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s Mariual and Software Desd
Utility Software Fackage.

Software Version:
HRG Version 2.5/2.6, March/April 1984

This document not
angd 2:481n the texty

any differences betwesen versions 2.0

Date first written: O02-Apr-84

Date of updates: 18-Apr—-84 -~ Version 2.6 enhancements included

Hardware Reguirements for this Software Fackage:
SM1 SBC Computer with 4, & or 8 MH: clock and &4kbytes RAM

At least one floppy or hard disc drive
Colour or Monochrome HRYX Graphics boards

CFM V1.4 or V2.2 operating system

Furpose of software:

Toe provide immediate user control of the HRX Graphics
hardware by means of a set of primitive picture” manipulation
commands. This version of HREG allows only immediate interaction
by the user typing commands directly on the console, but  the
software iz written in a modular way as a "toolbox" of
structured as a set of subroutines directly accessible
WLEB G LF QMO 0T v Later versions HFRG will provide for direc
of the graphics : fram high'=level or machine code
T OQE s . ~sion requires the use of the direct
execution chal - provided or the manual linking of
reguired subroutines by user with the user®s application
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o The HRX Graphics System.

-em  consists of a
double-width controller and memory card and further optional
double memory cards (required for colour use). In additiorn, if
frame grabbing is reguired, & mingle (monachrame) ar  three
chiarnmel (Calour: flash A/D converter is required. ] ypical
colour system consists of the controller/memory board, which acts
as the BREEN frame store, an additional double memory board for
RED and BLUE frames and the three channel flash A/D board. The
controller part of the system provides the interface to the 5M1
bus &0 way edge connector which allows it to accept corrteal: - ~and
data direct from the SM1 bus. Each memory section (frame store)
is equipped with an 8 bit high speed leook-up-table RAM  which
allows the user Lo set up a colour map for each channel (R,G and
B) and finally a high speed ECL 8 bit D/A converter provides as
output to a video monitor a standard 1 volt peak-peak 73  ohm
video signal.

Input of video signals is accomplished by way of the flash
A/d converters which provide a & bit (the least significant 2
bits are not used with these A/D converters) parallel digital
signal as input to the HRX memory sections. When grabbing frames
in colow, the system stores data at a rate of 7. 2Mbytes/second
and also reads out this data directly (via the look-up-table or
palate RAM and D/A converter) onto a video monitor. Frame
grabbing in no way affects video readout and computer (Z80)
access to  the RAM can take place randomly at any time in  the
video raster readout without having any effect on the read out
picture. This is possible because the system generates two sets
of memory acu

The hardware +for the HRX graphics s

ess cycles which are interleaved so that a video
readout coycle always follows a video input-cycle. Video input
cycles preclude computer access to the frame store but'® do not
inhibit computer access to the other functions of the graphics
controller.

The graphics ‘controller section of the system, which is
implemented from Schottky TTL has the function of control-ling the
input and output memory cycle timing, arbitrating betwsen the
video and computer access to the frame stores, setting and
reading the look-up-table RAMs, positioning the video readout
area on the monotor screen and determining which area of RAM is
operated on by the Z80 and which area is read out to the videa
SCreerl. The controller operates on a standard 625 line SO0Hz
rraster C viar 5259 line 68H= ) and allows the  following sSEEeen
formats:

sk

=78

236

78

256 pixel square format non-interlaced

256 pixel rectangular format non-interlaced
S12 pixel sguare formalt interlaced

512 pixel rectangular format interlaced

* %k % %k *x X

512 2546 pixel sguare format non—interlaced, double res.
oo

256 pixel rectangular format non-interlaced, doubil e
resolution.

ixel square format interlaced, double res.

interlaced, double res.
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IWdeilz% v
""" ad for
hQHC& required for colouwr operatiocn ).
The present version (2.5) of HRG does not support
double resclubtion working.
If the system is used with the NTEC standard 3259 line
&HOHz r ter, frame bhlanking requirements cause bhe
ol mumn number of displavable lines to be approdimately
2 oin interlaced mode (out of S12 possible) or 240
in non-interlaced node (out of 284 possible).

slution reguire
ach frame st

byoar g

raphic control ler organis

frame store ao that the

avallable frame memory (for a given colow, single
) is organised for video readout as 4 pages which  may
ed separately for display as 4 Z5& by 2856 screens or by
g two screens together 2548 by 12 2 screens)  or by
scresens  side by side 378 by 286 (2 screens, the
pixel count being limited by the aspect ratio of the
s finally using all 4 pages to provide one screen full
by choosing 2 scoreens set side by side and interlacing
2iscreens with this (31 screen, T78 by 512 ). Any of
nes ooor any combination of them can be displayved as
The video input is always directed into the cuwrrently
creen and the mode of frame grabbing will correspond to
readout mode selected: e.g. if page O is  interlaced
1 to give a video readout of an  interlaced 256
e by 312 (verticaldeipi ctur then the frame grab will
wivalent 286 by 512 inlerla 3d sguare format picture.
80 on the SM1 SBC board gains tao the frame store
a selected video line mapped into its memory map.
cessing the HRX graphics controller, the ZBD  must
prmqram to opesn & "window" in the (normally continuous)
ss o apace of bthe SMI1. This window is a 1k segment of
d  can be positioned at any 1k boundary in  the &4k
range of the Z80, The 1k area represents one video
ach of the 4 vi pages { 4 lots of 2546 bytes ). Ta
specitfic- video ]JH( {of the 2548 available) the Z80 must
Tire uumt& reguired to be accessed (0 to 285 ) to an
t associated wi*h the graphics controller. Once a line
addressed in : vy the Z80 can without restriction
value of UI”e'“ in bthat dine in each ‘oF  the  $four
video pages. Aocess can be elther read or write, data
rng the intensity of a pidel is stored in the frame
A8 bt byte for hoEalouc, - a further outpit pact 1
@lect which frame e (R G or Bl is to be read from
af f Frame sl any data is to be witten to when a
and E 280,
/0 with the HRX Graphics controller
Les e uh]rn plane to read and write from/to (
} ar'xd wl":,-'( !"‘i look-up-table RAM (palate RAMY) Lo access
. wWrrite data and write address). A oultput port allows
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to enals]
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computer :
this allows bLhe re = Y
with an e ignal, a camerasar the

terminal’s own sync to allow the graphics
display to on the same monitor as the console
A input  port allows the user to determine the gtatus = of
display controller (line and frame blanking times and ready
reading or writing from/to the palate RAMs) . Further input ports
allow a light pen bto be used in conjunction with the display o
allow the

HOILL Eari fd

brez ;
compuler i

—
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bt
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to read back the address of the pixel on the
e coinciding with the light pen position. More aubputiposts
are provided to allow the user to switch the display on and off,
select wide sc o narrow screen oode, double resolution  and
to  sal or pages (see above) which are visible on the
moni tor

1] e -

The: I1/0 ports sgoribed above are organised into a 14 byte
bl atks Eainsdnpud aurtput. This block can be selt by switches on
the controller board to be at any 16 byte boundary in the 256
byte I1/0 map of the Z8O0.

For use wilh the HRG software, the memory window must be set
at ODCOOM and the I1/0 block set at ODOH.

Input to the system flash converters is 1 volt peak-peak 73
ohm video R G B and sync with level from 1 volt peak-peak to O
volts peak-peak. On a monochrome signal, only the Green channel
of the flash converter is used and a composite video input i
expected, thiere yeing a sync separator on the flash a/D  board.
Output from the system is standard 1 volt peak-peak 75 ohm  video
am ol SREL : ¢
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HRG Software OQverview

Thies sic software pa e to allow mp@rﬂtiun of . bhes HEX
hardware is called "HRG". The package is basically a subroutine
gset  to a&llow the user to call qrdphlL; functiaons,. from his
application program, whether it is BASIC, FASCAL., ASSEMELY or any
other language. The addition of a console handler and command
string interpreter (C51) module allows a demonstration system to
e constructed by linking the entire subroutine set with this CSI
module to give the user instant (immediate mode) access to all
the available graphics commands by typing the command {and its
arguments if applicable) on the kevboard.

This command string interpreter is called, as a module,
YHRGE, and when linked with the JREL subroutine set (The HRGLIE
library) Fforms & JCOM file again called "HRG". The commarnd
interpreter  can  be  invoked as with any other standard CF/M
program merely by the wser btyping its name. It then initialises
the graphics syvstem and waits for the wuser to type fuwther
commands on the keyvboserd.

The total size of the HRG.COM program (CSI + Subroutines +
Buffer memory space) is 40kbytes. It requires at least a 48k
version of CF/M to run successfully and hence determines that the
system it is executed on must have &4k of RAM.

The software is written entirely in 8080 and Z80 assembler
code, assembled wsing the Microsoft MBO macro assembler. The
maximum size of a single module (JREL format) is 8k bytes.

The processing provided by the HREG software package falls
into eight categories, these are:

L

Fixel movemenlt commands

Image processing commands i

Colow conversion commands

Faal Time video input commands

Fictue selection and placement commands

Pluttlﬁq commands for drawing lines or points
: Jetore commands

commands

BT )
T LR

et

A

XJtJ 11 L.

8 Jf Y 8 0 B A

P Y

i

To give a brief overview of these command types, lists of
commands in each category now follow. Section I of this document
describes the function and usage of each command seps-ately in an
alphabetical list.
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1. Fictw e Selection and Flacement Commands

e commands allow the user to seleclt which of the stored
pictuwres in the frame stores to view, switch frame stores on and
off to select operation by the computer on a given colow (or all
colowurs) and to  set the video display format and the frame
position on the video monitor screen. The commands are:

ADDINTFAGE Set the frame store page which would appear
as bthe extra right hand extension in wide
scresn interlace mode.

ADDFAGE Set the frame store page which would appear
as the extra right hand extension in wide
screen mode as the basic page.

BASEFAGE Set the frame store page which would appesa-
in the normal display position.

{ BLACKE Allow computer access to no frame stores

BLUE Allow computer access only to the blue frame
store 1+ MONOCHROME mode is active.

COLOUR Set COLOUR mode (opposite of MONOCHROME) in
this mode all frame stores are acted upon by
palate or frame store manipulating commands.

CYAn Allow computer writes to be made
simul tansously to the bluse and green frame
stores when MONOCHROME mods is active.

ELILL: Set up the screen so that wide screen mode
is activated (WIDE) with pages O and 1
interlaced with pages 2 and 3

GREER Allow computer access only to the green
frame store 1if MONOCHROME mode is active.

HALF Selt up narrow screen mode (MARROW) with page
O interlaced with page 2

ITNTRF&GE Set the frame store page which is interlaced
with the basepage (BASEFAGE).

MAGENTS Allow computer writes to be made
simul taneously to the red and blue frame
stores when MONOCHROME mode is active.

MONOCHROME fAotivate MOMOCHROME mode (opposite of
COLOURY in this mode, only the selected
frame storel(s) is/are acted upon as set
by the user.

MARROW Selt narrow (square) screen format

RED ~llow computer access only to the red
frame store i+ MONOCHROME mode is active.

SINGLE Set a single page to be the basepage.
interlace pages, additional page and
additional interlace page.

WHITE Al low computer writes to be made
simul tanecusly to the red, green and blue
frame stores when MONOCHROME mode is acltive.

WIDE Set wide {(rectangular) screen format

YELLOW Allow computer weites to be made
simul tanecusly to the red and green frame
stores when MONOCHROME mode is active.
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for drawing 1in

or points

allow bthe us ngle: Spixel
w1l lines (vecltors) or rectangles on the screen positioning
cursors and  instructing the graphics controller accordingly.
Lines and dots which are drawn are stored in a "drawing list"
which can  then be used to save and redraw the line drawing as
reguired.  The commands are:

BACEGROUND Set the background intensity te erase to whern

: using style ERASE.

BANDOFF Switch off the "rubber band" vector which can
be placed on the screen as a drawing aid.

BENDOMN Switch on the "rubber band" vector.

BORDER Cause a border to be drawn round the
perimeter of the displayed picture in page O

CURSOR Fosition a graphics cursor on the screen
which can be moved up/down/left/right to set
& point: position on the Scfeen.

paT Draw a single point at the cursor position.

GRID Cause a grid of selectable spacing to be
drawn onto page O

INTENSTTY Set the intensity at which subseguent
line drawing operations will draw.

RECTANGLE Draw a rectangle from one cursor pesition
to a second cursor position, the two cursor
positions defining opposite corners of the
rectangle.

ST YL Set the style in which subsequent lines are
dirawn.

VECCLEAR Clear the drawing listeheld in memory

VECDRAW Draw on the screen the lines specified in the
drawing list held in memnory. :

VECTOR Draw a vector from one cursor position to a
‘second cursor position, the two cursor
positions defining the ends of the line.

14
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CHARL.OAD

CHARSAVE

L.OAG

MTXLOAD

MTXSAVE

SAVE

VECLOAD
VECSAVE

Braphics Bys

commandcs
disc either complete pictures I
represesntations

The commands are:

3 Suftware Manual

Commarcs

erable bhe

5 e
! GRS .

1 or  monochromns)
pictuwres or files containing drawing

~oad a picture in character format into page
0 of a frame store (Monochrome only, uses the
gresn frame store)
Saves a pi we in character format from page
0 of the green frame store.

Load a pixel for pixel image from disc into
page 0

Load a picture in MTY (Memotech) format into
page O (COLOUR, all frame stores are loaded)
Save a pictuwre from page O in MTX (Memotech)
format .

Save a pixel for pixel image on disc from
page .

Load a drawing list into memory from disc.
Save a drawing list held in memory on disc.
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8. Utility

Thigs

covered

far clearing

ANIMRES

CLEAR
DELAY
EGET

FURNCTION

HELF

HERA&FH

OFF
on
RESET
SYNC

TED

VERARFH

VETART

¥ oad o

Coommagicls

anctions

allow the 1
they are

ti | au
and inittialising the HRY system. The commands

af bits Lo save when crealting
~ies of pictures in SEQGRAR for
subsequent animation.

Clear page O to a set intensity

Set the delay uwsed for animation

Fimish with HRG: all parameter
frame stores and palates are 1
and control s passed to CPR/M.
fograph of the cwrerent valuwes stored in &
palate is drawn on the scoreen: this is the
look-up~table transfer function.

A list of available commands is displayed on
the console scoreen.

The intensity of pixels held in frame store
in o a line add saed by the cursor in page 1
araphed in the appropriate colow on

page 0,

The horizontal starl position of the frame on
the monitor is set.

The graphics display oubtput is disabled

The graphics display oultput is enabled

A1l parameters are set to initial values

Sl ows the i t the active syno

SO E :

Constructs & test palttern on the screen

(page 0.

The intensity of pixels held in frame store
Time addresesed by the cursor

in the appropriate

t the numb

are lost, the
aft unchanged

lec

ttion (from the top

he frame is set.
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