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Preface

How to Use this Book

This is a generic guide to HP-GL/2 (Hewlett-Packard’s standardized Graphics Language) and

HP RTL (Hewlett-Packard's Raster Transfer Language) supported by many HP graphics peripher-
als. This manual describes each of the instructions of HP-GL/2 and each of the commands of

HP RTL, without relying on a specific device or technology.

You must use a programming language in addition to HP-GL/2 or HP RTL. However, this book
will not teach you how to program your computer. Your method of programming will depend on
your computer system, the programming language you use, and your level of expertise. This
book, though, does give recommendations on getting the most from your device.

Organization of this Book
This book describes how to write programs using HP-GL/2 and HP RTL.

PART 1 deals with general concepts and principles.

e Chapter 1 on page 3 describes the concepts needed to create programs that use HP-GL/2 and
HP RTL, including plotting concepts, vector and raster images, defining the limits of your
picture, the coordinate system used, units of measure, and switching from one plotting
context to another.

PART 2 describes HP-GL/2.

e Chapter 2 on page 17 describes the groups of instructions that make up HP-GL/2, the status
of the pen and its location, how to scale pictures, and the notation used to define HP-GL/2
instructions.

e Chapter 30n page 29 describes the HP-GL/2 kernel, that is, the core set of instructions
supported by all HP-GL/2 devices. Each group is explained in detail, with examples. The
HP-GL/2 print model is also described.

e Chapter 4 on page 77 describes the groups of extension instructions, that are provided for
specific types of peripheral devices.

e Chapter 5on page 95 starts with a reference summary of all the HP-GL/2 instructions, in
alphabetical order of their names, and is followed by a complete description of all the HP-
GL/2 instructions, in alphabetical order of their two-letter acronyms.

e Chapter 6 on page 331 summarizes the elements of HP-GL/2 that are dependent on the
device in use.

PART 3 describes HP RTL.

e Chapter 7 on page 337 describes the concepts needed to create HP RTL raster programs. It
includes a description of the notation used to define HP RTL commands.

e Chapter 8 on page 341 explains how to set the limits of your images, how to set the image
resolution, how to scale images, and also describes the coordinate system used for placing
images on the page.

e Chapter 9 on page 351 describes how to define colors, the use of color modes and palettes,
and how to use indexes to select colors. It also explains how to use patterns.
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e Chapter 100n page 365 describes the interactions between picture elements. It explains
how patterns and texture relate to raster images through logical operations, the default print
model, and image and pattern transparency.

e Chapter 110n page 375 describes how to transfer raster data to the device. It includes a
description of what happens when overflow occurs, and the various supported methods of
compressing data.

e Chapter 120n page 391 describes the interactions between HP RTL and physical device
settings, HP-GL/2, and PJL.

e Chapter 130n page 397 contains some examples of HP RTL raster programs.

e Chapter 14 0n page 403 lists, in alphabetical order of their names, the HP RTL commands
used in raster programs.

e Chapter 150n page 455 contains a summary of the features of HP RTL that may vary from
device to device.

PART 4 consists of some general appendixes.
e Appendix A on page 461 has some programming hints on getting the best from your system.

e Appendix B on page 475 lists the logical operations used in HP-GL/2 and HP RTL.

e Appendix C on page 477 lists the fokind andvalueparameters used in the HP-GL/2 AD
(Alternate Font Definition) and SD (Standard Font Definition) instructions.

e A Glossaryof terms and abbreviations andladex follow at the end of the book.

Additional Documentation

The Product Comparison Guide for HP Languages on HP Plotters and Large-Format Rrinters
HP part number 5959-9734, shows the differences between the implementations of HP-GL/2 on
various HP devices.

ThePCL 5 Printer Language Technical Reference Mand#l part number 5961-0509, de-
scribes the commands of PCL 5.

ThePCL 5 Comparison GuidédP part number 5961-0602, describes which HP-GL/2 instruc-
tions are supported on HP LaserJet series printers.

ThePJL Technical Reference ManuddP part number 5010-3999, describes the Printer Job Lan-
guage.

Terms and Conventions Used in this Book

In this book, numbers are expressed using Sl (International System of Units) standards. Numbers
with more than four digits are placed in groups of three, separated by a space instead of a comma,
counting to both sides of the decimal point (for example, 54 321.123 45).

BOLDFACE type denotes an ASCII control character, sudbsas(escape)gR (carriage return),
LF (line feed), oETX (end-of-text).

All references to the RS-232-C interface apply equally to the CCITT V.24 interface.

See page 26 (for HP-GL/2) and page 338 (for HP RTL) for descriptions of other notational con-
ventions used in this book. The teimstructionrefers to the interface with HP-GL/2; the term
commands used consistently to refer to the interface with HP RTL or PCL. S&&dhksaryon

page 483 for explanations of other terms used.

This is the black on page iv (seq: 4)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Contents

) £ 1 iii
Contents ......couiiiiiiiiiiitiiineneeeenseesssssnssssnsnansnnans v
List of Figures ........coiiiiiiiiniinienrenrenssessssssssssssnsnns XV
PART 1: Introduction to Plotting and Printing Using HP-GL/2 and HP RTL 1
Chapter 1: Plotting and Printing ............ oottt 3
Plotting and Printing ConCepts ... ...ttt ittt 3
Vectors and Raster Images . . . ... ...t e 4
Graphics LIMits . .. ..ottt e e e 4
Hard-ClHp LImits . ... ..ot 5
Soft-Clip LIMItS .. ...ttt e e e e 6

The Coordinate SyStem . ... ... ...ttt e it 7
Absolute and Relative Movement .......... ...ttt 8
Interactions between Different Coordinate Systems ........................... 10

Units Of MEASUIE . ..ottt ettt e et e et e et e e 12
HP-GL/2 Units Of MEASUTE . . . ..ottt ettt e et e 12

HP RTL Units Of MEASUIE ... ...ttt ettt 12
Isotropic and Anisotropic Scaling .. .........oviuuiriin it 13

HP Printer Job Language (PJL) ... e 13
Context SWItChing . .. ... ... e 13
PART 2: HP-GL/2 ..ttt ittt iiiititieneeneneeencncncnnns 15
Chapter 2: Introduction to HP-GL/2 .........coiiiiiiiiiiiiininrnnnns 17
The Instruction GIOUPS ... ...ttt e 17
The Kernel ... ... 17

The EXTENSIONS . . ..ttt ettt et et e e e 20

Pen Status and Location .. ........iti it e 22
Pen Status ... ... 22

Pen Location . ... ... 23

SCAlINE . . ottt et e e 24
HP-GL/2 Syntax ... ..o e e 25
Notation Used in this Book to Present Instruction Syntax ...................... 26
Parameter Formats ......... ... 27
%

This is the black on page v (seq: 5)
This is the blue on page v (seq: 5)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Chapter 3: The HP-GL/2Kernel .........c.ciiiiiiiiiiiiiiiiiiinnne, 29

The Configuration and Status GToUp . .....ovtt ittt e 29
Establishing Default Conditions ........... ... ... 30
The Scaling Points, Pland P2 . ... ... . . i 31
Using Scaling Effectively . .. ... e e 33
Adapting the HP-GL/2 Coordinate System for Printers to Match the PCL System .. 37
3A8dapting the HP-GL/2 Coordinate System for Plotters to Match the HP RTL System ... . . ..
Windowing: Setting up Soft-Clip Limits ............c... i, 39
Rotating a Picture . ....... .. ... i e 40
Ending Your Program and Advancingthe Page ............................ ... 40

The Vector GIoup . . ... e e e e e e 41
Pen Up or DOWn .. .. o e 41
Drawing Lines . . ... ... i e 41
Drawing Circles ... ... ..ot e e 42
Drawing ATCS . ..ottt e 43
Angle of Rotation . .......... .. e 44

The Polygon Group ... ...ttt e e e e 44
Filling then Edging Compared with Edging then Filling ........................ 45
Using the Polygon Buffer ....... ... .. 45
Drawing Rectangles . ... ...t 46
Drawing Wedges . ... ..ottt e 47
Drawing Polygons .. ...t 49
Drawing Subpolygons .. ...t 50
Filling POlygons . . ... ...t 50

The Line and Fill Attributes Group ..........c..oieiiiin i, 53
Using Line Attributesand Types ............ ..ol 54
Using Fill TYpes . ..ot 56
Selecting a “Pen” and Changing Line Width .................. .. ..... ... ... 57

The Character GIOUP . ...ttt e 57
Working with the Character Cell ......... .. ... ... .. . i it 58
How Your Device Selects Fonts .......... .. ... i i 63
Using Labels . .. ... 64
Default Label Conditions .. ..........uiiuiiiinti i, 65
Character POSIHONING . ... .ovtt it e e e 66
Moving to the Carriage-Return Point .......... ... ... . .. . i, 66
Adding Carriage Returns and Line Feeds to Labels ........................... 69
Enhancing Labels . ........ . e 69

HP-GL/2Z Printing . .. ...ttt et e e e 73
Area Fills ... 73
The Kernel Print Model ........ ... e 74
Extended Print Model ......... .o 74
HP-GL/2, HP RTL, and PCL Print Models ........... .. ..o iiiiiiiiinaaie. 74

Vi

This is the black on page vi (seq: 6)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Chapter 4: The HP-GL/2 EXtensions ... ....covvetetieenrerencnsensnnns
The Technical Graphics EXtension ..............ueuuieiiiniiiin i,
Defininga Picture . ....... ...
Chords and Chord TOIerance . ...........c..viuuineinn i,
The Downloadable Set and User-Defined Characters .........................
Obtaining Device OULPUL . . ..o vttt ettt
Using Output INStructions ... ....uouttti et
Summary of Output Responses ............ ...
The Palette EXteNSION . . . ..o ottt e e e e
Defining Your Palette .......... ..o
The Dual-Context EXteNSiOn . .. ...ttt it
Using Dual-Context PCL or HP RTL Commands ....................coooon...
Modifications to HP-GL/2 Instructions in Dual-Context Mode ..................
The Digitizing EXtENsion ... ........uttunit i e
The Digitizing Procedure .......... ... i e
Digitizing with the Plotter .. ... .. .. .
The Advanced Drawing EXtension . ..............oouuiinioneineineinenennann.
Drawing Bezier CUrves . ... ...t et
The Advanced Text EXtENSION . . ... ...ttt et e

Chapter 5: HP-GL/2 Instruction Reference .................... ...t
AA, ATC ADSOIULE . ..o
AC, ANChOr COTNeT .ottt it et e e et e e e e e e e
AD, Alternate Font Definition ............. .. . i,
AR, Arc RelatiVe . . ..o e
AT, Absolute Arc Three Point . ... ... i e e
BP, Begin Plot .. ... o e
BR, Bezier Relative . ... i e e e
BZ,Bezier ADSOIULE . . ..ottt e e
CE Character FIll MOde . . . ..o e e e e e e
CL o CIrCle .ot e e
CO, COmMMENL . .\ttt e e e e e et e e e e e e e e
CP, Character Plot . . ..ot e e e e e
CR, Set Color Range for Relative Color Data ............ ... ...,
CT, Chord Tolerance Mode . ........coiirinin it e e et e
DG, Digitize Clear ... ... ...ttt e e e et e e
DE Default Values .. ... e
DI, Absolute Direction . .. ...ooi it e e e
DL, Download Character . . .......cott ittt ettt et et
DP, Digitize POInt ... ...
DR, Relative DIreCtion .. ...ttt ettt
DT, Define Label Terminator ... .. ...ttt e
DV, Define Variable Text Path . ......... .. i e
EA, Edge Rectangle Absolute . ......... .. i e
EC, Enable Cutter . ... ...t e e e e e

77
77
78
79
79
80
81
81
82
82
83
84
86
88
89
89
91
92
92

93

96

99
102
104
106
109
112
114
116
119
123
124
127
129
131
132
135
140
144
145
150
152
156
159

This is the black on page vii (seq: 7)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open

Vii



EP Edge Polygon . ...
ER, Edge Rectangle Relative ......... ...ttt
ES, EXtra Space ... ..ot e
EW, Edge Wedge . . ..o oot e e
FI, Primary Font Selection by ID . ...... .. . i
FN, Secondary Font Selection by ID . .. ... .ot
FP Fill Polygon ... ... e e e e
FR, Frame AdVancCe . ... ........ouiuiniii e e e e
S0 DR S 1 0 7 o TP
IN,INItIaliZe . . o . oot e e
IP Input Pland P2 .. ... e e
IR, Input Relative Pland P2 . ... .. . . e
IW, Input Window . ... ..o e e
LA, Line AttriDULES . . . oottt et e e e e
LB, Label . ...
LM, Label MOde . . ...t e e e e
LO, Label Origin . . . ..ottt ettt e e e e
0 00 51 T oL PP
MC, Merge Control ... ...t e e
MG, MESSAEE -« « e ettt e e e e e e e e e e e e e e e e
MT, Media TYPe .. ..ot e e e e
NP, Number of Pens . ..... ..o e
NR,Not Ready . .....cooii i e e e e
OD, Output Digitized Point and Pen Status .......... ... ... . ... ... i i..
OFE, Output EIT0r . ..o
OH, Output Hard-Clip Limits . . ... e
OI, Output Identification . ......... ...
OP, Output Pland P2 ... ... . e
OS, OUPUL StATUS .« .ottt ettt e e e e e e e e e
PA, PIot ADSOIULE . ..ottt e e e et e e e
PC, Pen Color ASSIgNMENt . .. ...ttt
PD, Pen Down ... e
PE, Polyline Encoded . ......... . i e
PG, Advance Full Page . ........ ...
PM, Polygon MOde . .. ...
PP, Pixel Placement . .. ..ottt e
PR, Plot Relative . .. ..o et e e
PS, PIOt Size . oot
PU, Pen Up .o e
PW, Pen Width . ... e
QL, Quality Level . .. ..o e
RA, Fill Rectangle Absolute .. ..........c.iiiuinei et
RE Raster Fill Definition . . .. ....u it e et e et
RO, Rotate Coordinate SYStem . . ... ..ovutu ettt
RP, Replot ..o e

160
162
165
167
171
173
175
177
179
185
187
190
193
196
202
204
207
211
216
218
219
221
223
224
225
227
228
229
231
233
235
237
239
245
247
251
253
255
258
260
263
265
268
271
275

viii

This is the black on page viii (seq: 8)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



RR, Fill Rectangle Relative . ....... .. o i e 277

RT, Relative Arc Three Point . ... o e e 280
SA, Select Alternate FOnt . ........ .. e 283
SB, Scalable or Bitmap Fonts .......... ... i e 284
SC,oScCale ..o e 286
SD, Standard Font Definition . .............iuiniiii e 292
SI, Absolute Character Siz€ . . ...ttt e e 294
SL, Character SIant . . .. ...ttt e e e e e 297
SM, Symbol Mode . . . ..ot e 299
SP oSelect Pen .. ..o e 302
SR, Relative Character SiZe . . ..ottt e e e e e 304
SS, Select Standard Font ... ... . 307
ST SOOIt « . vttt 308
SV, Screened VeCtOrS . ..ottt e e e e e e e 309
TD, Transparent Data ... ... .. e e 312
TR, Transparency Mode . . ... ..ot e e e 314
UL, User-Defined Line Type . ... ..ot e e ee 316
VS, Velocity Select . ... e 318
WG, Fill Wedge . . ..o vt et et e e e e 320
WU, Pen Width Unit Selection . ........ ...t 324

Chapter 6: Summary of HP-GL/2 Device Dependencies ................. 327

Functions Supported . . ... 327
Hardware and System Characteristics . .......... .o iiiniiiiiniiinneenn.. 328
Coordinate Ranges .. ...... ... 328
Chord Angles . .. ..o 329

Fill Types and Line Properties .. ....... ...ttt 329
Characters and FONtS ... ... ...t i e e 329
Pens and ColOrs . . . ..o ottt e 330
Initial Conditions ... .......ouuun it 330
PART 3: HPRTL ............. . ..., ettt 331
Chapter 7: HPRTL Concepts .......cciitiitenrenrenssnssencnnsnnss 333
Writing HP RTL DTIVETs ..ottt e et e et e e 333

HP RTL Command Syntax .. ... ......iuutetn et 334
Escape Sequences ... .. ...ttt e 334
Parameterized Escape SEqUeNCes ..........ovutuntiinne i, 335
Combining Commands . ..........ouuitinnt i e 336
Chapter 8: DefininganImage ............ccoiiiiiiiiiiiiiiiiinnnnnns 337
Setting Raster Boundaries .......... ... i e 337
Setting the Logical Page Size and Input Window in HP-GL/2 ................... 337

Setting the Width and Heightin HP RTL ........ ... ... ... .. ... oo, 338

iX

This is the black on page ix (seq: 9)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Raster Graphics . ... ...t e e e 340

Controlling Image Resolution ..............o oot 340
Continuous and Discrete Resolution . ............. .o o i it 341
Scaling Raster Images . . ... ..ot e 341
HowtoScaleanImage ..........oouiiiini i i 342
The Current Active Position (CAP) ... oo i e 343
Commands to Change the CAP . ... .. i 344
Negative MOTION . ..ttt e e e i 345

HP RTL Native Resolution Units ...........oooiiiiiiiinniiiiiiinneeeann 345
Chapter 9: Defining Colors .........ciiiiiiiiiiinrenrnnrseecensnnns 347
Primary ColOrs .. ...ttt e 347
Black and White References .......... ... . 348
Color-Definition Commands . ......... ..ottt 348
Specifying ColOrs . ..ottt e 348
Indexed Selection . . ... ...ttt 349
Direct SElection ... ...ttt e 349
Palettes . ..o e 349
Encoding Colors .. ..ottt e 350
COolor MOAES . . .ottt e 351
Black and White Mode ... ... . i 351
Simple Color Mode . ...t 351

HP RTLImaging Mode . ........oouiii e 351
HP-GL/2Imaging Mode . ....... ..ottt e 352
Defining the HP RTL Palette ......... ... oo, 352
Changing the Default Palette .......... .. ... ... . i il 353
Changing the Black and White References . .............. ... ... i, 353
Using HP RTL Indexes . ... ...t e 354
Multi-Plane Data . ... ...t e 354
Using Index 0 .. ... 355
Example: Programming the Color Palette ................. ... ... ... .. .. ... 356
Halftoning . ... 356
Patterns . ... o 357
Exporting Patterns to HP-GL/2 ... ... . . 358
Pattern Orientation . ... ........ioutt ittt 359
Chapter 10: Interactions between Picture Elements .................... 361
TEXEULE . oottt 362
Logical OPerations . .. .....veuut ettt et e et ettt 363
Which Logical Operation to Use? ....... ..ottt 364
The Default Print Model ........ .. e 365

This is the black on page x (seq: 10)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



TranSPATENICY . . . oottt ittt e e e e 366

Source and Pattern Both Opaque ........... ... 366
Source Opaque, Pattern Transparent ............ ..., 367
Source Transparent, Pattern Opaque ............ ...t 367
Source and Pattern Both Transparent ............ ..ot nnneenn.. 367
The Effect of Transparency . .. .......vetnn ettt 368
Chapter 11: TransmittingData ............ciiitiiiiiiiinrnecnennnns 371
Transferring Raster Data ........ ... i i e 371
Implicit Start Raster Graphics ......... ...t 372
Commandsin Raster Mode .......... ... it 372
Implicit End Raster Graphics . . ........oouuiiiiint i, 372
When Overflow OCCUIS . ..ottt e e e e 372
Plane-by-Plane Printing and Scaling . .......... ... .. i i 375
Compressing Data . . ... e 376
Row-Based Unencoded (Compression Method0) .............. ...t 377
Block-Based Unencoded (Compression Method4) ....................... ... 377
Run-Length Encoding (Compression Method 1) ............... ... it 379
TIFF Packbits Encoding (Compression Method2) .............. ... 379
Seed-Row or Delta-Row Encoding (Compression Method3) ................... 380
Adaptive Encoding (Compression Method5) ............. ..., 383
CCITT Encoding Methods . ... ..ot i 386

Chapter 12: Interactions between HP RTL and Other Systems .......... 387

Interactions with Physical Device Settings ............c...oiiiiiiiiiiiinennen.. 387
Interactions with HP-GL/2 . .. ... . e 387
Changing Language Contextsand Modes . ........... ... ... i i, 389
Transferring Pen Position and Palettes ............. ... ... . .. ... . .. 389
Merging Vectorand Raster Data .......... .. ... .. .. i i i 390

Printer Job Language (PJL) . .. ... 390
PJL Commands Supported on HP RTL Devices ......................oooit. 390
Example Showing the StructureofaPJLJob ........ ... ... ... o . 391
AppleTalK . . oo 391
Chapter 13: HP RTL Raster Programming Examples .................. 393
Example of RGB Color or Monochrome Data with Merged HP-GL/2 and no Scaling .. 393
Color RaSter ..o oo e 395
Monochrome Raster ....... ...t e 395
Example of CMY or KCMY Data without Scaling ............. ... ... . ... ... 396
Example of 24-bit RGB Datawith Scaling ............ ... ... o i, 397
Chapter 14: HP RTL Command Reference ............ccviviivnennns 399
AppleTalk Configuration . ... .........o ottt et 402
Assign Color INdeX . ...ttt e 403
Compression Method .. ... . e 404

Xi

This is the black on page xi (seq: 11)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Configure Image Data ....... .. i e 405

Current Pattern . ... ... 410
Destination Raster Height . ... ... .. 411
Destination Raster Width . ... .. 412
Download Pattern . . ... ..ot e 413
End Raster Graphics ...........iiiuiiiiii et 415
Enter HP-GL/2Mode . . ..o e 416
Enter RTL Mode . ..o e e e 418
Foreground ColOr . . ...ttt e e 419
Logical Operation . ... ... ...t e it 420
Move CAP Horizontal (Decipoints) . ........uuuittitiuiin i 421
Move CAP Horizontal (HP RTL Native Resolution Units) ......................... 422
Move CAP Vertical (HP RTL Native Resolution Units) ........................... 423
Negative MOLION .. ..ottt ettt et e e e e e e e e e e e 424
Pattern Control . ... e 426
Pattern ID . ... e 427
Pattern Reference Point . ... .. i 428
Pattern Transparency Mode . . ... .. i e 429
Push/Pop Palette .. ... ... o e 430
Raster Line Path ... ... o e 431
Render Algorithm . . ... ... e 432
RESet . oot e 433
Set Blue Parameter .. ... e 435
Set Graphics Resolution . . ... e 436
Set Green Parameter .. ...... ...ttt e 437
Set Red Parameter ... .........ioiuii i e 438
Simple Color ... o 439
Source Raster Height ..... ... . 441
Source Raster Width . .. ... .. e 442
Source Transparency Mode ........ ... i 443
Start Raster GraphiCs ....... ... 444
Transfer Raster Databy Plane .......... .. ... i i 445
Transfer Raster Databy Row/Block ........... ... . .. . i il 447
Universal Exit Language/Start of PJL . ... ... .. .. o i 448
Y OffSet .ot 449
Chapter 15: Summary of HP RTL Device Dependencies ................ 451
HP RTL CharacteristiCs . . ... .uuuuun ettt ettt et 451
PART 4: AppendiXxes .......ccouetieienrenrenrensssssssssssassonsans 455
Appendix A: Writing Efficient Programs—Some Tips .................. 457
Using a Programming Language ......... ... .ottt 458

Xii

This is the black on page xii (seq: 12)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Using HP-GL/2 With Programming Languages . . .............ccooiiiiinieineenn.. 458
Example: BASIC Language ..........ooutuniiitti it 459
Example: C Programming Language . .........c.ouitunniiiniiinnenneenn.. 459

Using HP RTL with Programming Languages . ...........oouiiiineinneennnann. 460

A Complete Graphics Program .......... ... i i 460
Initialization and Termination—Printer Reset ................ ... ... .. .. 460
Starting a Program . ... . 461
The Body of a Program . ........ ..ot i i 461
Switching Modes .. ...t e 461
Ending a Program ........ .. ... e 462

Using HP-GL/2 Instructions and HP RTL Commands ............................. 463
NOP’d Instructions and Commands . ...........oeittttmnneeeeennnnnneeennn 463
Combined Commands . . ... ...ttt e 463
Output INSEIUCHIONS . . v vttt e ettt e e et e et e e e i 463

Making Efficient Use of Your System ... ... ... .ot 463
Gettingto Know HP-GL/2 ... ... e 463
Performance . .. ...... ... i 465
Host Computer Resources . ...........oiuiiiiint it 465
MEMOTY SIZE . . o oottt et e e e e e 465
Configure Image Data Command .......... ... . ..., 465
PCL Commands . . .....ouutini ettt i 465
Print Data ... ..o e 466
Print OVerrun . .. ... e e e e 466
Page Protection ...........co.iiiniii e 466
Input/Output . ... ... 466

Page Layout and Positioning . .............uiiuineiinii i 467
Page Orientationand Size ........... .. ... i i 467
Areaofthe Output ... .. 467
Zero Filling . . ..o oo 467
Moving the Current Active Position .............. .. .. ... .. il 467

Preparing Your Data . ... 468
Raster GraphiCs . ... ... oo e 468
Data COmMPIESSION . .. ..ottt et 468
Sending Raster Data ....... ... . i 468
Merged Vectorand Raster Data ....... ... ... i 468
Scaling Raster Images .. ... ...ttt e e 469
TranSPaArenCy .. ... ..ottt 469

USING COlOT . .ttt e e e e e e 469
KCMY Operation ... ...ttt et et e i i 469
Color Palette Operations ... .........ue et tun et in i, 470

USET OPETALIONS . . o\ vttt et ettt et et e e e e e e e e ettt ee 470

TroubleshOOting . ... ...t 470

Xiii

This is the black on page xiii (seq: 13)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Appendix B: Logical Operations ..........cccitiiiiiiiiiiiiinenennns 471

Appendix C: Font Definitions ...........cciiiiiiiiiiiiiiiiiinnennns 473
Kind 1: Symbol Set .. ... i e 473
Kind 2: Font Spacing ... ....oo it e 474
Kind 3: Pitch . . ..o e 475
Kind4: Height . ... e 475
Kind 5: POStUIE . . ..ottt e 475
Kind 6: Stroke Weight .. ... .. 475
Kind 7: Typeface . ...t 476
Glossary of Terms and Abbreviations ...........cciviiiiininnrnncenns 479
Index ...onvniiiiiiiiiii ittt ittt ittt 491
Xiv

This is the black on page xiv (seq: 14)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



List of Figures

Figure 1. Vectors and Raster Images ............. .. ..o iiiiiiiiiie. 4
Figure 2. Hard-Clip and Soft-Clip Limits and the Effective Window ............. 5
Figure 3. Hard-Clip Limits ........... .ottt i, 5
Figure 4. Image Before Applying Soft-Clip Limits ......................... ... 6
Figure 5. Image After Applying Soft-Clip Limits ............. .. ........ .. ... 6
Figure 6. Coordinate SyStem . ...........uuiiinintini i, 7
Figure 7. Origin of Coordinates ..............c.ouiiuiniiiineiinneennneennn. 8
Figure 8. Absolute MOVEMENT . .. oo vttt ettt ettt 8
Figure 9. Relative Movement . ............ooiuuiiinineiiineiinenneennn. 9
Figure 10. HP RTL, PCL, and HP-GL/2 Coordinate Systems ................... 10
Figure 11. Effects of Rotation on the Coordinate System ...................... 11
Figure 12. Isotropic and Anisotropic Scaling ................. ..., 13
Figure 13. Switching from One Context to Another ............. ... ... 13
Figure 14. User-Unit Scaling with Default Pland P2 .......................... 32
Figure 15. Same User-Unit Scaling with New Pland P2 ....................... 32
Figure 16. New P1 and P2 User-Unit Scaling with Negative Values .............. 33
Figure 17. Changing the Size ofaDrawing ......... ... ... ... .. .. . .. ... 34
Figure 18. Drawing Pictures Side-by-Side ....... ... ... ... ... .. . 35
Figure 19. Creating Mirror Images ......... .. ... ... 36
Figure 20. Matching the HP-GL/2 and PCL Coordinate Systems ................ 37
Figure 21. Coincident Coordinate Systems .............. ... .. 39
Figure 22. Line Segments and Windows . .. ......... ... i, 39
Figure 23. Rotatinga Picture ....... ... .. i 40
Figure 24. Drawing Lines . ... ...ttt e e 42
Figure 25. Drawing Circles and ATCS . ........cuuiiiiineeineinenneennn. 42
Figure 26. Arcs through Three Given Points .................. ... ... ... ... 43
Figure 27. Angle of Rotation ......... ..., 44
Figure 28. Filling and Edging Charts ............ ... ... ... . oo e, 45
Figure 29. Drawinga Rectangle .......... ... ... i i, 46
Figure 30. Filled Rectangles, with and without Edges ...................... ... 47
Figure 31. How Wedgesare Drawn ............. ... ... ... . i iiiiiiaiie, 47
Figure 32. Simple Wedge . ...... ..o 48
Figure 33. Filled Wedgesand Circles .............oouniiiiniiiininneenn.. 49
Figure 34. Drawing Subpolygons . ........ .. ... . i i 50
Figure 35. Filling Polygons: Even/Odd Fill Method ........................ ... 51
Figure 36. Filling Polygons: Non-Zero Winding Fill Method ................... 51
Figure 37. Counting Pointsina Polygon ............ ... ... . ... ... . ..., 53
Figure 38. Line Ends Attribute .......... ... .. i 54
Figure 39. Different Pen Widths and Line Types .. ............. ..., 55
XV

This is the black on page xv (seq: 15)
This is the blue on page xv (seq: 15)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Figure 40. Fill TYPes .. ...ttt e e e i
Figure 41. Fill Area Anchor COorner .............oouuuinineeiiinninnneennn
Figure 42. Character Celland HP-GL/2 . ......... .. .. ... ... it
Figure 43. Scalable and Bitmap Character Cell ......................... ... ...
Figure 44. Stick Font Character Cell ............. .. ... e,
Figure 45. Fixed-Spaced Font .......... .. o i
Figure 46. Proportionally-SpacedFont ........... .. .. ... ... ... . .
Figure 47. Printing Labels ....... ...
Figure 48. Label Orientation and Direction ................. .. ...
Figure 49. DV Instruction . ......... ...ttt
Figure 50. Label Origin Instruction to Center Text .............. ...t
Figure 51. Bezier CUIVE .. ..ottt e e ees
Figure 52. Chord Angle ........ ... e
Figure 53. Changing Arc Smoothness with the Chord Angle ....................
Figure 54. Varying the Chord Angle . ........ ..o i,
Figure 55. Using the AC (Anchor Corner) Instruction . ........................
Figure 56. Using the AR (Arc Relative) Instruction to Draw Arcs ...............
Figure 57. Collinear Points with the Intermediate Point outside the End Points . . . .
Figure 58. Drawing Arcs through Three Points . ........... ... ... ... ... ... ..
Figure 59. Bezier Curves Using Relative Coordinates .........................
Figure 60. Bezier Curves Using Absolute Coordinates ........................
Figure 61. Character Fill Overflow ...... ... .. .. . i i
Figure 62. Using the CF (Character Fill) Instruction ..........................
Figure 63. Effects of Chord Angle on Circle Smoothness. ......................
Figure 64. Drawing Circles with Different Radii and Line Types ................
Figure 65. Interaction of Label Direction and Parameter Sign ..................
Figure 66. Labeling with a Vertical Text Path ............ ... ... . ... ... ...
Figure 67. CP (Character Plot) Instruction ............... ...,
Figure 68. Chord Tolerance Mode ........... ..o it iiininneenn..
Figure 69. Character Slope Riseand Run ................... .. . ... . ...
Figure 70. Effect of Horizontal and Vertical Text Paths .................. ... ...
Figure 71. Scalable Versus Bitmap Variable Text Path Printing ..................
Figure 72. Label Print Direction Riseand Run ............... ... ....... .. ...
Figure 73. Varying Print Direction with the DI Instruction .....................
Figure 74. Using the DI (Absolute Direction) Instruction with Labels ...........
Figure 75. Creating a Downloaded Character ................ .. . ..oooviie.
Figure 76. Rise and Run Parameters ............. .. ... ... . iiiiiiniin.
Figure 77. Effects of Different Rise/Run Parameters ..........................
Figure 78. Effects of P1 and P2 on Label Direction with the DR Instruction ......
Figure 79. Varying Print Direction with the DR Instruction ....................
Figure 80. Using the DR (Relative Direction) Instruction with Labels ...........
Figure 81. Four Text Paths ........ ...
Figure 82. DV Instruction Character Position for Normal (0) Parameter .........
Figure 83. DV Instruction Character Position for Reverse (1) Parameter .........
Figure 84. Using the Define Variable Text Path (DV) Instruction with Labels .. ...

56
56
59
60
61
62
62
65
70
71
71
92
97
97
98
101
105
107
108
113
115
117
118
121
122
125
125
126
130
136
136
136
137
138
139
143
145
146
147
148
149
153
153
154
155

XVi

This is the black on page xvi (seq: 16)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Figure 85. Simple Edged Rectangle ............. ... ... i it 156
Figure 86. Using the EA (Edge Rectangle Absolute) Instruction ................ 158
Figure 87. Using the EP (Edge Polygon) Instruction .......................... 161
Figure 88. ER (Edge Rectangle Relative) Instruction ......................... 162
Figure 89. Using the ER (Edge Rectangle Relative) Instruction ................ 164
Figure 90. Adding Extra SpacetoLabels ........... ... ... .. it 166
Figure 91. Anisotropic and Isotropic Scaling of Wedges ....................... 168
Figure 92. Wedges with Positive and Negative Radii ....................... ... 168
Figure 93. ASimple Pie Chart ..........c i i 170
Figure 94. Printing Labels Using the PrimaryFont .......... .. .. .. ... ... 172
Figure 95. Printing Labels Using the SecondaryFont ....................... ... 174
Figure 96. Fillinga Polygon ........ ... 176
Figure 97. Shading Patterns ........ ... . i 181
Figure 98. User-Defined Fill Pattern .............. ... .o iiiiiiiiiniie. 182
Figure 99. Patternsfor Fill Type 21 ... ...t 182
Figure 100. Rectangles with Different Fill Types .. ........ ... ... ... ... 184
Figure 101. Default P1/P2 Locations for an 8-inch by 10-inch Page .............. 188
Figure 102. Example Using IR 25,25,75,75 ... .. i 191
Figure 103. Example Using IR —50,0,200,100 ........ ... ..., 191
Figure 104. Effective Window . ........ ... i i 194
Figure 105. How the IW (Input Window) Instruction Clips . .................... 195
Figure 106. Four Line Ends ........ ... i i 197
Figure 107. Five Line JOIns . ........oi ittt 198
Figure 108. Overlapping Line Ends without Line Join Selection ................ 199
Figure 109. Miter Limit . ........ ... i i i 199
Figure 110. Miter Limit Clipping ..........ootuiiinnii i, 200
Figure 111. Line Attributes Example .......... ... ... .. 201
Figure 112. Printing Two-Byte Characters ................... . oiiiiiiii.. 206
Figure 113. Label Origin Positioning .......... ..., 208
Figure 114. Hanging Labels from Various Points ............................. 210
Figure 115. Line Type Patterns and Pattern Percentages ....................... 212
Figure 116. Rectangles Drawn with Fixed and Adaptive Line Types ............. 215
Figure 117. Using the PD (Pen Down) Instruction ................ ..., 238
Figure 118. Triangle Drawn Using the PE (Polyline Encoded) Instruction ........ 244
Figure 119. Example that Uses PolygonMode ............... ... ...... ... ... 250
Figure 120. Pixel Placement . ....... ... i i 251
Figure 121. Plotting Using Relative Coordinates .......................... ... 254
Figure 122. How Plot Size Affects the Coordinate System ..................... 256
Figure 123. Origin and Orientation for Other Devices ......................... 257
Figure 124. Pen Width ... ... 261
Figure 125. Fill Rectangle Absolute ............ ..ot iiiiiiiiinneeen. 265
Figure 126. Filling a Rectangle Specified by Absolute Coordinates .............. 267
Figure 127. Raster Fill Definition ........... ... i 269
Figure 128. Using the RO Instruction without Using the IP Instruction .......... 272
Figure 129. Using IP and IW after the RO Instruction ........................ 273

XVii

This is the black on page xvii (seq: 17)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Figure 130.
Figure 131.
Figure 132.
Figure 133.
Figure 134.
Figure 135.
Figure 136.
Figure 137.
Figure 138.
Figure 139.
Figure 140.
Figure 141.
Figure 142.
Figure 143.
Figure 144.
Figure 145.
Figure 146.
Figure 147.
Figure 148.
Figure 149.
Figure 150.
Figure 151.
Figure 152.
Figure 153.
Figure 154.
Figure 155.
Figure 156.
Figure 157.
Figure 158.
Figure 159.
Figure 160.
Figure 161.
Figure 162.
Figure 163.
Figure 164.
Figure 165.
Figure 166.
Figure 167.
Figure 168.
Figure 169.
Figure 170.
Figure 171.
Figure 172.
Figure 173.

Using IP after the RO Instruction ................ ... coooooun...
Fill Rectangle Relative . ....... ... i,
Filling Rectangles with Different Patterns Using Relative Coordinates .
Relative Arc Three Point with Intermediate Point Outside End Points .
Example Using the RT Instruction ...............ooiiiiiiinaaa...
Isotropic Scaling . ........ouiiiri i
Left and Bottom Parameters Setto0or 100% .....................
Example of Plotting beyond the P1/P2 Limits ......................
Specifying Absolute Character Sizes .............. ...,
SI Instruction with Negative Width . ........ ... .. .. .. ... ...
SI Instruction with Negative Height ................ ... ... .. ...
SI Instruction with Negative Width and Height ....................
Character Slant . ... ... .
Slanting to the Leftand tothe Right .......................... ...
Drawing Symbols . ...... ...
Using the SR Instruction ......... ... .o i,
Patterns for Fill Type 21 ... ... oo e
Transparency Mode On . ... ...t i i
Transparency Mode Off .. ... ... ... i i
Using a User-Defined Line Type ........ ... ... .o,
Fill Wedge with Isotropic or Anisotropic Scaling ...................
Terminology Used with Wedges ......... ... ... ... .. o it
Wedge with a Negative Radius .......... ... ... ... oo,
Pie-Chart .. ... o
Using HP-GL/2 to Set Page Size and Window Size ..................
Setting the Width and Heightin HP RTL .........................
Specifying Scaling Parameters . .................. .. ... il
HP-GL/2 and HP RTL Page Orientations .........................
Planes of Primary Colors . ........cooiiiiiiiii i,
Pattern Reference Point . ....... ... .. o i i
HP RTL Pattern Orientation ... ........c..oiiiiniinnenneenn..
HP-GL/2 Pattern Orientation for Portrait Layout ..................
HP-GL/2 Pattern Orientation for Landscape Layout ................
Forming a New Image Using Color, Pattern, and Source Image ... . . ...
Creating an Image with Transparent “White” Source Pixels ..........
Creating an Image with Transparent “White” Source and Pattern Pixels
Creating an Image with Color and Transparent “White” Pixels .......
Creating an Image with Color Using Opaque Transparency Modes . . . .
Creating a Color Image with Source Opaque and Pattern Transparent

Creating a Color Image with Source Transparent and Pattern Opaque

Pagetobe Printed ....... ... i
Output asit AppearsonMedia .. ........cooviiiiiiin ..
Shading Patterns . ......... .ot
Using a Programming Language (BASIC or C) to Draw a Triangle . . ..

273
277
279
281
282
288
289
290
296
296
296
296
297
298
301
306
311
314
315
317
321
322
322
323
337
338
343
344
347
358
359
359
359
363
365
365
366
368
369
369
373
374
427
459

XViii

This is the black on page xviii (seq: 18)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



&

PART 1. Introduction to Plotting and
Printing Using HP-GL/2 and HP RTL

This Part contains the following sections:
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Chapter 1. Plotting and Printing

PLOTTING &
PRINTING

Plotting and Printing Concepts

There are three types of object that you may want to print or plot on your HP device: vectors,
images, and characters.

Vectorobjects are composed of straight lines, and are normally defined using the instructions of
HP-GL/2. Combinations of straight lines can be used to form rectangles and other polygons.
They can also be used to create curves, and HP-GL/2 contains instructions that let you create
arcs, circles, ellipses, and more complex curves. You can also use HP-GL/2 instructions to fill
areas with patterns of various types. HP-GL/2 is also used to defilogitted page picture

frame, or window which is that part of the physical page on which objects are placed.

Charactersare normally printed using the commands of the PCL Printer Language, which give
you access to a wide range of character $at¢s]. PCL also allows you to define graphics

limits. See théCL 5 Technical Reference Mandat more information about these com-

mands. HP-GL/2 can also be used to create character labels (text) that appear on drawings.

Imageobjects, such as scanned photographs or other objects, are normally placed on the
printed or plotted page using the commands of Hewlett-Packard’s Raster Transfer Language,
HP RTL. You can also use HP RTL to shade areas. HP RTL is essentially a subset of PCL.

You can use HP-GL/2 in conjunction with either PCL or HP RTL to create different parts of a
single drawing or picture, or to create consecutive pages in different environments. There are
commands and instructions that allow you to switch from one environment to another. Plotters
and printers that support both HP-GL/2 and HP RTL or PCL are descridedlasontextde-

vices.

Printing with HP-GL/2 requires leaving the PCL or HP RTL mode and entering HP-GL/2 mode.
Switching between modes involves only a few commands or instructions, and software applica-
tions may easily switch between the modes as needed.

HP-GL/2 graphics may be created within application software, or imported from existing ap-
plications. For various types of images (many technical drawings and business graphics, for
example), it is advantageous to use vector graphics instead of raster graphics. The advantages
include faster I/O transfer of large objects and smaller disk storage requirements.

As a guideline, use raster graphics for small, complex images, or those images that cannot be
accomplished with HP-GL/2 (such as scanned photographs). Use HP-GL/2 for images that
would involve a large amount of 1/O data transfer if printed using raster graphics, or for draw-
ings that are already in HP-GL/2 format. If the image is easier to describe using vectors instead
of raster lines, it usually prints faster using HP-GL/2.

Further detailed discussion of PCL is beyond the scope of this book, except where it directly
interacts with HP-GL/2 and HP RTL; for more information about PCL, refer to the books listed
in thePrefaceon page iii.
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Vectors and Raster Images

Your plotter or printer produces output from two types of data: vector or r&sietordata

defines the data as a series of straight lines, or vecastsydatadefines it in terms of the

pixels or dots, that make up the image. As you can see in the following example, even straight
lines are composed of a series of dots in raster images.

B C
90° 45°

14°

Vectors Raster image

Figure 1. Vectors and Raster Images

Pen plotters are vector devices; that is, they receive vector data and produce vector output.
Printers, both ink jet and laser, and ink jet and electrostatic plotters are raster devices. Howev-
er, not all raster devices accept and handle data the same way. For example, your raster device
may be able to accept vector data, which it then converts into raster data before printing or plot-
ting. Additionally, your raster deviganaybe able to accept raster data directly, thereby saving

the processing time of vector-to-raster conversion, which may be significant.

Graphics Limits

Thephysical pages the actual piece (sheet or roll) of media, the paper or other substance on
which the device is to print or plot its output. The term is also used to refer to the size of the
media.

The area available for printing or plotting usually does not extend to the limits of your paper or
other media. There is a physical limit beyond which your device cannot draw. This limit pro-
vides a neat margin for holding the media, and prevents the smearing of ink by pen-plotter
pinch rollers and loss of vacuum on electrostatic plotters and printers.

The device recognizes two types of graphics limits:

e Hard-clip limits

e Soft-clip limits.

Hard-clip limit refers to a physical boundary beyond which, for example, a pen cannot move.
Soft-clip limit refers to a boundary set by a program, and allows pen movement only within its
borders. Similarly, ink jet and other plotters and printers have physical limits and program-set
limits beyond which no plotting or printing occurs. You can set soft-clip limits at any time in

your program. When you switch on or initialize the device, the hard-clip and soft-clip limits
are the same.
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Figure 2. Hard-Clip and Soft-Clip Limits and the Effective Window

Hard-Clip Limits

The hard-clip limits represent the physical boundary beyond which the device cannot plot or
print data. These are device-dependent boundaries. Some devices can automatically sense the
media size and set the hard-clip limits inside the media edges. One margin is often larger than
the others; refer to the documentation for your device for details of page sizes. The hard-clip
limits are also referred to as tlugjical page

Hard-clip limits
i Edge of page

| |
I |
I
Edge of |
pgge > I Printable areal | _ | Hard-clip
I | I Printable area 14— limits
| | | |
| |
| |

e -
. |
Figure 3. Hard-Clip Limits
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Soft-Clip Limits

Soft-clip limits temporarily restrict the positioning of data to a specified area of the page.
These limits let you draw attention to a particular set of data and they are oftemiatled's
Usually soft-clip limits ensure that nothing is drawn beyond a particular portion of the page.

For example, look at the following sketch of a public library:

‘JIIIII]WI il

Figure 4. Image Before Applying Soft-Clip Limits

After printing the full picture, suppose that you decide to draw a new picture showing only the
entrance area, using the space around it for text. To create the new image, just add soft-clip
limits to temporarily restrict printing to the part that you want. Then add program lines to ex-

tend the soft-clip limits and add the text. Refer to the next illustration:

You can add
text here

Figure 5. Image After Applying Soft-Clip Limits
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The Coordinate System

HP-GL/2, PCL, and HP RTL all use a Cartesian Coordinate System, which is a grid forme
two perpendicular axes, usually called the X-axis and Y-axis (refer to Figure 6). The inters
tion of the axes is called the origin of the system and has a location of (0,0).

PLOTTING &
PRINTING

Y-axis
N

%4

i (SIS)

(-2[2) Ofigin (6]2)

t t00)
- | P (149,0)
T, -+ X-axis

-10 49 -B 7 13 12 H 1 > 8 4 5 6 7 8 9 10

L 4
N

A d
| (-24-2) (6.1-2)
(6.1-3)

-"‘ }

Figure 6. Coordinate System

To locate any point on the grid, move from the origin a number of units along the X-axis, then
move a humber of units parallel to the Y-axis. The number of units you move matches a coordi-
nate location. Each point is designated by the combination of its X-coordinate and
Y-coordinate, known as an X,Y coordinate pair. In the figure above, positive X values are
plotted to the right of the origin, and positive Y values are plotted above the origin.

Study the figure above to locate these points: (0,0); (-2,2); (6,2); (6,3); (10,0); (6,-3); (6,—2);
(-2,-2); (0,0). Draw a straight line between each point in the order listed. (You should have
drawn an arrow pointing right.) This is a simple demonstration of how to define a vector pic-
ture in HP-GL/2 mode.

Note: To specify a point when programming an application, you must always give a complete
X,Y coordinate pair; the X coordinate is first and the Y coordinate second. This book shows
coordinate pairs in parentheses (X,Y) for clarity. Dousg parentheses in your instruction
sequence.

Using the default HP-GL/2 coordinate system, the origin for “printers” (see page 10) is in the
lower-leftcorner of the window, as shown in the figure below. Using the IP or IR instruction,
you can move the origin to other locations. Then, using the SC instruction, you can define
practically any units for your coordinate system. Seimg Scaling Effectivelgn page 33.

In HP-GL/2 for “plotters” (see page 10) using portrait orientation, the origin is umpber-left
corner, and increasing Y-values @crossthe page. In HP-GL/2 for “plotters” using landscape
orientation, the origin is in thepper-rightcorner, and increasing Y-values dmvnthe page.

In HP RTL and PCL, the origin is in thgpper-leftcorner, and increasing Y-values dmwnthe
page. The HP RTL coordinate system is describ&th&Current Active Position (CABh

page 347, and interactions between different coordinate systems are explained on page 10.
Adapting the HP-GL/2 system to match PCL and HP RTL is described on pages 37 and 38.
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Figure 7. Origin of Coordinates

Absolute and Relative Movement

HP-GL/2, PCL, and HP RTL all have the concept of a current position; in HP-GL/2, this is
called thecurrent pen locationin PCL and HP RTL, it is theurrent active position

Y-axis

A

(8,4)

orign
(0,0) (8J1)

rd

- X-axls

Y

Figure 8. Absolute Movement
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The PA (Plot Absolute) and PR (Plot Relative) instructions of HP-GL/2 allow you to specify
whether you want to draw using absolute or relative “pen” mo&esolutemovement uses

X,Y coordinates to specify an exact, fixed point relative to the origin (0,0). In Figure 8, the
coordinates (3,8), (5,4), and (8,1) are always in the same place with respect to the origin,
matter where the pen is when the coordinates are issued.

Rgo)
2
Z_
=E
Ez
('
SR
o

Relativemovement uses X,crements to specify the number of units that the pen moves
from its current pen location. All HP-GL/2 instructions that use relative increments include
“relative” in their name, except the PE (Polyline Encoded) instruction. An example is the E
(Edge Rectangle Relative) instruction.

Y-axis
5[ units
o
(3,8
8| unit$
-3.4) } 7 unjts
Starting L
pen - 3|unit$
location
0.0
T (5]-7)
s - X-axis
-
3 units

Figure 9. Relative Movement

In Figure 9 for example, assume that the pen is currently at the origin (0,0). To move to the
absolute points shown in the previous figure using relative coordinates, count 3 units to the
right and 8 units up from the current pen location; these are both positive directions with re-
spect to the origin. This is the relative location (3,8). Now move 5 positive X-units and 7
negative Y-units from this location to the lower point; this is the relative location (5,—7). From
this location, move to the last point by moving 3 negative X-units and 3 positive Y-units:
(-3,3).

Relative movement is useful in many applications where you know the dimensions of the shape
you want, but do not want to calculate the absolute coordinates. For example, if you want a
box 4 X-units by 8 Y-units, you can use the ER (Edge Rectangle Relative) instruction to draw
the box without having to calculate the absolute coordinates of the opposite corner. (The ER
instruction draws a rectangle using the current pen location as one corner, and the specified
relative coordinates as the opposite corner.)

Absolute pen movement is the default mode; coordinates received within a PU (Pen Up) or PD
(Pen Down) instruction are interpreted as absolute plotter-units unless a PR (Plot Relative)
instruction has established relative mode. As with absolute coordinates, the relative units can
be either user-units or plotter-units (see page 12), depending on whether the SC (Scale) instruc-
tion is in effect.
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Note: Relative increments are added to the current pen location. The device automatically
converts the new relative location to absolute coordinates and updates the current pen location.
Therefore, since relative movement can cause some rounding if scaled coordinates are not inte-
gers, absolute movement or integers should be used to guarantee end-points. Using relative
coordinates can be faster in cases where the 1/O speed limits your print speed, since relative
coordinates are generally smaller numbers and therefore need less data transmitted over the I/O
interface.

Interactions between Different Coordinate Systems

HP RTL
+X and PCL
Portrait Landscape
+Y orientation ©"  orientation
HP-GL/2
+Y prlm‘ers
Portrait or Landscape
+X orientation orientation
HP-GL/2
+Y plotters +X
+X Portrait +Y
orientation
Landscape
orientation

Figure 10. HP RTL, PCL, and HP-GL/2 Coordinate Systems; the “orientation” refers
to the paper-feed direction

The default PCL and HP RTL coordinate systems are different from the default HP-GL/2 coor-
dinate system; furthermore, the default system in HP-GL/2 differs for devices that support the
HP-GL/2 Technical Graphics Extension (see page 77; devices tepho&ers’ in Figure 10)

and those that do notgfinters’ in Figure 10).

For devices that support the Technical Graphics Extension, the page size is determined by the
PS (Plot Size) instruction; for other devices, the page size is the picture frame size imported
from PCL. In addition, the default origin is at different places, depending on the context (PCL,
HP RTL, or HP-GL/2), the device type (“plotter” or “printer”), and the orientation (portrait or
landscape direction of paper feed). The directions of +X and +Y also differ.

The HP-GL/2 coordinate system can be set up to match the PCL and HP RTL coordinate sys-
tems; see the examples on pages 37 and 38.

The relationship between the orientation of the HP-GL/2 coordinate system and the PCL or
HP RTL coordinate system is important if you are using PCL or HP RTL with HP-GL/2. The
following figure illustrates this relationship for the default HP-GL/2 orientation for “printers”

and the PCL logical page orientation. As shown in the illustration, in this HP-GL/2 orientation,
the origin of the HP-GL/2 coordinate system defaults to the lower-left corner of the PCL picture
frame. (The HP-GL/2 and PCL X-coordinates increase in the same direction, but the Y-coordi-
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&

nates increase in opposite directions.) Notice that a change in the PCL logical page orientg
changes the orientation of the PCL coordinate system and the HP-GL/2 coordinate system

The relationship between the coordinate systems can be changed using the HP-GL/2 RO
tate) instruction. Rotations specified by the RO instruction are relative to the default HP-G
orientation (which matches the PCL orientation). Figure 11 shows how the RO instruction
difies the HP-GL/2 orientation relative to the logical page.

PLOTTING &
PRINTING

Note: A change in PCL print direction has no effect on the HP-GL/2 orientation, the physic
position of the picture frame, or the picture frame anchor point.

{0,0) —> +X

(0,0) = +X
P2 N
+Y +Y
Logical
P ——
o age %
| Picture I
Pi L Frame >;' _
(0,0 {g:
RO 0 RO 90
0,0)—> X 0,0) —> +X
a9 B
+Y X+ 4—1 +Y .
-
Logical l,
At
‘ Page ’
k
L Picture
2 Frame
S
RO 180 RO 270

Figure 11. Effects of Rotation on the Coordinate System; the outer rectangles repre-
sent the PCL coordinates, the inner ones those of HP-GL/2; P1 and P2 are defined on
page 31
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Units of Measure

HP-GL/2, PCL, and HP RTL use different systems for measuring units. Se€ltheRefer-
ence Guiddor information on PCL units of measure.

HP-GL/2 Units of Measure

In HP-GL/2 mode, you can measure along the X,Y axes and express coordinates using two
types of unitsplotter-unitsanduser-units

Oneplotter-unit equals 0.025 mm. When you specify distances in plotter-units, the device con-
verts the number of plotter-units to equivalent dot coordinates before printing. Under default
conditions, the device uses plotter-units.

The following table lists equivalent measurements for plotter-units.

Plotter-units  Equivalent Value
1 plotter-unit = 0.025 mnr¢ 0.00098 inch)
40 plotter-units = 1 mm
1016 plotter-units = 1 inch
3.39 plotter-units = 1 dot at 300 dots per inch

User-units The size of units along the X and Y axes may be redefined using the SC (Scale)
instruction; se&calingon page 24 and the description of the SC instruction on page 290.
User-units allow you to customize the coordinate system to represent any value. For example,
you could plot the moon cycle for the year by dividing the X-axis into 31 units for days of the
month and the Y-axis into 12 units for months of the year. To mark a point on December 25,
you would give the coordinate (25,12) rather than calculating the exact location in plotter-units.

Before printing, the device internally converts user-units to dot locations.

Internally, the device uses a different unit of measure. It maps HP-GL/2, HP RTL, and PCL
units to this unit of measure. This internal unit is device-dependent, typically 1/7200 inch. All
positioning is kept in internal units and rounded to physical dot positions when data is printed.

HP RTL Units of Measure

In HP RTL (and also PCL), coordinates are normally specified in terms pétive resolution
of the device. You can also specify the dimensions of HP RTL imagegipoints
(1/720-inch). Se&etting the Width and Height in HP Rdh page 342.
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Isotropic and Anisotropic Scaling

When you alter the scale of an image, you can indicate whether units are of equal size on
X- and Y-axesi6otropicscaling) or unequahfiso