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LIMITED WARRANTY

Vectrix Corporation warrants this product to be in good
working order for a period of 90 days from the date of
purchase from Vectrix or an authorized Vectrix dealer. Should
this product fail to be in good working order at any time
during this 90 day period, Vectrix will, at its option, repair
or replace this product at no additional charge except as set
forth below. Repair parts and replacement will be furnished on
an exchange basis and will either be reconditioned or new. All
replaced parts become the property of Vectrix. This limited
warranty does not include service to repair damage to the
product resulting from accident, disaster, misuse, abuse, or
modification of the product by anyone other than Vectrix Corp.

Warranty service may be obtained by mailing or delivering the
product in the original shipping cartons or the eguivalent
within the 90 day warranty period, and providing proof of the
purchase date. When the product is delivered, you agree to
insure the product and assume the risk of loss or damage in
transit and to prepay shipping costs to the warranty service
location. Contact Vectrix customer service for further
information, by phone or at this address: Vectrix Corporation,
Customer Services, 2606 Branchwood Drive, Greenshoro, NC
27408. ‘

All expressed and implied warranties for this product
including the warranties of merchantibility and fitness for a
particular purpose are limited in duration to a period of
ninety days from the date of purchase; no warranties,
expressed or implied; will apply after this period. Some
states do not allow limitations on how long an implied
warranty lasts, so the above limitations may not apply to you.

If this product is not in good working order as warranted
above, the sole remedy shall be repair or replacement as
provided above. In no event will Vectrix Corporation be liable
for any damages, including lost profits, lost savings, or
other incidental or consequential damages arising out of the
use of or the inability to use this product, even if Vectrix
or an authorized Vectrix representative has been advised of
such damages, or for any other claim by any other party.

Some states do not allow the exclusion or limitation of -
incidental or consequential damages for consumer products, so
the above limitation may not apply to you. This warranty gives
you specific legal rights and you may have other rights which
vary from state to state.
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PREFACE
The Card Set

The VX/PC Card Set is a two board graphics processor that
is plug compatible with the IBM PC family of personal
computers., It offers a resolution of 672 x 480 pixels,
nine bitplanes, 2-D and 3-D operation, 4096 colors in the
standard configuration, IBM color graphics card emulation,
and high level graphics commands.

VX/PC's two on board processors, an INTEL 80188 and an NEC
7228, relieve the IBM of the burden of graphics
calculations. The IBM PC sends a graphics command with its
associated parameters to the VX/PC and then continues on
to its next computing task without interruption. The VX/PC
then independently performs all aspects of the graphics,
generation.

There are over 75 high level graphics commands stored in
the VX/PC in firmware. Because the graphics library is
resident on the VX/PC, little of the IBM PC's memory is
used when executing graphics commands. There is no need to
store graphics libraries in memory or to link procedures
during program compilation.

The commands are readily available through character like
commands that can be generated by any language's 1/0
statements. With this arrangement use of the command set
is not limited to any particular language or operating
system,

The screen display is laid out as a rectangle of 672 x 480
pixels. In 2-D mode, the pixels are numbered from @6 - 671
on the horizontal axis and @ - 479 along the vertical
axis. The coordinate 0,0 is in the lower left corner; the
upper right is 671,479.

The VX/PC provides the capabilities of the IBM color
graphics adapter card, and can be used in its place. The
only functional differences are that the VX/PC does not
draw border colors in IBM mode and the IBM color graphics
. adapter diagnostics cannot resolve the VX/PC's higher
performance characteristics.



The VX/PC Disk

The disk supplied with the VX/PC card set contains the
device driver needed to install VX/PC as a read/write
device in the operating system. Other important files on
the VX/PC disk include the print screen programs, hardware
test programs, useful utilities, and a demonstration
image. A complete list showing the name and function of
each file on the disk is presented next.

FILE NAME

MIDASDRV.COM
MIDASDRV.ASM

MPRINT.EXE
MPRINT.ASM
QPRINT.EXE
APRINT.EXE
CPRINT.EXE

CODEFRAG.ASM

RESET.EXE
SI.EXE
SV.EXE

TESTO1.BAS
TESTO1.DAT
TEST02.BAS

MODEKEYS
SPHERE
IODEMO.BAS

TODMA.OBJ
TODMA.ASM
FROMDMA .OBJ
FROMDMA.ASM

TESTO.EXE
TESTTO.ASM
TESTFROM.EXE
TESTFROM. ASM

vi

FUNCTION

The VX/PC device driver
The source code for the driver

Screen Print program (Radio Shack)
Source code for MPRINT.EXE

Screen Print program (Canon, Quadjet)

Screen Print program (ACT II)

ScreenPrint program(Canon PJ1080)

Source for GETCHR and PUTCHR

RESETs the VX/PC cards
Switch to IBM mode program
Switch to Vectrix mode program

Test the VX/PC on installation
Command file for TESTO1
Test the Light Pen

Redefines F9 as SI, F10 as SV
A demonstration command file
Manipulates color lookup table data

Linkable module for DMA transfers
Source code for TODMA.OBJ
Linkable module for DMA transfers
Source code for FROMDMA.OBJ

Copies command files using DMA
Source code for TESTTO.EXE
Captures images using DMA
Source Code for TESTFROM.EXE



The Manual

This manual is designed to offer a practical introduction

to full use of the VX/PC card set. The manual is divided

into four main chapters: Installation, System Overview, Program
Examples, and the Reference Guide.

Chapter 1, INSTALLATION, covers system requirements and
options, installing the card set and options, and
verifying proper installation. Checking individual
hardware items is done by running supplied programs and
comparing the results to examples in this manual.

Chapter 2, SYSTEM OVERVIEW, presents information on how
the system works, general computer graphics theory, and
background on the Vectrix implementation of commands.
Program examples are provided to demonstrate various
VX/PC features and commands.

Chapter 3, PROGRAMMING THE VX/PC CARD SET, covers dgeneral
programming considerations, dealing with high level
languages as well as assembly language.

Chapter 4, REFERENCE GUIDE, provides a structured way to
find specific documentation of all VX/PC commands. Each
command begins on a separate page describing command
format and parameters, examples of its uses, relationship
to other commands, and special characteristics.

APPENDIX A provides application notes on the color lookup
table and bitplane management. APPENDIX B provides
information on using DMA data transfers.
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INTRODUCTION

This chapter leads you through all phases of the
installation of your VX/PC card set. This process is
similar to installing any card in your IBM Personal
Computer. The installation steps are shown with both
pictures and text. If guestions arise concerning
installation of any equipment, and are not covered in this
chapter, please call Vectrix Customer Service.

The actual installation process is very similar to
installing any peripheral card in the IBM PC/XT chassis.
The one difference is that the VX/PC is a two card set,
and the two cards should be installed in adjacent slots.

Please read all relevant sections in this chapter before
attempting to install your Card Set. This will save both
you and Vectrix time and trouble, Most questions are
answered here; vlease reserve telephone contact for those
that are not.

Packing Checklists

Before starting the installation procedure, use the
checklist below to determine if all necessary items have
been received.

The VX/PC Graphics System is shipped from Vectrix in several
boxes under separate cover. There is a possibility the
boxes will arrive at their destination at different times.

The boxes and their respective contents are listed next.

The VX/PC Card Set
VX/PC GRAPHICS PROCESSOR (2 Cards)
2 PLASTIC CARD SUPPORT BRACKETS
WARRANTY CARD

The VXM RGB Monitor
VX/PC TO RGB MONITOR CABLE

RGB MONITOR MANUAL
WARRANTY CARD
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This Manual and VX/PC Diskette

VX/PC DISKETTE
VX/PC USER'S GUIDE AND REFERENCE MANUAL

Remove all parts from their boxes and check for shipping
damage. If any damage to the equipment is found, file a
claim with the shipping agent. Vectrix will work with the
shipper to quickly replace or repair the equipment.

If an item is missing, check the Vectrix packing slip for
reference to a backordered item. Notify the shipping
agent and call Vectrix Corporation, (919) 288-0520, and
ask for Customer Service. Please have available the Work
Order number, located in the upper right corner of the
packing slip.

NOTE: All boxes, the foam packing material, and
antistatic bags should be safely stored for
later use in shipping your eguipment.

This is a good time to fill out the Warranty/Registration
Cards. This card is important to both you and Vectrix.

- Without the registration cards, Vectrix cannot honor your

warranty.
System Requirements
The IBM PC XT computer requires these components to run
the Vectrix VX/PC Graphics system:
VX/PC Card Set
High Quality Analog RGB Monitor
Card Set to Monitor cable
In addition, the IBM PC requires one of the following:

The IBM PC expansion chassis, or
IBM PC power supply upgrade to 130 watts.

- The expansion chassis or power supply upgrade
must be properly installed and in known
working condition prior to the installation.
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System Options

Monochrome Monitor and Adapter

The VX/PC card set provides a high quality graphics image
and IBM Color Card emulation on a single RGB monitor. Both
modes can use the same Vectrix monitor and do not require
additional display cards or monitors. We will call a
system with one monitor an RGB system.

The VX/PC also functions properly with an IBM monochrome
monitor and display card installed in the system. We will
call this an RGB and Monochrome system. Using two monitors,
the monochrome monitor functions as the system console
while the RGB monitor functions as the graphics display.

The only configuration not supported is both the IBM or
equivalent color card and the VX/PC card set. This is
because the VX/PC contains an IBM compatible color card.
The IBM PC/XT does not allow two IBM color graphics cards
to be in the system.

Color Printer

The five color printers currently supported by Vectrix
for the VX/PC are these:

Canon A1210 Color Inkjet Printer

Radio Shack CGP-220 Color Inkjet Printer
Quadram Quadjet Printer

ACT II Color Inkjet Printer

Canon PJ1080 Color Inkjet Printer

These printers require an IBM or equivalent parallel
printer interface cards and an IBM to Centronics cable.

Light Pen

A light pen is available from Vectrix that is compatible
with both the Vectrix light pen commands and the IBM
commands. It operates when the VX/PC is in either
Vectrix mode or in IBM mode.
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1.2 VX/PC AND RGB MONITOR INSTALLATION

1.2.1 Introduction

Installing the VX/PC card set requires three basic steps:

Step 1) Install the VX/PC card set and the RGB monitor.

Since the two cards are physically connected,
they are installed at the same time.

Step 2) Install the software driver. The driver allows

PC DOS to recognize and communicate with the
VX/PC card set. Testing this software driver
also tests the hardware installation.

Step 3) Connect and test optional devices, a printer

and light pen.

1.2.2 Summary Of VX/PC Installation

The installation process is summarized next, then detailed
in the following pages.

1.

2.

Turn the computer off, disconnect any peripheral
eguipment, and remove the system unit cover.

Select two adjacent expansion slots to insert the
two VX/PC cards. Remove the expansion slot covers.

Remove the VX/PC cards from their shipping
container. Locate the card labeled "Memory" and
the card labeled "Processor".

Set the DIP Switch Bank #1 on the IBM system board.

Insert the VX/PC card set into the system unit and
replace the cover.

Verify RGB monitor switches, connect the RGB
video cable from the VX/PC card to the RGB
monitor, and reconnect any peripheral eguipment
removed in Step 1.

Install the software driver.

Test the installation of the VX/PC cards and the
software driver.
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1.2.3 Detailed Installation Procedures

la) Turn off the power and disconnect all cables.
b) Remove peripheral equipment from the immediate area.
c) Turn system so the back of the unit is facing forward.
d) Remove the five retaining screws on the back of

the system unit. (Illustration 1)

ILLUSTRATION 1 Removing The Cover Mounting Screws

Cover Mouating Screws

e) Carefully slide the cover toward the front of the unit.
When the cover is almost off, it can be tilted upward
(Illustration 2) to slide off completely.

ILLUSTRATION 2 Removing The Cover
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2a) Locate the eight expansion card edge connectors
inside the system unit chassis, next to the power
supply. Connectors #1 and #2, farthest from the power
supply, will hold the VX/PC cards. If either slot

contains other peripheral cards, the cards must be
moved.

Note: The IBM PC has five card edge connectors. The two
leftmost connectors are used for the VX/PC cards.

ILLUSTRATION 3
The IBM XT Expansion Connectors

Rear Panel
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2b) Remove the screws retaining the expansion covers and
set aside. (Illustration 4) Save the screws for use
with the cards. The slot covers are not used, but

should be kept to cover the slots if the cards are
removed.,

ILLUSTRATION 4
Removing The Expansion Slot Covers
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2c) Remove any existing color graphics display adapter
card from the system., If the system now uses a color
monitor, it will have a color graphics display adapter
card. It must be removed.

The VX/PC has the equivalent of a built in IBM color
graphics adapter card, so any other color graphics
card in the system must be removed. If an IBM or
compatible graphics card is left in the system,
neither it nor the VX/PC card will work properly, and
damage to either or both cards may result.

A monochrome display adapter will cause no problems.

2d) Install the plastic card support brackets in the front
panel holes corresponding to the installation slots
chosen. Since the machine is turned around, the front
panel is the side farthest from you, containing the disk
drives. '

Illustration 1.5
Installing the Card Support Brackets

Card Support
Bracket

Front Panel

//

[‘)

Rear Panel
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3) Remove the VX/PC cards from their box and study the

the two cards. Compare the two boards with
Illustration 1.6. The processor board has the legend
"PROCESSOR BOARD" written at the bottom. The memory
board has the legend "MEMORY BOARD"™ written at
bottom center. The cards are connected by two

ribbon cables.

Note that each board has a DB-9 connector at the
back of the board, above and to the right of the
card edge finger connectors. The processor board
has a female DB-9 connector for an optional light
pen. The memory card has a male DB-9 connector used
to connect to an RGB monitor,

Illustration 1.6
VX/PC Card Set Diagrams
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4) Set the DIP switch on the IBM system board.

Switch Bank #1 on the IBM system board musi oe

set to reflect the number and type of monitors
installed. Illustration 1.7 shows the two

possible settings for switches five and six on the
system board DIP switch.

This small switch is located on the system board at
the bottom of the cabinet, to the right of the
power supply and directly behind the floppy disk
drives. It is usually hidden by the disk drive
cabling. The easiest way to move the individual
switches is with a ball point pen or small
screwdriver.

Note: The settings for switch #5 and #6 are the same as
described in the IBM Installation Guide.

Using an RGB reguires that switch #5 be set ON and
switch #6 be set OFF. ,

Illustration 1l.7a
Switch Settings For An RGB System

1 2 3 4

ON

=3
—
u 1
_;J1.l . ’ OFF
T
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When a monochrome monitor and adapter card are
used, the switches are set differently. Switches #5
and #6 must both be set to OFF. This allows use of
both monitors, though only one can be active as the
system console at a time.

Illustration 1.7b
Switch Settings For An RGB and Monochrome System
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Sa) Insert the VX/PC cards in the two leftmost expansion
slots on the IBM system board. '

Holding the VX/PC cards (finger connectors facing
down) over the card edge connector on the
computer, align the cards with the card support
brackets on the front and the metal brackets on
the back. Center the cards over the card edge
connector and push them into the connectors. Now
press the cards firmly into the connectors. The
gold finger edge connectors should be barely
showing at the top of the connectors when the
boards are pressed in correctly.

Illustration 1.8
Inserting the VX/PC Card Set

Rear Panel
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5b) Align the holes in the retaining bracket and the
holes in the cards' brackets. Insert the screws
and tighten.

Illustration 1.9
Aligning the Retaining Brackets

Not Aligned
Aligned

f-fjf i

ALA
e, &,
> U”ﬂn.
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6a) Connect the DB-15 RGB video cable to the female
DB-15 connector on the VX/PC card.

This cable has a male DB-15 connector on one end, and
five connectors on the other end, carrying RGB video
signals, and ending in BNC type connectors.

6b) Replace the system unit's cover by reversing the
removal procedure.

Illustration 1.10
Replacing the System Unit Cover
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Connecting The RGB Monitor

khkkkkkkkkhkhkhhkhhkhkhkhhkkhkk WARNING ***kkhkhkhhhhhkhkhhhhhkhhkhhk

AN IBM OR EQUIVALENT COLOR MONITOR MUST NOT BE USED.
DAMAGE TO THE MONITOR AND THE VX/PC CARD SET WILL RESULT.

AN IBM MONOCHROME MONITOR, IF USED, MUST BE CONNECTED
DIRECTLY TO THE IBM MONOCHROME ADAPTER CARD - IT CANNOT BE
CONNECTED TO THE VX/PC CARDS.

IS AR SRR RER R SRR ERERRRERRRRRERRRRRRRRRRRRRRRERRERRERNSREERERSS]

7a) Setting the VX/PC Monitor Switches.

Although all Vectrix monitor switches were properly
set at the factory, the switch positions may have
changed during shipping. On the right front of the
monitor, two switches should be verified as follows:

UNDERSCAN / OVERSCAN should be set to UNDERSCAN.
VIDEO OFF / ON must be set to ON.

On the back of the monitor, near the top, are three
switches that should be checked. The first switch
(Termination) should be set to 75 Ohms, the up
position. The switches under the legends VERT SYNC and
HORIZ/COMB SYNC are set as follows:

VERT SYNC should be set in the down position,
HORZ/COMB SYNC should be set in the down position.

7b) Connecting the VX/PC Card Set and Monitor

The Vectrix RGB monitor cable has a male DB-15
connector on one end and five BNC connectors on the
other.

The five ends of the cable are connected to the RGB
monitor. These connectors are labeled RED, GREEN,

BLUE, VSYNC AND HSYNC, corresponding to the labels on
the monitor back. Connection is made by positioning

the BNC connector over the monitor connector, then
pushing and twisting the connector to lock it in place.

8) Reconnect any peripheral equipment removed in step la.
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INSTALLING THE SOFTWARE DRIVER

After the VX/PC hardware is installed, software designed
to make the IBM PC/XT recognize the VX/PC is installed.
This software is called a driver, and is installed using
standard driver installation procedures. Once the driver
is installed, it will always be available when the system
is turned on. RGB and Monochrome system installation
follows the same procedures as an RGB system installation.

The driver program, MIDASDRV.COM, must be installed on the
boot disk, in the root directory, in a file named
CONFIG.SYS. For a PC, the boot disk will bhe DRIVE A. On an
XT, the driver will generally be installed on the hard
disk which is usually DRIVE C.

The steps necessary to install the device driver and test
the system are listed next. Where (enter) appears, press
the ENTER key. All parenthetical text is comments and
should not be entered.

1) Turn the computer on. Insert the disk that came
with this manual in Drive A.

2) Choose a disk to be the VX/PC system disk.
When using a XT with a hard disk, the system
"disk" is usually the root directory on drive C,

the hard disk.

In either case, these programs and files must be
on the system disk, in the root directory:

COMMAND ,COM (copy from the PC DOS disk)
EDLIN.COM (copy from the PC DOS disk)
ANSI.SYS (copy from the PC DOS disk)

3) Copy all the files from the supplied VX/PC disk
to the system disk. The command

COPY dl: *.* d2:

(where d1 is the disk - A, B, or C - to copy FROM,
and d2 is the disk to copy TO) will do this.

This has the added benefit of creating a backup
disk for the files on the VX/PC disk.
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4) The CONFIG.SYS file can now be set to load and run
MIDASDRV.COM each time the system is booted. The
method detailed in the following paragraph will
work whether or not there is an existing CONFIG.SYS
file. This procedure sets up a file to be run
whenever the system is turned on or booted.

4a) Type: EDLIN \CONFIG.SYS
The message "NEW FILE" will appear if no CONFIG.SYS
file exists. If there is a CONFIG.SYS file, the
message End Of Input File will appear.
In either case, at the asterisk type:

1I

This means Insert a line before line #1.

4b) At the "l:*" prompt, type:
DEVICE=MIDASDRV.COM
exactly as it appears here, then press the ENTER
key. This line installs the device driver when this
file is later executed.
4c) At the "2:*" prompt, type:
DEVICE=ANSI.SYS
exactly as it appears here, then press the ENTER
key. This sequence will later allow redefinition

of function #9 to issue the "SI" command, and
function key #1@ to issue the "SV" command.
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4d) At the "3:*" prompt, type CONTROL C by holding

de)

down the "Ctrl" key and pressing the "C" key.

At the asterisk, type:
E

This ends the editing session and saves the file
CONFIG.SYS to disk.

The next step is testing both the hardware and
software driver installation. This is explained in
Section 1.4, "TESTING THE VX/PC CARD SET, SOFTWARE,
AND MONITOR".
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1.4

TESTING THE VX/PC CARD SET, SOFTWARE, AND MONITOR

This section describes using the test command file,
TESTO1.DAT to test both the RGB hardware and software
driver installation.

Testing The Installation

The first step is making sure the MIDASDRV.COM driver
is installed. Turn the system off, then on. The system
must be rebooted to install the driver. This can also
be done by keying the Ctrl-Alt-Del seguence. Now turn
on the monitor.

At the DOS prompt, type:

TYPE MODEKEYS (Sets Function key 9 to be "SI,
and function key 10 to be "sv".)

When the DOS prompt returns, type:
COPY TEST@1.DAT VECTRIX (Send command file to
the VX/PC)

The screen display should look like Illustration 1.11,
although it will be in color.

Illustration 1.11
TEST@1.DAT - The Color Bar and Monitor Alignment Test
Command File Output
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Press F9 to switch to IBM mode when done. The
image can be displayed again by pressing, at the
DOS prompt, the F10 key, which issues a "SV"
command, switching to Vectrix mode.

1f the image does not display properly or if the
circles are not circular, skip to "Problem
Determination", Section 1.4.2.

Otherwise, the cards and monitor are correctly
installed.

NOTE: This command series does not run the TESTO®1l.BAS
program. It COPYs the command file created earlier by
the program. This command file contains the output of
the program TEST@l.BAS and is supplied on the VX/PC
disk. More information on command files is presented
in VX/PC User's Guide And Reference Manual, Chapter 3,
Section 3.2.4, "Loading and Saving Images Faster".
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Problem Determination

I1f No Image Appears

The first step in determining problems is checking all
cable connections. If all cables are connected, and the
system does not work, the card set may not be operative.
Even though the card sets are tested for a 163 hour burn
in period before shipment, it is possible that some of the
chips may have worked loose.

The next step is removing the board set. The cards should
be laid flat on a soft surface, component side up. Gently
press each chip that is socketed. This reseats any loose
chips. Insert the card set and connect the monitor. Repeat
testing using the TESTOl.DAT command file.

An Incorrect Image Appears

If the image appears, but the color names and the color of
the rectangles do not agree, the cables from the VX/PC
card to the monitor are probably misplaced. The individual
cables are lettered, and must agree with the legends on
the monitor. Change any that are incorrect and run the
test sequence again.,

There are no adjustments on the VX/PC cards. If the image
still appears incorrectly, there may be a problem in the
board set. Call Vectrix Customer Service for assistance.

If the problem cannot be corrected over the phone, you

can return the cards to Vectrix for repair. Be sure to ask
for a Return Merchandise Authorization. Without this
number, Vectrix will not accept the cards when returned.
Repackage the card set and do not disconnect the cards.

The concentric circles in the image are provided to help in
adjusting horizontal hold. If the circles are not perfectly
round, the knob labeled HORIZONTAL on the front of the
monitor can be turned until the circles appear correctly.
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If all tests well, you are now ready to fasten the cover

to the system unit. Press ENTER to exit the program. With
the cover all the way to the rear, align the five screws

with the threaded tabs and insert the screws.

Illustration 1.12
Fastening the System Unit Cover

Threaded
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SPHERE: A Demonstration Image Command File

To display the SPHERE program provided on the VX/PC
disk, type, from the DOS prompt:

COPY SPHERE VECTRIX /B

The image will appear, moving down the screen. Short
flashing lines will appear on the screen while the image
is being loaded. When finished loading, the image will
disappear. This happens because the command file contains
the "SI" (Select IBM Mode) command.

The image can be made to reappear by following these
instructions:

RGB Monitor System:

Press F10, which was redefined to be SV.
This will switch the system to Vectrix mode.

RGB and Monochrome Monitor System:

Type the command SV, switching to Vectrix mode.
or

Press Fl10, which was redefined to be SV.

This will switch the system to Vectrix mode.
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1.5 INSTALLING THE COLOR PRINTER

The VX/PC prints color images on the Radio Shack CGP-220,
the Canon A1210, the Quadram Quadjet, the ACT II, and the
Canon PJ1080 printers.

1.5.1 Connecting the Color Printer

The five printers use a standard parallel interface
connected directly to the IBM or equivalent parallel
printer interface card, available from IBM, an authorized
IBM dealer, and many third party sources. Connect the
printer to parallel port LPT1 or LPT2.

1.5.2 Testing the Printer

The VX/PC card set can use the color printer in two ways.
The first way is by invoking the external print programs,
MPRINT.EXE, QPRINT.EXE, APRINT.EXE or CPRINT.EXE from DOS.
MPRINT.EXE is used with the Radio Shack, QPRINT.EXE with
the Quadram or Canon A1210, APRINT.EXE with the ACT II,
and CPRINT.EXE with the Canon PJ1080 printer.

The second way to print images is using the VX/PC printing
commands within a program. These commands are detailed in
Chapter 2, Section 2.10.2. For testing purposes, use the
MPRINT, QPRINT, CPRINT or APRINT program, depending on
your printer. To reduce confusion, we will use the termn
MPRINT for any version of the program.

The first step in testing the printer is to bring up the
card testing image as was done earlier. This is done with
these commands, from the DOS prompt:

COPY TESTO1.DAT VECTRIX

For more detailed instructions on this procedure, see
Section 1.4 in this chapter.

When the image is finished drawing on the screen, press
ENTER, returning the system to PC DOS.

From the DOS prompt, type:
MPRINT

if the printer is connected to LPT1.

INSTALLATION 1-26



If the printer is attached to LPT2, type
MPRINT 2

For a complete explanation of the MPRINT program, see
Chapter 2, Section 2.10.1, "The Color Printing Programs".

The printer starts printing in about five seconds. The
printed image should look like the screen image. If

it does not, there is a problem in either the VX/PC, the
printer, the interface card, or the cable.

If a problem exists, the printer and cable can be tested
by attempting to print text to the printer in this manner.

At the DOS prompt, type:

PRINT TESTO1.BAS (enter)

DOS will respond with the question: Name of list device [PRN]:
Type:
LPT1 (enter)

If LPT2 or LPT3 is being used, respond accordingly.
The file TESTO01.BAS should start printing on the printer.

If text cannot be printed, the problem is in the printer
or cable.
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l.6

INSTALLING THE LIGHT PEN

1.6.1 Connecting the Light Pen

hhkhkhkkhkhkhkhkhkkhhkhkkkhkhkhkhkkkhkkhk WARNING ***dkhkhkkhkhhkkhkhkkhrhkhkdkkdhk

TURN THE COMPUTER OFF BEFORE INSTALLING THE LIGHT PEN.

DO NOT PLUG THE LIGHT PEN CONNECTOR INTO THE IBM DISPLAY ADAPTER.

DAMAGE WILL RESULT. IT MUST BE PLUGGED INTO THE VX/PC.

Khkhkhkkhkkkhdkkhkhkhkhhhkkhkhkhkkhkhhkhhkhhhkhhkhhhkhhhhkhkhhrhkhkhhkhkhkdkhkdkhkdkkkkkx

106.2

The male DB-9 connector on the light pen connects directly
to the female DB-9 connector on the VX/PC processor card.
It can be connected in only one way.

Testing the Light Pen

TESTEC2.BAS is used to test the light pen. This series of
commands will load and run the program from the DOS
prompt:

BASICA TEST02.BAS

If the system is in BASIC already, type:

LOAD TEST@2.BAS
RUN

This program clears the screen to white with a full screen
crosshair. When the tip of the light pen is placed near
the screen, the crosshair will move to that position. To
exit the program, press ENTER. If for any reason the cross
hair does not appear, reload the program and try again. If
the crosshair appears but the light pen does not move the
crosshair, call Vectrix Customer Service for assistance.
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FUNCTIONAL SPECIFICATIONS

The RGB Monitor

The Vectrix RGB monitor is a high quality, high resolution
monitor well matched to the output capabilities of the
VX/PC card set. If you have purchased an RGB monitor from
Vectrix, skip to the next section. If a different monitor
is used, it must meet these specifications:

The monitor must be RGB

Analog inputs are required (0.0 to 8.7 volts)

75 Ohm terminations to GROUND on the RGB channels

OPEN or NO teramination on the H and V sync lines

25 Mhz video bandwidth

.31 mm pitch CRT

720 dot by 512 line resolution

22.3 khz horizontal scan rate

The VX/PC RGB output specifications are these:

13 microsecond horizontal blanking interval
58 to 75 Hz vertical frequency

Misconvergence of less than or equal to
.4 mm within diameter
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1.7.2 Light Pen Connector Pin Designations

vVX/PC
PIN SIGNAL DESCRIPTION
#1 LPEN Strobe low on pen detect (low)
$2 Reserved Do not use.
43 +5V
%4 +5V
$5 +5V
46 LPSW Light pen tip switch active (low)
#7 GROUND
8 GROUND
$#9 GROUND

- - — - - " - - - - - = wh - - - - - - - — - = = —— - m . - wh - ——— - - — -
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HOW TO USE THIS CHAPTER
Introduction

This section is intended to help both the graphics novice
and the expert understand the concepts used with the VX/PC
card set. For the newcomer to computer graphics there are
explanations of many concepts unique to computer graphics.
These include graphics and text primitives, 3-D concepts,
color manipulation, and dithering. For those who are
familiar with graphical concepts, the Vectrix implementation
of these concepts - such as color table indexes, clipping,
bitplane management, and loading and saving images - is
explained.

For both groups, there are two programs at the end of this
chapter to assist in exploring the 2-D and 3-D command

set. The intent is for users to type in these short
programs and experiment with the VX/PC command set. With
these two programs, most of the 76 available commands can
be used in interactive mode to demonstrate use of the VX/PC.

Definitions

There are several basic terms that are used consistently
throughout this manual. Some common terms are defined here.

"Current Drawing Point" (CDP) is a concept used by many of
the commands, including the graphics and text primitives,
crosshair commands, and the pixel and RAM commands. Unless
a command has a coordinate specified in its parameters,
and therefore defines its own drawing point, the point at
which drawing will start is the "current drawing point".
This is usually the coordinate where the last command
terminated. Some commands update the current drawing
point; some leave it unchanged. The impact of each command
on the drawing point is explained in the REMARKS sections
in the REFERENCE GUIDE, Chapter 4.

"Current Drawing Color", (CDC) is simply the last color

- specified. Most commands (with the exception of some of

the color manipulation commands), do not change the current
drawing color even if a color parameter is required with
the command. In these cases, the specified drawing color

is used. For commands not having a color parameter, the
current drawing color is used.
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"Color Manipulation" refers not only to the use of the
explicit color changing commands, but also to the
management of the built in color index table and the
management of the bitplanes.

"Transformations”™ are generally, but not always, performed
in 3-D object space. Transformations, both 3-D and 2-D,
refers to the spatial manipulation of an image on the
screen., The VX/PC allows several types of transformations
including rotation, scaling, and translation.

VECTRIX AND IBM MODES

When a VX/PC card set is installed in an IBM PC or XT,
there are three ways the system can operate:

1) In IBM text mode;
2) In Vectrix color graphics mode;
3) In the IBM color graphics modes.

Each of these modes will work with either one monitor
(high guality RGB only) or two monitors (high gquality RGB
and separate monochrome monitor and adapter card).
However, there are minor differences in how the systems
can be used.

when a single monitor is used, all output - text and
graphics - will go to the available monitor. Because the
system cannot be in two modes simultaneously, modes must
be switched to move from the high resolution graphics
environment to IBM text or IBM graphics modes.

For more information about typical system setups, see
Section 3.1.1, "USING ONE MONITOR vs. TWO MONITORS, in
Chapter 3, and Section 3.,1.3, "SV.EXE, SI.EXE, and
RESET.EXE", also in Chapter 3.

When dual monitors are used, the graphics for both the
Vectrix and IBM modes will be performed on the RGB
monitor. Text mode output will go to the monochrome
monitor,

When using a dual monitor system, the two PC DOS command
sequences, MODE CO8¢ and MODE MONO, can be used to switch
between IBM color card and monochrome modes.
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When a dual monitor system is powered on or RESET, the
system will be in IBM mode and text mode. To change to IBM
color graphics mode, the command MODE CO8@¢ (or MODE CO04@
if 40 column graphics mode is desired) should be given
from DOS, optionally in a batch file. The MODE program, an
external DOS file, can be found on the PC DOS system disk.

If Vectrix mode has previously been set with the SV
command, the SI (Switch to IBM mode) command must be set
before the MODE C080 command is given. If this is not
done, the system will respond with "Invalid Parameter" and
must be reset.

To send text output to the monochrome monitor, make sure
the system is in IBM mode, then give the command MODE MONO.
This is another PC DOS external command found on the IBM
PC DOS system disk.

ASCII VS. HEX MODE

The VX/PC cards and the host IBM computer regularly pass
data back and forth. These transmissions can be in either
ASCII (decimal) form or in hexadecimal format, There are
advantages and disadvantages to using each format. The
prime advantage for ASCII is ease; the main reasons for
hex mode are speed and smaller data files.

Using hexadecimal mode, as opposed to ASCII mode, can
greatly reduce storage requirements and access time for
images. Hex files created by a program do not have the
overhead of spaces, carriage returns, and line feeds that
ASCII files must have. Also, ASCII characters must be
reduced by the VX/PC to their hex values before the
processor can execute the commands and interpret data
received.

Transmission modes can be set directly with the KD (Set
Decimal Mode) and HX (Set Hex Mode) commands. There is
also a second method for setting each mode. This can be
done with the B (Bitplane Write Mask), C (Set Color), E
(Erase Screen), and Q (Define Color Lookup Table)
commands. The VX/PC changes the mode (ASCII or Hex)
automatically, based on the format of the parameters with
these commands. The format change then stays in effect
until a direct mode change is given, or until the next B,
C, E, or Q command is issued. A typical series of commands
is presented next, using both modes for comparison.
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PRINT #1, “M300 300 Al00 @ 3600" - requires 20 bytes
to be transferred.

PRINT #1, "M" + CHRS$S(44) + CHRS(l) + CHRS(44) + CHRS(1l)
+ "“A"™ + CHRS(130) + CHRS (@) + CHRS (@) + CHRS (@) +
CHRS (16) + CHRS$S(14) - requires 12 bytes to be transferred.

While the hex mode example requires longer commands when
written in BASIC, the command strings created using hex
mode are considerably shorter than those created with

ASCII mode. Transmission time, rather than execution time
and program size, is the more important consideration here.

When hex mode is used, any 16 bit data sent to or received
from the VX/PC will be in the standard binary format: the
Least Significant Byte (LSB) is sent first, the the Most
Significant Byte (MSB) is sent. For example, the value
3630 is sent as CHRS(1l6) + CHRS$(14).

The formula= for calculating the values to send based on a
decimal value are:

MSB

INT (Value / 256) = INT (3600 / 256) = 14

LSB

1]

Value - (MSB * 256) = 3600 - (14 * 256) = 16

Note the use of the CHRS(x) format for hex data. Hex data
cannot be sent in strings of hex characters as "QE10".

Using either ASCII or hex data transmission, the output of
a program can be sent to a special type of file - a
command file. Data captured in a command file can be

sent to the VX/PC very quickly using the COPY command

from DOS. Since the file contains the complete output of
the program, data is passed to the VX/PC without any of
the calculation time required by the program,

When COPYing a command file, the /B option is recommended
because it is faster and dges not filter any characters.
The format is COPY xxxX.xXxx/B, where xxxx.XxXxxX is the name
of the command file. The extension normally used is .DAT,
which keeps command files identifiable,.

Further information on ASCII and Hex operating modes can
be found in Chapter 4, Section 4.2, "COMMAND ARGUMENTS".
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GRAPHICS PRIMITIVES

The VX/PC graphics processor offers a wide variety of
geometric forms that can be combined on the display to
create a virtually infinite number of images. These basic
forms are called graphics primitives. The Vectrix command
set includes primitives to draw dots, lines, polygons, arcs,
pmatterns, and several types of color fills and floods.

Most of the commands in this category work in both 2-D and
3-D modes: D (Dot), M (Move), L (Line), and P (Polygon), and
F (Filled Polygon) commands work in either 2-D or 3-D space.
Rectangle Fill and any command producing an arc - A (Arc),
OA (Originate Arc), WA (Wedge Arc), or WB (Wedge Arc
Boundary Filled) - work in both modes, but in 3-D mode use a
2-D coordinate implementation.

TEXT PRIMITIVES

The VX/PC card set has provisions for standard and custom
character sets. The default set resides in PROM aboard the
VX/PC - no downloading is needed to use the characters.
Custom sets can be created using the JD (Design New
Characters) command and will then reside in the VX/PC RAM.

The default set has 95 characters - the standard characters
from ASCII 32 to ASCII 126. These include all upper and
lower case alphabetics, numbers, basic mathematical symbols,
and many other special characters.

Characters can be mixed freely on the display with any
graphic image; displayed at any screen location in a variety
of sizes and rotations, with or without custom horizontal,
vertical and intercharacter spacing.

Any of these characters can be re-defined using the JD
command. This is often done for calligraphic type fonts and
to create symbols not otherwise available, such as the
copyright symbol. There are several rarely used ASCII
characters that can be used when only one or a few
characters are to be redefined. These are ASCII 91 through
96 and ASCII 123 through 126,
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The current custom character set can be returned to the
default set at any time with the JIN, G, G¢ commands and by
executing the RESET.EXE program found on the VX/PC disk.

When the text commands are used in 3-D mode, they cannot be
rotated, scaled or translated using the 3-D commands R
(Rotate X, Y, or 2), S (Scale X, Y, or Z), or T (Translate
X, ¥, or Z).

COLOR MANIPULATIONS

The color manipulation commands allow precise color control
for graphic and text primitives and the display background.
Color effects can be mixed in several ways to create very
subtle shading effects. Colors can also be used to hide
images in the background until a new color definition puts
them in the foreground, making possible animation and hidden
drawing effects.

The 9 Bitplanes and The Color Table

The graphics memory on the VX/PC is organized as nine
bitplanes, and each pixel's color is determined by
combinations of the nine bits. VX/PC uses the selected color
number as a nine bit index to the color lookup table where
the color values are stored. Since there are 279
combinations possible, 512 colors can be stored in the color
table at any given time.

When a color table entry is referenced, three stored eight
bit values are output to the RGB monitor. These three values
are the amounts of red, green, and blue an entry will
display. The three values control the intensities of each of
the three color guns in the monitor. While each of the three
color components stored in the color table has eight bits,
the lower four bits are masked off and are not used in the
standard VX/PC configuration. Since there are four active
bits for each component, there are 2712 or 4096 possible
colors.

Changing the contents of a color table entry changes the
color that will be displayed when a color command references
that color table entry. When a displayed image uses a
particular color table entry, and that entry is changed, the
display will immediately reflect the new contents. For
example, a red color on the screen can be changed to grey by

- setting each of the entry's three components, red, green,

and blue, to the same value.
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A complete 16 entry grey table can be built by giving
entries @ through 15 equal incremental values for red,
green, and blue. For example, entry #1 would contain a
value of 16 for the red component, 16 for the green
component, and 16 for the blue component. Entry #31 could
contain 32, 32, 32 for the RGB components. This continues
until the 16th table entry is changed. A sample grey table
is given in Illustration 2.2B.

9 BITPLANES

P
AEL

Illustration 2.1
The Nine Bitplanes

RED |GREEN | BLUE
INDEX O J.o0.L 0 1l ol
iINDEX 511 T 255 255 T 255 T
' >
r
COLOR LOOKUP TABLE MONITOR
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The default color table's 512 entries are arranged so that
the lower three bits of the color number index represent
the red components, the middle three bits represent the
greens, the high bits represent the blues. As the value of
each group of bits increases, the intensity of its
respective color increases.

The algorithm used to determine the default color table
values is this:

The last entry, #5111, is set to R=255, G=255, B=255,

Red, green and blue values are decreased by 32 in
nested loops until all three equal 32. Red is
decremented first, then green, then blue.

The first entry, 40, is set to R=0, G=0, B=0.

NOTE: Even though each color table component can have
values ranging from @ through 255, the lower
four bits are masked off in the standard
configuration of the VX/PC. When the 16 million
color option is added, all eight bits will be
used.

This indicates that the value 255 is interpreted
the same as 250 or 245, The value 15 in any
color table component will be understood as a
zero, since all significant bits are zero.

A partial default color table is given in Illustration
2.23, and a partial grey table in 2.28.
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Illustration 2.2
The Default Color Table and A Custom Grey Table

DEFAULT LOOKUP TABLE

Index | Red |[Green|Blue
0 0 0 0]
1|64 | 32 | 32
2 | 96 | 32 | 32
3 128 | 32 | 52
—~_ L A AL
e e N G N
511 240 | 240 | 240
GReY LOOKUP TABLZ
Index | Red |CGreer Blue
0 0 o 0
1 16 16 16
32 32 32
48 48 48
= = = 2
15 240 | 240 240
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2.6.2 Color Drawing Modes

There are four modes controlling how colors are displayed
when put on top of existing colors on the screen. Colors
can be made to mix, replace, or complement each other
using the OR, RA, RC, or RE commands.

Three additional factors affect color display:

1. Setting the Bit Plane Mask Register
2. Setting the Pattern Register
3. The original color and the overlaid color

The Bitplane Mask Register, set with the B command is. the
highest level of control. If any bit in this register is
zero, no change will occur to bits in the corresponding
bitplanes.

The next level of control is the Pattern Register, set

with the N or the JR command. The displayed result of a bit
in this register being on or off is determined by the color
drawing mode.

A functional description of each mode is given next. The old
color refers to an existing color on the screen. The new
color is the color currently selected. The results indicate
the new color table index used when the old and the new
colors overlay each other on the screen.

NOTE: Color mixing refers to the mathematical
manipulation of color table indexes; it
does not directly refer to visual changes.

MODE NAME ) RESULT

- - - —— - - - - ————— - - - ——— - - - ———— - - - - ——— - - ——— . - - - - - " - — - - - - =

OR OR Mix old color with new.
Colors are logically ORed together.

RA Replace All Replace 0l1d color with all ones if
pattern bit is one, or all zeroes if
pattern bit is zero. Ignore drawing color.

RC Replace Complement Replace o0ld color with its complement.
Ignores new color.

RE Replace Replace old color with new.
If pattern bit = @, bit is unchanged.

S - —— - ————— - ——————— - - - - - - - — - ———— - - - - —— - - ——— -
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Illustration 2.3 describes what happens to individual bits
in graphics memory under all combinations of these four
factors. All color bits must be looked at as a group to
determine the actual color displayed.
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Illustration 2.3
Interaction Of Bitplane Mask Register, Pattern Register, Color, and Mode
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The example in Illustration 2.4 demonstrates how the bits
describing the contents of graphics memory will mix using
each color drawing mode when colors are overlaid. It

is assumed that the Bitplane Register and the Pattern
Register contain all ones, the default setting, allowing
update of all bitplanes.

Illustration 2.4
Color Drawing Mode Bit Examples

- e A o mm mm wm mm m em m e m o m = o e am e A e e M e S mr M M e e m e e e S e e e > e . W e e T mm = T e e -——
EES T T T S ST ST SN TS ST S IS CS IS S CS S ESCCSESCSCSSCSoS S =S=S=S==S=S=S=S=S=S=S=======

Bit Number 1 2 3 4 5 6 7 8 9

Bit Value 1 2 4 8 16 32 64 128 256

Original Color = 7 1 1 1 4 ) 0 ) ) )

Overlaid Color = 57 1 4] ] 1 1 1 @ 4] 0

Resulting OR 1 1 1 1 1 1 ? Y] g0 = 63

Ceclors by

Mode: RA 1 1 1 1 1 1 1 1 1 = 511
RC a ) ) 1 1 1 1 1 1 = 504
RE 1 ) ] 1 1 1 0 ) g = 57

RS R R e

SYSTEM OVERVIEW 2-14




This program can help clarify which mode creates which
effects. Type in and run the color drawing modes
demonstration program,

Color Drawing Modes Demonstration Program -

10 REM ****x*x%* COLOR DRAWING MODES ***xxx*
20 OPEN "“VECTRIX" FOR OUTPUT AS #1
30 LET AS="RF 100 1¢o"

49 PRINT #1, "SV G E7 C56"

50 PRINT #1, "OR M 100 300";AS

60 PRINT #1, “RA M 226 300Q";AS

70 PRINT #1, "RC M 352 3¢0";AS

80 PRINT %1, "RE M 478 300";AS

90 PRINT #1, "JR 129 66 36 24 24 36 66 129"
100 PRINT #1, "OR M 100 150";AS
110 PRINT #1, “"RA M 226 150";AS
120 PRINT #1, "RC M 352 150";AS
13¢ PRINT #1, "RE M 478 150";AS
140 PRINT %1, "JM3 M1g@ 1ag"

150 PRINT #1, “ORSHELLO "

160 PRINT #1, "RASHELLO "

17¢ PRINT #1, "RCSHELLO "

13¢ PRINT #1, "RESHELLO "

190 INPUT AS

200 PRINT #1, "sI1"

210 CLOSE

220 END

The program displays eight squares, four with pattern

and four without, each of whose colors are completely
different, The difference between the squares in each set
is due to the color mixing modes with which they were
drawn.
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2.7

3-D TRANSFORMATIONS

The 3-D commands provide ways to manipulate an object's
orientation, to move a figure to a specific part of the
display, and to manipulate aspect ratios.

In 3-D mode, drawing coordinates sent to VX/PC do not
represent physical screen coordinates; instead object
space coordinates are represented. Object space
coordinates can vary from =32767 to +32767 along all three
axes. The processor automatically transforms 3-D images
into the two dimensional screen coordinates needed to
display a 3-D image on a physical device. This process
uses 3-D vanishing perspective and clipping technigues.

When in 3-D mode, the eye position, or origin, where X=0,
Y=0, and Z=0, is considered always to be at the center of
the current viewport. When the viewport is full screen,
the origin is the point where X=336 and Y¥=240 in 2-D mode.

Illustration 2.5
3-D Object Space

PR X=0, Y=0, Z=0
(/////:4@_\\\\ ~\\\\\ ‘K/
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2.7.1 Clipping

The viewing pyramid defines the area of 3-D coordinates
that will be clipped.

Illustration 2.6
The Viewing Pyramid

ORIGIN

Figures will be clipped if:

1) The Z coordinate is less than 0. This is known

as near plane clipping.
2) The X or Y coordinates are greater than the Z

coordinate.

Figures will not be clipped, and therefore visible, if:
The Z coordinate is greater than 8, and the

absolute value of X and Y are less than or equal
to the Z coordinate.
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For example, when the Z coordinate is 10, the visible X
and Y values are from 10 to -18. wWwhen the Z value is 50,
the visible X and Y values are 50 to -50. The center of
the viewport is always considered to be X=8, Y=0, and Z=0.
So when Z=10, an X value of +5 will be the point halfway
from the center of the viewport to the viewport boundary
along the X axis. If the viewport is the full screen, X=10
will be a point on the right edge of the screen and X=-10
will be a point on the left edge of the screen.

Howevef, when Z=50, with a full screen viewport, the right
edge of the screen represents X=50; X=-50 is the left edge.

Positive Z coordinates are only clipped if the absolute
value of X or of Y is greater than Z.

Illustration 2.7
Another View of The Viewing Pyramid

VISIBLE
AREA
m:mo;m\‘ SHADED
ORIGIN
-2
NE4AR PLAMNE
CUPPED
ABZ(X) 2 CLIFPED =
- 220 B3(%) =2 CLIFPEL \\
AB3(Y) »Z CLIPPED .
OO
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2.7.2 Rotating a Figure
Two types of rotation can be performed in 3-D mode, on
any of the three axes, X, Y, or 2:
1) Rotating an object around an external axis.

2) Rotating an object around its own axis.

Illustration 2.8
Direction of Rotation Around X, Y, and Z Axes
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NOTE: Rotation around an axis should not be confused with
the direction a figure moves. For example, rotating
around the X axis will actually move a figure in
the Y-Z plane.

2.7.3 Rotating Around An External Axis

To rotate an object around an external axis:

The origin is almost always external to the object
if the object is visible. Use the R (Rotate)
command followed by the axis to rotate on (X, Y, or
Z), and the number of degrees to rotate it. No
translation need be done. The object will rotate
around the origin.

Illustration 2.9
Rotation Around an External Axis

ROTATE THREE—DIMENSIONAL OBJECTS
AROUND EXTERNAL AXES

:

\

UNRQTATED CUBE 30° ARQUND Y AXIS
| |
ney 7%

30° AROUND X AXIS 30° AROUND Z AXIS
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A typical series of commands to rotate an object around an
axis external to the object would be:

K3 - Select 3-D mode .
I - Initialize translation matrix
\Y - Set viewport if desired

Draw image Optional

RX, RY,or RZ

Rotate object around X, Y, or Z

Draw image, with or without first clearing screen

Translation

Translation is the process of moving a figure in object
space., Figure replication is simplified using the
translate command to select new coordinates at which to
redraw a figure.

Translation can also be used to move a figure to the
origin in preparation for later transformations, including
rotating and scaling. This method allows a figure to spin,
or rotate around its own axis.

The necessary matrix mathematics for translations is
performed internally by the VX/PC processors, removing
that burden from applications programs.
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Illustration 2.1¢
Translating A Figure

A. Original Figure

10,20,40 30.20,40

10,10,40 30,10,40

ORIGINAL FIGURE

B. Translation

20,30,40 40,30,40

20,20,40 40,20,40

AFTER TRANSLATING
TX 10, TY 10
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2.7.5 Rotating Around An Internal Axis

To rotate and object around its own (internal) axis, the
correct procedure is:

1) Translate the figure to the origin
2) Rotate it on one or more axis
3) Translate it back to the desired position

Illustration 2.11
Rotation Around an Internal Axis

ROTATE THREZ—DIMENSIONAL OSJECTS
ARQUND INTERNAL AXES

N\ /7
N , : ,r
\'—-ﬁ’ i-f
! {
] ! "
X ! | - -
b ~
/ N\ ~
’ N /

30° AROUND Y AXIS

30° AROUIID X AXIS 30° AROUND Z AXIS
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The key is that rotation is always done around the origin.
If this point is at the center of the object, it will spin
on its own axis. If the object does not contain the
origin, the entire figure will move around the origin.

The T (Translate) command can be used to move the object
toward and away from the origin., The actual translation
is not visible - nothing new will be displayed until the
image is drawn or redrawn.

A typical series of commands to rotate or spin an object
around its own axis would be:

K3 - Select 3-D mode
1 - Initialize translation matrix
\Y - Set viewport if desired

Draw image (optional)

TX - Translate X to @
TY - Translate Y to @
TZ - Translate 72 to @
R - Rotate on X, Y, or Z axis or any

comibination

TZ - Translate back to original Z coordinate
TY - Translate back to original Y coordinate
TX - Translate back to original X coordinate

Draw image, with or without first clearing
screen.

To get a figure to rotate on its center, the figure should
be translated so its center, and not an edge, is at the
origin, For instance, if the Z coordinates used range from
10 to 50, the center of the Z axis is at Z=30. So
translating to origin requires this command: TZ -30. The
same applies to the X and Y axes.
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Scaling

Scaling operations are similar to rotations because the
figure can be scaled with respect to the axes of the
origin or with respect to the axes of the figure's center.
The latter requires translating the figure to the origin
before scaling.

A method of scaling a figure around its own center would
be:

1) Draw figure (optional)

2) Translate to the origin of X=0¢, Y=¢, and 2Z2=0.
3) Perform scaling on the X, ¥, or Z axis

4) Translate the figure to the desired position.

Scaling a figure around the origin requires that scaling
be performed and the figure be drawn. However, the results
are completely different than when using the translation
method.

Illustrations 2.12A and 2.12B show the results of the two
methods on a simple polygon.

Illustration 2.12A
Scaling Around a Figure's Center

ORIGIN INTERNAL TO FIGURE

-10,10.60 10,10,60 =20,10.80 20,10,60
o.0.0 ,0.0.0
-10,-10,68 10,-10,60 -20,-10,80 20,-10,60
ORIGINAL FIGURE AFTER SCALING SX 2,1
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Illustration 2,.,12B
Scaling Around An Origin External To A Figure

ORIGIN EXTERNAL TO FIGURE

10,10,60 20,10,60  20,10,60 40,10,60
9.0.0 0.0.0
10.-10,60  20,-10,60 20,-10,60 40,-10,60
ORIGINAL FIGURE AFTER SCALING SX 2,1

2.7.7 Aspect Ratios

Viewports can be used to manipulate aspect ratios in 3-D
mode. The usual reason for changing ratios is to create
square viewports., Occasionally, rectangular viewports are
desirable for manipulating an object. The default viewport
is the entire screen (0 671 @ 479), a rectangle. It is
important to note that a square drawn with the default
viewport will not be truly square.

Three technigues for creating a square aspect ratio are:
1) By using a sguare viewport such as: V 96 575 @8 479,

which sets the largest square ratio available
(see Viewport command).

2) _ By using a scale factor of 480 divided by 672 as
the final step before drawing: SX 480,672,

3) By using the Set Perspective Scaling command (SP).
(See the SP command in Chapter 4, "Reference Guide".
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2-D Use of 3-D Commands

Rotation, scaling, and translation also work in 2-D mode.
The commands able to use 2-D transformations are: Dot,
Move, Line, Polygon, and Filled Polygon. Not affected by
2-D transformations are the arc commands (A, OA, WA, and
WB) and the Rectangle Fill command (RF).

2-D clipping is performed for these commands and for
Rectangle Fill and the Arc commands. Next is an overview
of 3-D commands and their effects in 2-D mode.

RZ - Rotates along Z axis. Positive rotation is
clockwise. Negative rotation is counterclockwise.

SX - Scale along X axis.
SY - Scale along Y axis.

TX - Translate along X axis.
TY - Translate along Y axis.

RX, RY; Sz, and TZ - have no effect in 2-D mode.

V - Viewport is active in 2-D mode, however it
serves only as a clipping boundary and will
not change aspect ratios.

All 2-D rotations and scalings are performed in respect to
the origin (X=0,Y¥=0), which is the lower left corner of
the screen. In 3-D mode, the origin is at the center of
the current viewport.
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2.8 PIXEL AND RAM COMMANDS

The VX/PC cards have built in commands to transfer
graphics RAM directly from the VX/PC to the host or from
the host to the VX/PC. Memory can be read and written
pixel by pixel or bitplane by bitplane. While reading or
writing, the memory data containing the screen image can
be compressed or maintained in its original form.

The Pixel commands RP (Read Pixels), RNP (Read Pixels
Encoded), WP (Write Pixels), and WNP (Write Pixels
Encoded), read and write pixel color values directly to
and from graphics memory. The four commands operating on
pixels read or write all bitplanes at once, giving a
specific color, regardless of the settinyg of the Bitplane
Mask Register.

The RAM commands RR (Read RAM), RNR (Rezad RAM Encoded), WR
(Weite RAM), and WNR (Write RAM Encoded) read and write
graphics memory as binary words on one bitplane at a time.
The use of these commands is usually faster than the Pixel
commands.

Both types of commands, Pixel and Graphics RAM, start
operations at the current drawing point and proceed left
to right on the screen. Both can be used in ASCII or Hex
modes, and Flash or Blank Video modes.

2.8.1 Compressing Images With Run Length Encoding

Both command types can read or write raw data or can

encode the data using Run Length Encoding. The unencoded
versions of the commands are used to manipulate small

areas of the screen. The encoded versions are usually used
when an entire screen or bitplane is to be saved, because
the amount of data to be transferred can be greatly reduced.

The RNP and RNR commands use a process called Run Length
Encoding to compress images, often achieving a five to one
compression ratio. These two commands are similar to the
unencoded versions but take the transfer several steps
further.
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The Read Encoded Pixel command (RNP), starting at the
current drawing point, reads the color displayed and
continues reading pixel colors until a different color is
found. A counter keeps track of any color repetitions
found. When the new color is found, the VX/PC processor
sends a 16 bit word of data to the host which includes
both the color value and the number of repetitions. It
then proceeds on to the next pixel., This process continues
until either the end of the screen is found, or the
specified pixel count is met.

The Read Encoded RAM command operates in a similar manner,
but reads only one bitplane at a time, and encodes only
words of all zeroes (0090H) or all ones (FFFFH). Other
word values are sent unchanged to the host as they are
read. Reading and transferring a entire image requires 9
separate commands, one for each bitplane.

The commands WNP and WNR can be used to restore an image
compressed with the RNP and RNR commands, but data types
cannot be mixed. If an image is stored pixel by pixel, it
cannot be properly restored using the WNR command.

In general, the amount of compression is determined by the
characteristics of an image. Pictures with large contiguous
areas of a particular color will compress better than
pictures where there is little color repetition. Along with
reducing the stored size of an image, these commands speed
up loading and saving operations - less data is

transferred between the IBM and VX/PC.

CROSSHAIR COMMANDS

There are five related commands used to control internal
crosshairs. Each can be turned on and off, set to a specific
size, set to a specific location, and the system can return
the current location of the crosshair.

All crosshair values are accepted and returned in physical
screen coordinates. These can be @ to 671 along the X axis,
and @ to 479 along the Y axis.

Crosshair size is not affected by viewing transformations
such as scaling, rotation, and translation. Size, horizontal
and vertical orientation, and screen location remain the
same throughout these transformations. The relationship
between the physical screen coordinates and the -
information on the screen is the user's responsibility.
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Crosshairs are drawn in the complement of the color
covered. On a white screen, crosshairs will be black; on

a black screen, crosshairs will be white. The colors are
complemented based on their color table index value. In
the default color-table, white is the complement of black
and vice versa. If the color table is changed, this may no
longer be a valid assumption. When the crosshair
intersects objects on the screen, the crosshair color
will change to reflect the complement of the color
currently being covered.

All crosshair commands can be drawn in both 2-D and 3-D
modes, although always displayed in 2-D. In both cases,
the crosshair is clipped at viewport boundaries.

2.10 COLOR PRINTING

The VX/PC command set provides access to printer drivers
for printing any screen image to the Radio Shack CGP-220,
Canon A1210, Canon PJ1080, Quadjet, or Advanced Color
Technology ACT II color ink jet printer. To use the
printing commands, a printer must be connected to one of
the IBM parallel printer ports, LPT1, LPT2, or LPT3.

There are two basic types of printing the Vectrix command
set can perform: non-dithered and dithered. Non-dithered
printing allows for eight colors created from the four ink
colors. When reproducing images from the monitor, the
closest of the eight colors is printed. Non-dithered
printing can be done with the commands HNP and HNR or with
the MPRINT.EXE, CPRINT.EXE, QPRINT.EXE or APRINT.EXE
programs.

The dithered printing commands work differently. After
finding the first color, the color table entry for that
color is scrutinized. The three bytes, one each for red,
green, and blue, are read. If any one is less than 127, it
is ignored. If the value is greater than 127, the color is
printed. When a color table entry contains values greater
than 127 for two or more of the three bytes, the commands
to mix or overlay primary colors are passed to the
printer. Then the next color is read from memory.
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2.10.1

Knowing this pattern can come in useful if a certain color
is not printing well. The color table values can be
manipulated to make the values greater or less than 127 to
emphasize or remove emphasis from any particular color.
Dithered printing can be done with the dithered printing
commands (HP or HR) or with the MPRINT.EXE, CPRINT.EXE,
QPRINT.EXE, or APRINT.EXE programs.

The Color Printing Programs

Provided on the VX/PC disk are the executable programs
MPRINT.EXE, CPRINT.EXE, APRINT.EXE and QPRINT.EXE. MPRINT
is used to print to the Radio Shack printer, QPRINT prints
to the Quadjet or Canon A1210 printers, CPRINT to the
Canon PJ1080 printer and APRINT to the ACT II. To reduce
confusion, we will use the term MPRINT to refer to the
program for any printer. The three programs use similar
parameters and function in the same manner.

MPRINT prints the contents of the screen when it is called
from PC DOS. When operating, the program calls the
dithered or non-dithered printing routines residing in
PROM, on board the VX/PC.

There are four optional parameters used with this program.
The parameters can be passed in any order, and can be left
out when the default controls are desired.

1) The first parameter is for eight color (non-
dithered) screen print or for 125 color
(dithered) printing. An "8" indicates 8 color,

and a "1" prints in 125 colors.

2) The second parameter is for reversed or normal
printing. Normal printing prints the screen
exactly as the screen appears. Reversed
printing prints black where the screen is white
and prints white (leaving the paper unchanged),
where the screen displays black. "R" reverses
black and white.

3) The third optional parameter controls which
printer port will be used: LPT1, LPT2, or LPTS3.
The parameter is a "1", a "2", or a "3".

4) The fourth parameter can be used with only the

Quadjet or ACT II printers. A "D" indicates double
strike on the Quadjet, and double size on the ACT II.
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2.10.2

The codes for the printing parameters are listed next.

# CODE MEANING
1 1 (or blank) 125 color dithered printing
8 8 color non-dithered printing
2 blank Normal printing
R Reversed printing
3 1 (or blank) Use printer connected to LPTLl:
2 Use printer connected to LPT2:
3 Use printer connected to LPT3:

4 D Double-strike on Quadjet
D Double size on ACT II. This
doubles the size of the left
3/4 of the screen.

Two examples of MPRINT options:

MPRINT - prints the screen using up to 125
colors, in normal fashion, through
LPT1. All parameters are default.

MPRINT 8R2 - prints in 8 color mode, reversed,
and using LPT2.

NOTE: Due to limitations of the printer, the MPRINT.EXE
program prints from pixel 16 to pixel 655 of the
screen; 640 pixels are printed.

The Color Printing Commands: HNP, HNR, HP, and HR

The HNP, HNR, HP, and HR commands are available for direct
use. These commands return data representing the screen
image to the host computer; the commands do not also send
the data to the printer. This is a separate operation.

Using assembly language and the supplied MPRINT source code,
MPRINT.ASM on the VX/PC disk, the code to do this can be
developed. Using some high level languages, including

BASIC, a way must be devised to receive the data without
having the language trap characters such as Ctrl Z and
carriage returns. A sample BASIC program is provided next

as a guide.
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2.10.3

10 OPEN "VECTRIX" FOR OUTPUT AS #1 : PRINT #1,"SV HR"
20 CLOSE #1

30 WIDTH "LPT1l:",255

430 ON KEY (1) GOSUB 90 : KEY(1l) ON

5¢ OPEN "“R",1,"VECTRIX",128: FIELD 1,128 AS C$

60 GET 1
70 X$ = CS : LPRINT XS$;
80 GOTO 60

90 CLOSE #1 : OPEN "VECTRIX" FOR OUTPUT AS #1
100 PRINT #1,"SI"
116 CLOSE : END

An alternative to writing a program can be used from IBM's
BASICA, This method uses the SHELL command, from BASICA,
to call a DOS routine (in this case MPRINT), execute the
routine, and return to BASICA at the next statement. SHELL
can also be used from within BASICA in the immediate mode.
Two samples of the correct syntax for this method are
given next.

SHELL "MPRINT" (immediate mode, no parameters)

10% SHELL "MPRINT 8R2" (deferred mode, explicit parameters)

Dithered Colors

Dithering is the process of creating patterns of dots,
simulating to the eye apparent colors and shades. The
dithered printing commands (HP and HR) approximate the
printing of up to 125 colors.

Dithering is performed by first reading the color table
values for each color. Based on these values, the
algorithm decides on the pattern to be used when printing
the color. The algorithm is designed for situations where
the color to be printed covers a two pixel by two pixel or
larger area. If only one dot of a color is found, results
will be different, based on whether the coordinate printed
is even or odd in the X and Y axes.

The 2 x 2 matrix is set up as shown in Illustration 2.13.
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Illustration 2,13
Dithering Patterns

Even X 0dd X
etk LT T ppp—— ]
0dd Y ! Pixel 4 ! Pixel 3 !
I R et !
Even Y ! Pixel 2 ! Pixel 1 !
lemm e e e e !

These even and odd coordinates represent pixels on the
screen. The color values determine the actual printing
pattern as given next.

Color Table

Value Pattern Comments
g - 31 (CI B Prints a blank area, with no color
—— e
g !9
32 - 63 g ! 1 Prints 1 of 4 possible dots. If one
-=l-- dot, will print only if position on
210 paper is odd in both X and Y directions.
64 - 127 g 11 Prints 2 of 4 dots. In small areas of
-——l-- color, prints if dot X and Y position
119 are both even or both odd.
128 - 191 g ! 1 Prints 3 of 4 dots. Leaves paper blank
-=l-- only if both X and Y are even.
1 !0 1
192 - 255 1 11 Prints a solid area of the proper color.
—— e
111

v o - . - - - - - ——— - - ———— - - —— ——— - - — - - - - . - - - W - - - - ———

NOTE: The dithering pattern is performed separately for each
of the three primary colors. When two colors are mixed,
the dots are overlaid by mixing the primary colors.
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2.11.1

EXPLORING THE SYSTEM

This section provides two programs for passing commands
from the computer to the VX/PC interactively. The first
program is intended to aid in exploring the 2-D command
set. The second can be used to interactively manipulate a
figure with 3-D commands Rotate, Scale, and Translate.

2-D Input Program

2-D Input accepts any 2-D commands and passes them to the
processor. To enter more commands, press ENTER. When
finished, type END.

Some typical

POX0OMm

RF

> n 2

JM
OR
RE
RC

XHN
XHF
XHP
XHS

RV
XF
\Y

10 DIM Y$(80)

20 OPEN

30 INPUT
40 IF YS=

"VECTRIX" FOR OUTPUT AS #1
"ENTER 2-D COMMAND ";Y$
"END" THEN CLOSE :STOP

50 PRINT #1, "sSv"; Y$

60 INPUT AS
70 GOTO 30

KX X 00
=<

al a2

5
oy

string
al a2

xl,%x2,yl,y2

: PRINT #1, "SI

commands are:

Erase screen to color c.

Select c as next color.

Move drawing point to x,y.

Draw line to x,y.

Draw arc of r radius, from angle al
to angle a2.

Draw filled rectangle of width w
and height h.

Set pattern register to n.

Prints 'string'.

Set character slant, al, and
rotation, az2.

Set character magnification to n.
Set OR color drawing mode.

Set REPLACE color drawing mode.

Set REPLACE COMPLEMENT color
drawing mode.

Turn crosshair on.

Turn crosshair off.

Set crosshair position to X,Y

Set crosshair size to w width and
height.

Print PROM version number on screen.
Fill complex bounded area.

Set viewport bounded by x1,x2,vyl,vy2.
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Commands can be entered one at a time or several to a
line. Be sure to enter spaces between numeric parameters,
not commas, because BASICA uses commas to delimit input
arguments. Most available commands, excluding only some of
the 3-D commands and those needing many parameters, can be
entered with this small program.

Pressing the enter key when finished will clear the
screen and the program will prompt for another command. To
exit, type END and press the enter key.

2.11.2 3-D Input Program

3-D INPUT is a useful program for understanding how to use
the 3-D command set. Since more than one command can be
entered on a line, a series of commands, such as
Translate, Rotate, and Translate again can be entered.
This program is intended for use with the Rotate, Scale,
Translate, and Set Perspective Scale commands. The 2-D
commands should not be used.

When this program has been typed in and run, a cube will
appear on the screen. The front face of the cube is shaded
yellow to help identify the cube's orientation after
rotation or translation, Pressing ENTER will clear the
screen and ask for 3-D input. Commands can now be entered to
manipulate the cube in object space. After each figure is
drawn, press ENTER to enter more 3-D commands or type END
when finished. The commands are not cumulative because of
the I command in line 40. Type END and press return when
finished.

5 OPEN "VECTRIX" FOR OUTPUT AS #1
6 GOTO 40

10 INPUT "ENTER 3-D COMMANDS ";YS$
20 IF YS$ = "END" THEN STOP

40 PRINT 41, "“SV RE K3 V96 575 @ 479" ‘Replace Mode,
50 PRINT #1, "I";YS ‘Initialize matrix,
68 PRINT #1, “EZ C7" ‘Clear screen.

70 PRINT #1, "F63 4 -25 =25 50 -25 25 50 25 25 5@ 25 =25 50"

89 PRINT #1, "pP4 -25 -25 10@ -25 25 16@ 25 25 100 25 -25 100"

120 PRINT #1, "M -25 -25 50 L -25 -25 100"

110 PRINT #1, "M -25 25 50 L -25 25 100" 'Draw connecting lines
120 PRINT #1, "M 25 25 50 L 25 25 100"

130 PRINT %1, "M 25 -25 50 L 25 -25 140"

135 INPUT AS

140 PRINT #1, "sS1"

160 GOTO 10
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Some interesting command series are:

RX3003 =~ Rotates cube 30 degrees around X axis.

RY300 - Rotates cube 30 degrees around Y axis.

RZ300 - Rotates cube 30 degrees around Z axis.

TZ -75 RX 306 TZ 75 - Translates cube to
rotates on X axis,

Z origin,
and translates

back to original position.

TZ -75 RY 300 TZ 75 - Translates cube to
rotates on Y axis,
back to original 2

SX

2 1 - Scales 2:1 along X
SX 1 2 - Scales 1:2 along X
Sy 2 1 - Scales 2:1 along Y
Sy 1 2 - Scales 1:2 along Y
Sz 2 1 - Scales 2:1 along 2
Sz 1 2 - Scales 1:2 along Z
Sp 2 1 - Same as SZ 1 2,
SP 1 2 - Same as Sz 2 1.

These are only a few of the many possibilities.
interested in 3-D, you can combine commands and
argument values to get more or less perspective
commands. For instance, by changing line #30 to

Z origin,
and translates
position.

axis.
axis.

axis,
axis.

axis.
axis.

I1f you are
vary

on these
set the

default viewport, the cube will become a rectangular

figure.
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3.1 GENERAL PROGRAMMING OVERVIEW
3.1.1 Using One Monitor vs. Two Monitors

Either one or two monitors may be used in a system with the
VX/PC card set. The first will always be a high quality
analog RGB monitor. A second monitor, if connected, can
only be an IBM monochrome monitor or equivalent, connected
by a monochrome adapter card. This adapter cannot be a
multidisplay board, containing both a monochrome and color
graphics adapter.

Kk ok ok k ok ok ok ok ok ok ok ok ok kok ok kokkkkk WARNING kkkkkkkkkhkhkkhkhkhkhkkkkkkkkkkx

AN IBM COLOR CARD CANNOT BE USED IN A SYSTEM WITH VX/PC CARDS
DAMAGE MAY RESULT TO EITHER OR BOTH CARDS

khkkkkkkkhkkkhkhkhkhkkhhkhkhkkhkhkhkhkkhkhkhkkkhkhkhkhkkkhkkkkkkkkkkkhkkkkkkkkkxk

A color adapter board can be nowhere in the system because
the VX/PC board set has a built in IBM equivalent color
graphics card. If another graphics board is in the system,
bus contention will result. The IBM will not know which
system to use, therefore neither will work properly. The
same contention would result if two IBM graphics boards
were installed.

With a two monitor system, any errors generated by a
program will display on the monochrome screen, in the
normal fashion.

Using a one monitor system for programming in a high level
language means a single monitor is used for the IBM text
commands and messages as well as the VX/PC graphics
output. If an error occurs while the VX/PC is in Vectrix
graphics mode, the IBM will print its error message to the
IBM screen, which is hidden by the VX/PC display. The IBM
must issue the SI command to return the system to IBM
color graphics mode so the message or condition is
visible.

Details provided here and in the REFERENCE GUIDE, Chapter
4, under the commands SI and SV, will assist the user with
a single monitor system. As long as the IBM can issue the
SI command, the system should be able to return to IBM
mode. This can be done by creating ON ERROR routines in
all high level programs. Additionally, selected function
keys can be set to give the SI command if n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>