HT?:; g g?i?uiimit s
clip limits in plotter unite. Tnstru ctign
Response:  Kiowes left s Viower lft » Suupper sight ; Lupper gt OILaE Page 2-4
Or ‘ 01
Purpose: Qutputs the instrument’s model number in ASCIL %‘&i?l%?ﬁi on
Response:  7080A CRLF Instruction
: Page 10-2
00 ; 00
Purpose: Outputs the instrament’s capabilities. %ﬁﬁﬂfﬁi Options
Response:  0,1,0,0,0,0,0,0 CRLF Page 10-3
indicates pen select capability is included
0P _ opP
Purpose: Outputs the plotter-unit coordinates of the scaling points P1 %eagggg t
' and P2. Instruction
Response:  Plx,Ply,P2x, P2y CRLF Page 6-4
08 ; _ 0s
Purpose: Qutputs the decimal value (0-255) of the plotter status byte g?:ﬁggtgﬁtus
in ASCIL Instruction
Response:  plotter status CRLF Page 12-2
ow ; OW
Purpose: Qutputs the plotter unit coordinates of the lowerleft and %%gtw ut
upperright corners of the current window. Instruction
RESPGHSQ: Xlowe:' Iofiy Yiowa: left » Xupper right Yupper right CRI“‘F P&lg'@ . 6‘15
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The Locate ) .. ) .
Syntax Error Purpose: Qutputs the sixtesn characters received immediately prior t

Instruction an HP-RL or HP-GL error.
Page 12-6  Respornse:  ASCII character string

OZ oz
Comn?ahn%%grtf;lt Purpose: Outputs OZ and the fourteen characters received imrmedi-
Instructi g ately before OZ. Carriage return and line feed characters are
nsiraction not included.
Page 10-3

Response:  ASCII character string

PA  PA X, coordinate,Y; coordinate(, X: coordinate, Yz coordinate, .. . .,
The Plot X, coordinate, ¥, coordinate);
Absolute or
Instruction A ;

Page 5-3 Purpose: Plots o the XY coordinates in the order listed using the
current pen up/down state. PA; sets absolute plotting. Coor-
dinate pairs represent plotter units if scaling is off and user

units if scaling is on.
Parameter § Format Range Default |
XY coordinates % integer —52768 to 82767 none |

Py PD
The Pen Down or
Instruction PD X.Y(..J;

Page 5-2 Purpose: Programmatically lowers the pen. Parameters may be in-

cluded as in PA or PR.
Parameter Format Range Defanit
Y integer ~32768 to 32 767 none
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PR X increment,Y: increment{, X; increment, Yy increment, . . .,

PR

X, increment, Y, increment) ; The Plot
or Relative
PR Instruction
Purpose: Plots, in order, to the poinis indicated by the XY increments, Page 56
relative to the previous position. PR ; seis relative plotting for
PU or PD with parameters.
Parameter Format Range Defaunlt
XY increments integer —32768 to 32767 none
PS5  paper size; Ps
. The Pa i
Purpose: Used to toggle between A and B, or A3 and A4 paper sizes. Instru c}gie;‘nSEe
Page 2-4
Parameter Format Range Diefault
paper size integer 0to 3=DB or Ad size none
410 127= A or Ad gize
PU PU
or ' The Pen Up
PU XY(..); Instruction
Purpose: Programmatically raises the pen. Parameters may be in- Page 5-2
chuded as in PA or PR.
Parameter Format Range Default
XY integer —~32768 1o 32767 none
RO angle; RO
or The Rotate
RO ; Coordinate
i . P System
Purpose: ERotates the cocrdinate systems 90 degrees. Omitting parame- In "
ter defaults to 0 degrees (no rotation). struction
Page 13-3
Parameter Format Range Default
angle integer 0 = noxmal 0
90 = rotated
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SA  SA
The Select Purpose: Belects the alternate character set designated by the CAin
Alternate Set "

. siruction as the character set to be used for subsequent

Instruction :

labeling.
Page 8-8
sSC SC X Xnax, Yonin » e
The Scale or

Instruction 5C ;

Page 6-4 Purpose: Scales the plotting area into user units. Omitting parameters
cancels scaling, and parameters of piot instructions are sub-
sequently interpreted as plotter units.

Parameter Format Range Default
XY Integer —32768 to 32767 plotter units
SI 8T width,height;
The Absolute or :
Character Size 5@ ;
Instruction Purpose: Sets character width and height for labels, in centimetres.
Page 813 Omitting parameters defaults character size based on the
paper size.
Default
Parameter | Format Range A/A4 | B/AS
width real ~1280000 t0 127.9999 | 0187 0.285
height real —128.0000 to 127.9990 (.269 0.375
8L SL tans;
The Character or
Slant SL
Instruction
Page 816 Parameter Format Range Default
tan 8 real -128.0000 to 127.9993 0
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S3f character; SM
or The Svmbol Mode
SM Instruction
Purpose: Draws z single character which is centered at the end of Page 7-4
each plotted vector. Omitting parameter cancels symbol
mode.
Parameter Format Range Defanlt
character character all printing characters off
except semicolon
SP pen number; sP
or The Select Pen
SP _ Instruction
Purpose: Selects or stores a pen. Omitiing the parameter or a parame- Page 5-2
ter of O stores the pen.
Parameter Format Raoge Default
pen niumber integer 0t06 G
SE width, height; SR
or The Relative
SR _ Character Size
Purpose: Specifies the size of characlers and symbols as a'perceniage Instrnction
of the distance between Pl and PZ. Omitiing parameters Page 8-15
defaults to 0.75 for width and 1.5 for height.
Parameter Format Range Default
width real —~128.0000 to 127.9999 0.75
height real —128.0000 to 127.9939 15
85 SS
Purpose: Selects the standard character set designated by the CS in- The Select
gtruction as the character set used for subseguent labeling Standargi Set
’ Instruction
Page 8-8
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TL TL tp(tn);
The Tick or
Length 7L ;
Instruction Purpose: Establishes the length of ticks drawn with the instructions
Page 7-2 XT and YT. Omitiing parameters defaulis tp and tn to 0.5%
of (P2y = Ply) for XT and 0.5% of (P2¢ ~ Plx) for YT.
Parameter | Format Range Default
tp, tn real | —128.0000 to 127.9999 | tpandtn=
0.5% of (PQY - Ply)
for XT and 0.5% of
{(P2x — Pix) for YT
VS VS pen velocity;
The Velocity or
Select VS ;
Instruction Purpose: Specifies the pen-up and pen-down speed for plotiing and
Page 5-8 labeling operations. Omitting parameter defaults pen speed
to 75 em/s (30 In./sh
Payameter Format Range Default
pen velocity real 010 127.9990 cm/s 75 em/s
Xt X1
%ﬁ;&gﬁ Purpose: Draws a vertical Xick at the current pen location.
Page 7-1
YT y7T
The Y-Tick . . .
Tnstruction Purpose: Draws a hovizonial YV-tick at the current pen location.
Page 7-1
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Reference Material

Specifications®

inputs
Number of channels
Type of input
Sensitivity
Zero offset

Input immpedance
{NOMINAL)

Maximum input voltage
Maximum source
resistance

Common mode rejection
ratio

Timebase
Range:
Buffer mode
Direct record mode

Accuracy

Dynamic Performance

Slewing speed (NOMINAL)
Diirect record mode
Plotting mode

Acceleration (NOMINAL)
Bandwidth (—3 dB)

Peak capture
Memory Per Channel

Size

Resolution

3

floating, guarded

5miV to 100 V full scale

£2 full seale or £100 ¥V maximum
1 M{l, shunted by 45 pf.

200V, de or peak
10k0D

140 dB de; 100 dB ac @ 60 Hz with
1 k& unbalance in LOW terminral
on most sensitive range @ 25°C,
50% RH

30 milliseconds to 24 hours
1 second to 24 hours

+=0.1%

127 em/s (B0 in./s)
75 em/s (30 in./8)

2 g constant (1960 cm/s%)

3 kHz for all full-ecale ranges
220mv

2.6 kilz for all full-scale ranges
< 20mV

250 us at fastest timebase range

1000 words
12 bits

*Specifications describe the instrument’s warranted performance. Supplemerdal charse.
teristics sre Intended to provide information useful in applving the instrument by giving
typical or nominal, but not waxzanted, pexformance parameters.
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Trigger Characteristics
Internal trigger:
Inside or cutside window
Above or below level, selectabie over the full-scale range in 1.0%
increments (INOMINAL)
Source, channel 1
External trigger:
BNC connector, TTL level or contact closure to ground
Manual trigger:
Available from front-panel controls or IO
Display:
Up to 100% pre-trigger; up to 24 hour post-irigger delay after irigger
before measurement start

Accuracy**
Elﬂ”é"’é’? ly‘i‘éﬁf&% Constant Percent Reading
Range Inaccuracy Inaceuracy
5mV +0.013 mV
10 mV 0021 mV
20 mV 40,036 m¥
B0 mV +0.082 mV
00wV +0.158 mV
200 mV +0.306 mV
500 mV +0.760 mV
1V +0.0015 V +0.055%
2V £0.0080 V
5V +0.0078 V
10V +0.0152V
20V 00804 V
50V +O0.0760 'V
100V +0.1520V
TemgeacggalwefﬁmAWm Constant Percent Reading
from 25 Degrees C - Inaccuracy Inaccuracy
Range Per Degree C Per Degree C
5mV =0.0022 mvy
10 mV +0.0028 mV
20 mV +0.0040 mV
50 mV £0.0076 mV
100 mV +0.0136 mV
200 mV £0.0256 mV
500 mV < +0.0816 mV
1V +0.0001 V +0.01%
av +0.0002V
BV +0.00068 V
10V +0.0012V
20V 00024V
50V £0.0060 V
WV +0.0120V

**Aegﬁﬂcy specifications assume |offset| < full-scale range and a signal sovree resistance <
10

C-2
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Constant Percent Reading glg‘g*’gg;gggg acy
Range Inaccuracy Inaccuracy (A/D Converter Counts)
SmV +6
10 mV 45
20 mV L4 +0.055%
50 mV and up +53
Constant Percent Reading ﬁm‘ﬁéﬁ%‘;ﬁf%a ot
25D 8]
e tnscouray tnacouracy oA bl
5mV +0.88
HmV +(0.56
+
20V, +0.40 +0.01%
50 mV and up 40,30

Scaling Without Using the SC Instruction

The plotter movemenis are in terms of plotter units where a plotier unit
= 0.025 mm. While the plotter can be scaled into user units using the 8C
instruction, it may be convenient for you to write programs where numbers
to be plotted are in some units other than plotter units. These “user units”
can be converted into plotter units by the computer using the following
equations:

P2y — PL P2y —P1

- U2x — Uly . E}z}; —Ulx

P2y —Ply P2y — Piy

Y. mm | i | Ao e Py - Uy |
et [UZY - U1Y] AR [T Ulj

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,
P1y is the X-coordinate of P1 in plotter units,
Ply is the Y-coordinate of P1 in plotier units,
P2y is the X-coordinate of P2 in plotter units,
P2y is the Y-coordipate of P2 in plotter units,
Uiy is the X-coordinate of P1 in user units,
Ulyis the Y-coordinate of Pl in user units, ,
125 is the X-coordinate of P2 in user units, and
T2y ie the Y-coordinate of P2 in user units.

The following example is included to demonstrate the use of scaling
equations.

PROBLEM

Scale the platen area (P1 = 250,596 and P2 = 10250, 7796) into user units
where P1 = 0,0 and P2 = 25000, 18 000. At the center point (X = 12500,
Y = 9000), draw a circle with radius 2500 as shown on the following page.
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28 000 USER UNITS
SCLUTION
1. Recall that the eguations of a circle are:
X = ReosT
Y = RsinT

ot

where 0 <T < 2n

. Since we are to plot relative to a point that is not at the origin, an offset

Xo. Yo must be added to the circle equations. The offset in user units is:

- Xo=12500
Yo = 9000

. The desired circle equations are themn:

Ax = 3500cosT + 12500
Ay = 2500smT + 9000

Determine the user scale:

X=0t0 25000

Y =0 to 18000
therefore

le =0

Uly=0

U2y = 25000

U?A; = 18000

. Determine the values for Pl and P2 which were set using the IP

instruction:

P1 = 250,596

P2 == 10250,7796
therefore

Plx = 280

PlY = 505

P2y = 10250

PEY = {796
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10
20
30
40

&0 -

20
7O
B0

Solving for X and Y.

P2y — Ply P2y —Plx
X = | e A Pl Uly |
[ng ~ mj FTEST A [sz ~ Ul;J

10250 — 250 102560 — 250
T | e | (25 T 12 + 280 - (| e
[25000_“0](2000808 500) ;[25000—0}

=0.4 (2500cosT + 12500} + 250 - 0

= 1000cosT + 5250
r”PQY —Ply P2¢ — Ply
Y = | =2 Ay + Ply — Uly | et
UZYWU}.J e Y[UQY—Uh]
T796 — 596 7796 — 596
| TT96 B8 o 0sinT + 9000) -+ 596 — 0| A
18000 — 0 18000 — 0

= (.4 {2500sinT + 9000) + 596 — 0
= 1000sinT + 4196
Sending the following program will plot the required circle.

BUTPUT 7035;"IP250,538,10280,7788;8P1;"

FOR T=0 TO 2%PI STEF PI/20
K=1000%COS(TI+5250
Y=10C0%SINCT)+4138

BUTPUT 708;" PR X; ;" PI
NEXKT T

QUTPUT 705;"PU;SPO;Y

END
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HP-RL and HP-GL Error Messages

error 0 No error.

error 1 Instruction not recognized. The plotter has received an illegal
character sequence,

arror 2  Wrong number of parameters. Too many or too few parameters
have been sent with an instruction.

grror 3 Out-ofrange parameters.
error 4  Notused.

error  Unknown character set. A character set out of the range 0-4 has
been designated as either the standard or aliernate character set.

error 8  Position overflow. An attempt to draw a character (LB) or per-
form a CP that is located outside the plotter’s numeric limit of
—32 768 to +32767.

error 7  Not used.

error 8 Vector received while pinch wheels raised or servo inoperative.

The No-Operation Instructions

In order to maintain software compatibility with the HP 9872 plotter, the
HP 7090 recognizes seven HFP 9872related instructions as no-operation
(NOP) instructions. These seven NOP Instructions are:

Automaiic Pen Pickup AP Advance Full Page AF
Adaptive Velociiy VA Advance Half Page AH
Normal Velocity VN Enable Cutter EC
Page PG

If these instruetions are included in a program, they are recognized by the
HP 7090 and implemented as & NOP (i.e., they are ignored}.

ASCII Character Codes

Binary is often used as a code 1o represent not only numbers, but also
alphanumeric characters such as “A” or “.” or “x” or “2.” One of the most
commun binary codes used is ASCITL. ASCII is an eighi-bit code, contain-
ing seven data bits and one parity bit. The HP 7090 uses ASCII for most
1/0 operations. No parity bit is used. For example:

ASCIT ASCIT
Character Binary Code Decimal Code
A (1000001 65
B 01000010 66
? 00111111 83

1 American Standard Code for ¥nformation Interchange,
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A complete list of ASCII characters and their decimal representation and
the characters drawn by the plotter in each of the five character sets are

shown on the following pages. The five character sets are:

Set No. Description
Set O ANSI ASCHO
Set 1 HP 9825 Character Set
Set 2 French/German
Set 8 Scandinavian
Set 4 Spanish/Latin American
Decimal ASCII
Value Character All Sets
0 NULL No Operation (NOP)
1 SOH NOP
2 STX NOP
3 ETX End Label Instruction
4 ETO NOP
5 ENG NOP
& ACK NOP
i BEL NOP
8 BS ‘Backspace
9 =T NOF
10 LEF Line Feed
11 VT Inverse Line Feed
12 F¥ NOP
13 CR Carriage Retorn
14 80 Select Alternate Character Set
15 58I Select Standard Character Set
16 DLE NOP
17 BC1 NOP
18 DC2 NOP
19 DC3 NOP
20 BC4 NOP
21 NAK NOF
29 SYN NOP
23 ETB NOP
24 CAN NOP
75 EM NOF
26 suUB NOP
27 ESC NOFP
28 FB NOP
29 GB NOP
30 RS NOP
31 us NOP
32 sP Space

NOTE: Shaded characters have the automatic backspace feature.

HP 7090 ASCII Code
Definitions
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Appendix

(Glossary of Terms

Absolute plotting

Aliasing

Anisotropic scaling

Character space field

Clipping

Hard-clip limits

HP-GL

HE-IB

HP-RL

Isotropic scaling

Latched bits
Plotting area

Plotter unit

Plotter unit equivalent
Polling

Recording

Recording area

Plotting to a point whose location is specified relative to the reference
coordinate system origin (0,0).

Reconstruction of a signal using less than 2 digitized samples from each
cycle of the original signal.

~ Establishing user-units of unequal length in the X- and Y-axes.

The space occupied by a single character, together with the space between
i# and the next character and the space above the character which sepa-
rates it from the previous text line,

Exclusion of data with coordinate values that exceed the currently defined
recording or plotting area.

The boundaries which are automatically established to prevent drawing
off the paper.

Hewlett-Packard Graphics Language. The 1/0 instructions understood by
the HP 7090 that control the plotter functions,

Hewlett-Packard Interface Bus, HP's implementation of the IEEE stand-
ard 4881978 digital interface for programmable instrumentation.

Hewlett-Packard Recorder Language. The I/0 instructions understood by

- the HP 7000 that control the recorder and data acquisition functions.

Establishing user-units of equal length in the X- and Y-axes.
Bits which remain set to 1 until a specific action re-sets them to 0.

The area within the softclip limits, defined by the IW ir;stmcfion, where
labeling and plotter pen motion can oceur.

A plotter unit is 0.025 mm (0.00098 in.} in length and is the smallest move
that can be made.

The plotter unit coordinates of a point that is specified in user units.

The process used by the computer fo determine which device on the HP-IB
has initiated a require service message.

The act of filling the buffers or drawing a real-time plot.
The area where real-time and buffered data are plotted.

Glossary of Terms D-1



Reference coordinate
system

Relative plotiing

Scaling

Sofé-clip limits

Trigger

Windows

The two-dimensional Cartesian coordinate system that is scaled into plot-
ter units. The recording and plotting areas are mapped cnto these coordi-
nates via scaling points zero/full scale and P1/P2.

Plotting to a point whose location is specified relative to the current pen
position.

Dividing the recording area into units of velts and/ar time and the plotting
area into vser units.

A rectangular window set by the IW instruction to restrict programmed
pen motion. This window area has no effect on direct or buffered record-
ing traces or front-panel initiated labels.

The event which initiates data recording in the direct or buffered recording
modes.

See soft-clip iimits.

D-2  Glossary of Terms
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A/D Converter Counts . ..ovvr ittty 4-4
Above Level Triggering ..o ot i iirne i inaann 2-13, 3-14
Absolute Direction Instruction, DI ... e, 89, B.11
Absolute Plothng ..o iv i i st s 51,53, D1
Absolute Size Instruction, 8 ... .ot 813, B-18
Accuracy, Measurement .......o..ciiiiiiiiiiiiaoa. A 2-8,C2
Addressing the HP 7080 ...... e e e e 1-8
X T 1 o 1= R G 2.10
ASCI/Binary Transfer Speed . .....ooiiiiiiiiiinirinrnnens 4.5, 4.8
ASCTI Character Cotes ..o e et ctsaisiinanaranrnns C-8
ASCIIFormat .. .vvvevrriennenranaracanns e 43 .
Axes Deflriflons ... cvieiiiiiiia it i i 22,26, 52
Bargraphs ............ et aee e e 9.7, 99
Below Lavel Triggering ... ovrvirieiiieineanrenianesannes 213,314
BInary Format v irer i irarreee e st e i 4.3
Buffer FIIHng .. .viiniiii it iriririasincnanairncaenrosnnnans 1.2, 29, 41
Buffer FIUShINE o\ v vtveeet ettt ves e tenarrassaaraneennins 2.18
Buffered Recording Mode ... ooriinin e ciiiiinnenaens 1-2, 41
Bus Commands ....ovvrivssrveanerorrasrsarareccannanrrasicannran 112
OF N €571 o e+ S 87, B-10
COP INSTIUCHION vt v isisscasssasnnensnerenasernessarnnnns 319, B-14 |
O InstrulhiON . ovirneiaeviiaatntienenercncnrsereannnaanness &7, B-11
Carriage-Retarn Point ... ot i i i aiirtereiiaiasarras 83
Centimpetre Grid ......ooovieneenn et reetacara e 211,310
Channel Selection «.ovovirerrisrciriaraiarenniarsrisasnrsasssnas 246,32 -
Character
15T 21 7o <) R R N 1-4, 88, C.7
Feld ......... v a e et ettt £1,82, 83 D1
Helght ittt ii i nanrrrrmanionersnannoans e &3
20 1% o 7 7-4, 82, C8,C-8
S 13 = et aeeeeaeaerrareaes 88, C-7
DB ittt itee it h e naaas 82
12 b xSl o 031 ¢ 1 AP 81, 83
Character Plot Instruction, CP . ....vvrivrvirieisinnrnaannns 819, B-10
Character Slant Instruction, SL ... iiiiiiiiiiiinnien. 816, B-18
Character Space Field ... .ot iiiiiiaiinss 81,82,83,D1
CHPDINE v v vvereerrvesaesnenraceromacacansisrsssrssonsenns 27,61, D1
Connecting the HP 7080 .. ... ittt iorisaraaniraannares 1-8
Coordinate System, Reference ... v vvvivririiriarnriinnraneinas 2.2
Carrent Pen Posifion ....oivniiiiiiiiiiintntnncnnracrsrtcrnnnavaes 101
L7 O 11-2
DF INSErUCHON «tvetirtenerrracansane e ineeennerrinrannes 218, B-11
DG Tnstroction ....ooiiriverraarerinrrarrreicaaaanaonaa, 310, B1
U B eT:1 n 1L « AR 849, B-11

Subject
Index

Subject Index  SI-1
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B O T oY v Lor T o) + SRR U 42 B2
SRR TS nxs ocnts s« N O 811, B-11
Dl Instriction ..ot e 3-3, B-12
DC Offset Instruction, SV ... .. . o 3. B8
Data Acquisition .

ASCII Format ...t e e 43

BInary Format ... i i i e e 43

Buffered .o e e e e 1-2, 46

4o A RS 1.2, 45
Data Ou‘sput Instrueton, DO . ... i e 4.2, B-2
Date and Thme ..ttt it ettt e et 3-18, 319
Default Conditions '

Y o P 217

72T n e L= ol U U 2-18
Default Instroction, DF ......... e e et 2186, B-11
Default Limits

e o R 23

Rotated ... it i e i e 32
Define Terminator Instmct:{on 1 83 B12
Defining the Recording AYea ... ...c..iiirrririeiinnraaanrneennns 25
Designate Alternate Character Set Instruction, CA ......... ... 87, B-10
Designate Standard Character Set Instruction, €8 ............ 87, B-11
Device Clear ...o.iivn ittt ttiae e ste s taetersacrnnnanns 11.2
Direci Recording Mode ... ....oiiiiiiinni i ciiaaraneerecnencan., 1-1
Documentation forthe HP 7080 ... oo i, viii
Draw Grid Instruction, DG ... oo 310, B-1
Drawing Grids cvuvs e iierrnrevcrtoancorronrtascetesryraseaainess 2-11
ETX, End-of Text Characier ........coveiiireannnnnnnnnns 13,83, C7
B T 12-7
Error Messages ..o iorriiitcriiaa e riaaacnaraaraaaenaannnns 126, C6
Error Reporting ............ e et e eae et 128, 127
Example Usage ......... e e et 110
Extornal Trigger Mode ... oovriinriiiiiaiaaan . 212,514,122
Fillingand Hatching .....cvviiviiiiirir it ivvainaascinnans o-7
N Y2511 LT o 8 " N 62
Full Bcale Range Instruction, IR ... .o oot 35, B-3
FUll Beale/Zer0 o vvvt it einre s s cer s cannnrenacaeaaaaanns 21,22
GL Instruction .. ... i ittt inas 311, B2
Grids, DEawing ...cvvvreriinniirrnrers e risaasinanay 211, 310
Grid Divisions Instruction, GL .....ooviiniinnrannncrans 311, B2

SI-2  Subject Index
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HP-GL/HPRL Error Statts .. ..t iiniiiiiiiaeans 12-2,12-8, 12-7
HP-GL Instruction Set ... iiir e ee e carevanariannnnns 18, B-10
HP-IB Addressing ...ttt ie it e e cerr i 1-7
HP-IE Implementation ........oiiiiirnienrnrcareraroroneraarons 11-1
HP-IB SetlD oeivrrtniiiicant i erennanennaarsesaasaininaas 16, A1
HE- R Instruction Set .. vn e et 15, B-1
HP-RLand HP-GL Byntam ..ot i i e 13, B1
HardeeBp Limits ... oo 2.1 thru 24
Hatehing and FIlng ..o veiri i i i e naiaen e 9.7
Hewlett-Packard Interface Bus ... cciiiiiiiiiiinns, 11, A1
Hewlett-Packard Graphics Language ..............coi.t. 11, 1-6, B-10
Hewlett-Packard Recorder Language ... ..ot 11, 15, B-1
i

LY BN T= e ot 10 o K A O 12-7, B-12
B 53753 nig o110 + R 217, B-12
U R T3 7y Lo s « RSN 62, B-12
IRInstructon .......oovvviinnn.n et eraeanaeaa e 35, B-3
ITInstruction .......oevvvvennnns e et 318, B-3
EAT Tt e Toi Ty + S DI 618, B-13
IZ Instruction .......... N 33, B-3
IFC .......... e et aaa e e 11-2
O s 1= ) 11,17
Initialize Instruction, IN ... ... . . ittt eennaas 217, B-12
Input Mask Instruction, IM .. ... ... ittt 127, B-12
Input P1 and P2 Instruetion, IP ... .. ccoiiiiiiiiiinnann, 82, B-12
Input Window Instroction, TW . ..o i i as 613, B-18
Inside Window Triggering .....coiiiiiimii i iiiinanns 2-14, 8-14
Instruction Syntax, HP-RL and HP-GL, . ..., 1.3, B-1
Interface Clear ...ttt iirn it eatcrrannneairrenacararas 11-2
Interger Formmat ...ttt e eiaae i cnnantetans 1-8
Internal Trigger Mode .....ovviiiiir i iriieianenrieneas 212 514
LB Instruction .......... e e et aa e aran e e e &2, B-13
LOInsfruchion ....ooiiiit it iiiei it ricnnsiaraarennannnes 817, B-13
A Lot vE e o)+ PRI 75 B-14
Tabel Fields ..ooieiiiiii i i it ie e ericananncns 81,82 83, D-1
Tabel Instruction, LB .. oot i i it i i 82, B-18
Label Origin Instruction, TO . v i eriirieraennecnnaness 817, B-18
Label Terminator ..v.iniiiiini it et icteerttcencnnss 13,838, C.7
Label Time and Date Instraction, TD ... oo ann. 319, B9
Labeling with Variables ....vviinniiiiiiiir i iiiiirriarrncnannns 25
T U8 41t e s et e ea i se et encanrateataannareannarar e anaens 17
B o1l = R 1.3, 88, C.7
TR s -5 Y o - A 8.1
Line Type Instraction, LT ... o i ens 75, B-14
T3 2 1 L P DI S 17,111, A-1
Tocal/Rernote .. .ttt i iar i r et 112
Locate Syntax Error Instraction, OY ... .. iiiviiine... 128, B-18
Tocations, Scaling Point . ... . i i iie e 24,133

Subject

Index
(Continued)
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1 ST FaY=1 b e s 1« N 4.1, B4
L A B s 7o 7 V1 o1 ) o S A 4.2, B4
Manual TriggerMode ... ...ttt 212,314
Measurement ACCUIaCY «.ov. v e it e 2.8, 02
Measurement Start Instruction, MS ... ... ool 4-1, B-4
Measurement Terminate Instruction, MT ... ... ..ol 42 B-4
Mirror Images ... ... o i 611, 814, 8-21
Ne-Operation Instruthions ... i iiiiiier v caarannns ]
OA InSEruetion . ittt et e e iaa e 10-1, B14
OO LT 3T o 74 « SR 10-2, B-14
) D EaTcn wh P o 1o ) » S DU 125, B-14
OF Instruction ... croivrerr e iiceiieensarsasarissarasans 10-2, B-16
OH Instruction ......oooooiiiiii it i 24 B-15
(O oT-5n o e =13 s S 10-2, B-15
OO Instruction ..ottt i ien i iaere s 10-3, B-15
OP Instrioflon ... ...ttt ee e iiiaaiieaaeeeananaacaeeanns 84 R15
0I5 7T g 1 Ve n oo S 12-2, B-16
OW Ingtrtetion ..o r e et ii e ereeerreaaaesananaaeerannnann 6-15, B-15
0 ) F 11 n v 11« S 126, B-16
0 7/ PY = mx etene o S 10-3, B-16
Offset, DU ottt it i ini i e e reneansannss 2-6, 37, B8
Origin

CoordInale Sy oL t ittt stesiiientiiaiassnsrirennaraness 22

7 1+ e 8-17. B-13
Orentation, Coordinate System ...cvvririiniiirernnrrnsnsaras 2.3, 131
Qutput Actual Position and Pen Status Instruction, QA ....... 101, B14
Output Cornmand String Instruction, GZ .................... 103, B-1§
Qutput Commanded Position and

Pen Status Instruction, OC ... .o 102, B-14
Output Error Ingtruetion, OE .....oiiiivi it 125, B-14
Qutput Factors Instruction, OF ... . it 102, B-15
Output Hard-clip Limits Instruetion, OH ... ... o L. 24, B15
Output Identification Instruction, OL ... .o iiiiiia.t. 102, B-156
Output Options Instruction, 00 ... ... ... iiiiiiii.. 103, B-15
Output P1 and P2 Instruction, OFP ... . v, 64, B-15
Output Plotter Status Insbruetion, O8 ... ...l 122, B-15
Cutput Window Instruetion, OW .................... P 615, B-15
Outside Window Triggering ... ... . ot 213,314
B3 W BTt 20+ S N 53, B18
2 D 52T s T 1)+ SR S 52 B-18
| S 2T % 1 e () S 42 P4
PRINSIrUCOn ...ttt ittt 56, B-17
PE Inatruction .. i i i e 24, BT

Si<4 Subject Index
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2 W 37T5] 7176712+ RN 52, B17
o 117 -1« AP 11-4, 12.7, B-12
74 = SN 2-2,6-1
- Paper Size Instruction, PS ... 24, B-17
Parallel Poll ... . i s 11-3, 127, 12-8
Parameter Formats ... . .o e e 1-3
Parameter Interaction in Labeling Instractions ................... 8-21
Pattern NUmMDer ...ttt ittt 7-5,B-14
Pen DoWIL ottt ettt et e b a e 52, B-16
Pen Instructions, PUand PD ... oot 5-2, B-16, B-17
Pen Select Instruction, 8P ... i s 52, B-19
g Y T 52, B-17
Pen Valothy voviivieii it iraanencartianssasaniaesnnnens 58, B-20
Plot Absolute Instruchion, PA ... i iriiririrrnrrasinnnaauns 53,816
Plot Buffer Instruction, PL ... ireiiiiiiiiiicninirennianns 4.2 B4
Plot Relative Instruction, PR ... oo 56, B-17
Plotter Address ..vvvrrcernveanaaneerenacaananns e 1-8
Plotter Avea Scaling ..o iiiia i s 22,61, 64
Plotter Default Conditions ........ooveeenni... et 217
Plotter Instraction St ..ot a it 1-6
Plotter Symtax, HP 9872 ... ittt e 14
Plotter Uit . oottt rei e ieeiccmanrastnrnassarerranssnrannns Z-2
Plotter Unit Bguivalent ...t iiiiiiiienes 54, D-1
PlotinE ATEa o v ittt rs e e 22
Plotting with Variables ....cvvviiiirrrrrrsnrensariacrrancreiasrnes 57
Post- and Pre-Trigger Time Instruction, TG ...... ..o tn. 316, B9
Post-Trigger/ PreTriZEer oo eererriroerncerracranrannaenans 212 3-16
Programmed Versus Stand-Alone Operation ...........oiviininns 12
AT 61T TG v 1+ + R UGS 3-15, B4
QB Instruchion . ..vurveeeiaeennacioiovisrstonisrisrasnonnes 3-10, B4
AT T VT « A DR 125, B4
QD Instruction -...cvovenn e e eaeassueesarerarranearnre 4.5 B-5
AT [ T=10 o1 e 1)+ R 817, B5
QT Instruction . .i.ouveeeivinenrrrrrerrrrrar e eaaees 46, B5
QL INBIrUCHOn . .oviinrrierreaearssirrar it aiaeinaray 313, B
QM INSIMCHOD .. virier i ir s et ia s i 33, B&
OR Instruction ... oovierinnn oot 38, B5
QO Instruction ....c.veriiariiittarii ittt ey 12-3, B6
LA N3 7= s e T S SR 314, B6
QU INSErUcton «.venrvnncre e ranarrmcrecracnrrssasiossonsnnn 3-16, BS
OV Instrucfion .. .vuivtvinuneerinairesiraisrissiroansnscnnsras 38, B6
A5 T s o1 i o+ S U 318, B6
QZ InStruction ....vveriiaeneenrnrnrioiercncnrvsarrrseaencenan 35, B-7
{Querv Buffered A/D Data Samples Ins'é:rucuon Qo 48 B5
Query Channel Status Instruction, QC .....ooiiiviiiinnn s 12-5, B4
Query DU Offset Instroction, @V ..ovvveiiniiniriiiiiaciann 3-8, B6
Query Direct A/D Data Samples Instruction, QD ............... 4.5, B5
Query Full Scale Range Instruction, QR ........coiviinanits 34 BS
Query Grid Divistons Inatruction, QL ... iii i 313, B5

Subject

Index
(Continued)
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Query Post- and Pre-Trigger Time Instroction, QG ............. 317, B-5
Query Real Time Clock Instruction, QW ...................... 3-18, B6
Query Recorder Status Instruction, QS ...... ... e 12.3, B-6
Query Recording Mode Instruction, QM ... ..o viiiinnnn... 33, Bb
Query Total Time Instruction, @B .....ooiiiiiiiiin ... 3-10, B4
Guery Trigger Mode Instructon, QT ... ... ... ... 3-14,B-6
Query Trigger Level and Width Instruction, QA ............... 3-15, B4
Query Trigger Time Instruetion, QU ... ... ool L. 316,86
Query Zero and Full Scale Instruction, QZ ... ... .. ... ... 3-8, B-7
BE Instruction ..................... e 39 B.7
| SR FaTm T T o S N 11-2, B-7
RO Instrucfion ...ouvinr i e e et e e et 138, B-17
Range Sething ot oottt e e e e aan 28, 3-5
Real Formmal . it e e 14
Real- Time Clock Instruction, ITT ... ... . iviiiiiiinnnn.. 318, B-3
Recelving Data ...ttt e e 1-12
Recorder Default Conditions ................... e e, 2-18
Recorder Measurements

Buffered ....... et ee et 1.8, 2.5, 4-1

Data Acquisiflon .....ovviiriii it ciiannnnnns 12,25, 43 thm 46

DHrett e e s 11,25, 41
Recorder Setup Condibons ...t iiieeaiennnnn. 2-5
Recording Area ........voiuiiiinir i e 2-1
Recording Avea Scaling .......oov i it 26
Recording Mode

Buffered ...t 1-2

Direct .,......... e e ea e N 11
Recording Mode Instruction, BE ..ot i iniierennss 32, B7
Reference Coordinate System v ovvvntiireivninneeeenrrernenens. 22
Belative Direction Instruetion, DR ... ..o iirnnrrnnnnns 811, B-11
Relative Plothng ... i c et vas 51,56
Relative Size Instruction, SR .. .ovr i anas 815, B-19
Remote/Tocal Instruction, RL ..o e eceaanass 11-2, B-7
Resolullon ..o it e e, 28, 4-8, 6-6
Rotate Coordinate System Instruction, RO ............ e 133, B-17
Rotationn ............... e et m e aaai e 131
BA Instrtchon ..ottt e e e 88, B-18
SCInstruction .....ooiiiiiii i i 64, B-18
SD Imstructon . ..oviniiii i i e 44, B-7
=10 | U 11-2
SR sT=n g oo Ls) SR 813, B-18
BLImStrucHON ...ttt i et e eaaas 8.1¢, B-18
] =10 1T 1o o SR 7-4, B-19
SP Insbruction . ....oiiiiiniratrrrirr et 52, B-19
SRINBuction ........oiiiirniiiiii ittt eiaati ey 815, B-19
S INSEUCHON . . trrtire it e iia e enraeaaas 88, B-19
SV Instruction ....... et et e et eaa i 37, B8

516 Subject Index
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o 52V T - ORI 11-3, 127
Sample Delay Instruction, SD ... .o oo 44, B-7
Bample Rate ... vttt einsare e iarier v 1-1, 2.9, 44, 46
Scale Instruchion, 80 .. i i i i e e, 6-4, B-18
Scaling '

Gt . e 211, 311

PO AT ottt e i 2-1, 64

Recording ATOa ..ottt i 2.1, 26

Total THE ..ottt ittt it e e v e a e an e 2.9
Scaling Points

Pl P e e 21,23, 24,62

Zera/FullScale ... ... ... iiiiiiiiiiieniincnnreans 21, 2-3, 24,33
Sealing Without Using the SCInstruction ... ..o, C-3
Select Alternate Set Instruction, 8BA ... ..ooeiiiuins P 38, B-18

. Select Pen Instruction, SP ..o it i 52, B-19

Select Standard Set Instruction, 53 ..o i i i 88, B-19
Selective Davica Clear ... . oottty 11-2
Bending Data vt crar it et it 1-11
Berial Pall .. ety 113
Bervice Request . ..ovvurr ettt o e 11-3
Set Plotter or Recorder Status Instroction, X8 (... ..., 122, B-10
Setting the Scesling Points, P1/P2

Manually . e e i e 62

Programmatically ... ... i 82
Setup Condiflons ...t et iaar i i e 25
1] s 4% 4 s S DU 82, 87,88
] v 141 AU 82, 87,88
Signal Reconstruchion .. ..coviiiiiiieintitviaiarrasesiroseenans 2-10
Slant Instruction, Bl ..ot iiiiieriiiiirnrrrsairinaciinanns 816, B-18
Soft-CHp LAMItS . vovvvvereveriirrnensrareansaanancas 22, 2.3, 6-13, 132
Spacing Between Characters .....o..viiiiiiiiiiiniiirciinnnann, 82 83
o] e 13 v £ L+ 1 A C1
Stand-Alone Versus Programmed Operation ...........cooiivinenn 1-2
Standard Grid ..o rrre e e v e e 211, 3-10
Status Reporting ....vvviiiiiiinranronnnencreracannns 121 thru 12-8
Symbol Mode Instruction, SM ... ottt iiiaiia e 7-4, B-18
Syntax Compatibilby ... i e 14
Syntax Notatdons .. ... oviiriiiiiiiitiineseeinatannssenasonereans 1-4
Byntax SUMIDALY .. ir et ersaratiaasinaraaananesans B-1 thru B-20
FAINStrEctION . ovr et raias s saranantrtrsaneranrrnaeaan 315, B8
TR IStECHOIE oo vt vt eeennernnneanesrnnerensssanscnarnnssenns 38, B8
A DT FE03 e 1L L + S OV 318,B9
AT R rt:yn i e al s « O 316, B9
TS T ma) Tt o+ T 7-2, B-20
T INSTEECHON .ot tit i ivrneesr e aaam e e e eaaaearaasaraann 314, B4
A e ittt it et st et et tuasenartnsrsnanestrananans 1-7, 11-1, A
Ny 10 s hoT: 1o o 18,14
Tick Instructions X T and YT .. oov i Caes 7-1, B-26
Tick Length Instruction, TL .o ciir it iiinananeeaeens 7-2, B-20
T o 7-1

Subject

Index
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Timeand Date ... ... oot e 3-18, 3-18
Total Time Instruction, TB ... .o e 3-8, B-8
Total Time, Setding .. .vve it e e e eas s 29, 38, BS&
Trigger Level ... it eriiirineneinnnns 2-13 thru 2-16, 3-15
Trigger Level and Width Instruction, TA ... ... .. ... 315, B8
Trigger Mode Instruction, TM ... ... v 314, B8
Trigger Width . .. .. . e 2-13 thru 2-16, 3-15
Triggering
External ... e 212,314, 112
Intermal 2-12, 5314
Above Level .. e 2.13,3-14
Belowlevel ... ...t e 2-13, 314
Inside Window ... .iiuitiiiioiniiiieiiiriienaaean, 214,314
Outside WIndow ..ot i i 2-13, 314
Manual ..o e 212,314
Post-Trigger/PreTrigeer oot ieeiice e iaaans 2-12, 316
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