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Introduction

1.1 THE RD DIGITAL TRACER

The RD Digital Tracer is manufactured by RD Laboratories, =
division of Kane-May Measuring Instruments, for a range of populas
personal microcomputers.

The use of high precision components and sophisticated calibration
methods enable the use of the Tracer in quantitative measurement
applications in addition to simple creation of complex graphics
as described in this manual.

No software knowledge is required to operate the Tracer. Jusl
following the instructions in this manual will soon allow the Tracer
user to see the graphics potential of the ZX Spectrum. Previous
knowledge of the computer, and access to the Spectrum manual,
is of course an advantage, particularly in handling data Tfiles,
and when graphics displays are to be Llrapsferred into the user'
own program.

The copyright software provided is self-contained, but ls accessible
to Spectrum programmers who wish to modify it for specific app-
lications. Understanding the BASIC software is facilitaled by

the inclusion of REM statements, and we have included software
hints in Section 5.

1.2 THE MANUAL FOR THE ZX SPECTRUM TRACERS

This manual provides the full operating instructions for both the

A3 and A4 tracing area versions of the RD Digital Tracer
the ZX Spectrum. These two variants are coded throughout
text as follows:-

lor

the

4

A3 version RD=Z2X/A3
(originally RD-ZXP or 2ZX Professional}

A4 version RD-ZX/A4
{originally RD-ZXS or ZX Standard)

Users are recommended to read the manual right through before
setting up the Tracer for operation.

1.3 EQUIPMENT PREPARATION

(a) Mechanical Arrangement of the RD-ZX/A4

The RD Digital Tracer RD-ZX/A4 is supplied with & Lracing sheet
printed with a grid of approximately A4 paper size.

The Tracer arms are ready to fit to a drawing surface of your
choice - a drawing board, light box, or direct to your desk or
table top. A piece of white faced laminated chipboard 450 x
300mm forms an ideal board when laid out as In figure 1.(Although
the tracing sheet defines a standard A4 tracing area of 256mm
x 176mm, the Tracer will access most of this board area using
the scaling facility described in section 4.3)

The short arm of the Tracer should be lixed parallel to the left-
hand edge of the drawing surface, using the double sided adhesive
strip supplied, or with a suitable clamp, Alternatively use screws

for a more permanent installation.




The left=hand edge of the grid on the tracing shest
parallel to the @xis of Lhe shotl arm al & distance of  100mm
A cardboard Lemplate is provided.  This should be fpld o r”[il'.l"i
in position against the [fixed Tracer arm while thp traeing sheet
is aligned with its comer cut-out "X'%  The tracing shes
then be taped lo the driawing sutface and the temiplol o
removed.

Ml he

iy

may |lp

The tracing sheet grid now defines the area which will be trane
to the (ull graphics sereen, when the Tracer §s operated  with
standard. sealing.  Prawings to be copled should be secured within
the ‘grid outline, ideally with horizontal and vertical line, aligrsd
with the grid.

Tesgreaid

(b) Mechanical Arcangements of the RD-ZX/A3%

The RD Digital Tracer type RD=-ZXSAL s supplied with @ fleo
tracing sheet overprinted with a grid of approximately A% paper oz,

The Tracer arms are ready Lo 1t to a drawing surface of vou
choiee - o drawing board, light box, or direct Lo your desk o
table lop. A plece of while faced laminated chipboard 450

G00mm forms Bn ideal board when laid ool a8 in fgure 2. CAIKouoh
the trocing sheet defines a standard A3 Lacing  area of  400mm
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% ZdSmm, Lhe Tracer wil
the scaling facility deseribed o nection 4:%)

Access most ol this board orea using

The short arm of the Tracer should first be fixed purallel to
the Lop edge of the diawing surfoce, using the dauble sided adhesive
strip supplied, or with a sultable clamp.  Alterratively use sciews
for @ more permanent Installat|on.

The top edge of the grid on the tracing sheet must be parallel
to the axis of the short orm ot o distance of 12%mm, A cardboard
template Is  provided. This should be held or taped in position
against Lhe fixed Traeer nrm while the Lracing sheet is aligned
with its bottom sdge 'y, The tracing sheet may Lthen be taped

to the driawlng sutlace and the template may be remaved.

The trocing sheeb grid now defings the area which will be transleered
te the [ull graphies screen when the Tracer s operated  with
stondard scaling.  Drawings Lo be copied should be secured within
the grid oubling, ideally with horizontal and verties! lines aligned
with the grid.

{c) Electrical Conneclion

The RD Digital Tracer and any other sccessories muost be copnected
Lo the Speclium computer before power is applied)

The Z3-way edge connector of the plastic-cased Tracer intecface
will connect directly with the 28-way wsdge plug al the fear of
the Spectrum.  If @ printer is slso connected; this should be plugged
jnta the Spectrum, with the Teacer connected behind the printer
canneclor.

A casselte recorder and  television should be conpected in the
rormal  manner as  described in the Spectrum  manual, Floally,
connect the Sinclair Power Supply to the Spectium, and switch
0.

WARNING
On no account should the Tracer be disconnected or connected

while the computer is swilched on.  This applies to any accessory
connocted vin the 28-way plug

The computer and other equipment could be damaged by fallure
to pbseive this warning




1.4 LOADING AND RUNNING THF PROGRAM

Insnrt the cassette provided in the cassette player
the tape is rewound to the starl.

BN5SUKing thal

Type LOAD"ENTER]
atart the cassette player with the PLAY swilch.

After a few soconds the television will display @ catalog of |
tepe contents, with [nstructions for users of 16Kk and 4BK Spectium
computers. Ihe program  will  then automatically detect

maching is in uwse and load the program "Tracerdd" ‘or "Trac

a5 appropriate.  The program will load in approximately 2 mingte

If the program fails to load, switeh aff the computer and che
all the connections. Ralerring to the Speetrum manual  repe;
the LOAD routine with a dilferent VOLUME setting on the ells
player. With maost cassette machines a selting of 75% of
volume should be satisfactory.

When the program has loaded the telovision soreen will conf
this fact and flash the Instructions

SWITCH OFF CASSETTE RECORDER
PRESS ANY KEY TO CONTINUE

(N.B. Users of the RD-ZX/A3 shauld refer to section 1.5)

When a key is pressed lhe screen is cleared, setting up a
background (PAPER) colour surrounded by a blue BORDER. Frovided
the Tracer head (5 within the grid outline of the tracing

8 white flashing cross, the CURSOR, will be seen. The cursol
on the screen indicates the Tracer position on the paper, follow
every movement of the Tracer arm.

1.5. AUTOMATIC ARM CALIBRATION

The A3 version of the Digital Tracer (RD-ZX/A3) is capable of
highly accurate mapping from paper - with an errar of less then
% of full scale. Conseguently its software includes an automati

routine providing a fine calibration.
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When the program has loaded the sereen displays the instruckions

SWITCH OFF CASSETTE RE CORDER
ARM CALIBRATION? PRESS Y or N

Initially the PEGQIam  prepares lo execute an autametic calibralion
routing. This compensates small aligment errors in the position
af the tracing sheet and calibration discrepancies betwesn computer
on 8 "best-{it" basis, i.e. Loking samples at four calibration points
on the tracing sheet grids. Type ¥V (for yes} in tesponse to the
invitation ARM CALIBRATION?

ARM CALIBRATION?

As prompted by the screen display, place the' Tracet head al
edch corner in turn, and press the [ENTER] key. Thesa points
must be sampled in the prescribed order A to O, and placed with
precision, as the final drawing accuracy is determined by this
operation.

Il ‘an error is made at this stage, press the [BREAK] kev and

restart the program by typing RUN [ENTER]

Motmally it Is neccessary to execute this operation only once,
each time the machine is switched on. [I the program is restarted,
I_}-PEHEJ ™' in response to the invitalion ARM CALIBRATION? will

skip this routine.

(A restart should be executed by the instruction GOTO B100.
This will restart the program without alfecting any varnables pre-

viously defined.)




2.1 SIMPLY CREATIVE

The ZX § .
e pectrum Icomr-‘uter Provides excellent graphics ol
209 = as wilhimediom resolution, but- with enly g 1o

proportion (less than 7K) of RAM committed | e rte

0 display memary.

The graphics screen area comprisps 22
Each character squate is 80 B x B matrix of 64
being the smallest "dggt which

Tows of 37 g}

chargclers.
pixels -
can be resolved (ie.
by the computer to he present or not present).
is therefore expressed as 254 X 176 pixels. :

8 pixel
cont rolied
The resolution

The colour control is applied to each characte: square, which
can have two colour attributes. INK is the colour assigred g
foreground colour - that js the pixels which are "ONY. PAPER
is the colour assigned to background colour - the pixels which
are "OFF', This system, leading to conservation of
is less flexible than full resolution colour systems, which enable
the colour of every pixel to be defined independently. In practice
this causes a problem only when more than 2 calours are required
within' a given character square.

memaory,

It is recommended that Tracer users who are unfamiliar should
study: chapter 16 of the Spectrum manual in order to ohtain
best results.

However, it should be possible with little or no knowledge of
BASIC  to start producing screen graphics immediately, simply
with reference to the comprehensive instructions in this manual.

]
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'3. The Drawing

Commands

3.1 INTRODUCTION

As has been dempnstrated slready, the flashing cursor [which
cannok corrupt the image set up on the display screen) follows
every movement of the tracing head. This indicales whete the

drawing functions assigned to certain keys will be executed.

The Tracer i5 principally designed tg copy graphical detalls from
an original drawing or diagram, but may be used alse for {reehand
drawing — viewing the movements of the cursor on the screen.

Mast of thesa commands asre executed immediately, or continue
to operate while the key is pressed. The computer will "hesp®
to acknowledge each key press. some are "lnpul' commands
requiring an entry from the keyboard followed by [ENTER]L

The use of a MENU for selection of drawing commands has been
avoided so as nob to interupt the creastive drawing process. The
key commands are summarised on a chart st the end of section &,
and where appropriate the Tracer commands are executed wsing
the same keys as the eguivalent commands in Spectrum BASIC.

The bottom two lines of the screen consist of a control panel,
displaying current colour and mode selections. These will be
explained as the respective drawing commands are described.

3.2 POINTS, LINES AND RUBBING OUT

Plot l?__]

Plots a single point (pixel) at the

cursor position.

First position the cursor by moving
the tracing head. The point

is plotted immediately key [Q] is pressed.




Draw :
; : Lk
draws a continuous outline following oo &
the Tracer movement while Key [w] = P
is kept depressed. S i
On depressing [W] the cursor disappears and reappears when [w]

i5 released. Therealter the Tracer may be moved without
line. being drawn on the screen.
IE I

Emphasised Drawing

draws a continuous line as command
[W] but of double thickness.

Pressing [E] while the Tracer is stationary will produce & doutle
size dot, consisting of a square block of four pixels

: i,
Connect ‘J__ S

: i
draws a sequence of straight line < £
segments joining or connecting e T

Tracer points.
Place the Tracer at the first point and press [I] to fix the “Initial
point".  (This point is not plotted yet.) MNow move the Tracer
to the second point and press [C]. A siraight line will be drawn

to connect with the invisible first point. Move the Tracer to
the' thitd point and press [C] agmin. A straight line will be drawn
to connect with the previous (second) point. This process may

be repeated indelinitely.

Clear Graphics Screen IEI

Simultaneously press the [CAPS SHIFT]
key and key 'V' (used for CLS In ol
Spectrum BASIC) to clear Lhe entire Wﬁi\:" »
Screen, i

The screen will be replaced by a uniform background of the colour
specified for PAPER in the control panel

10

Delete Character Square & =

Press key [X]

The block of B x B pixels comprising the character sguare at
the. current Tracer pasition will be deleted. Alsg the PAFER
colour of this square will be changed to that specified in the
centrol panel.

Delete Rectangle Block || I

‘ Define the rectangle using keys E 0

[I] and [0] as described for ;

Automatic Constructions in |
section 3.3 :

Then press [5/5] and [X] simullaneously.
Note that the rectangle thus defined is comprised of completa

character squares. In general therefore the erased rectangle
1.. area will be larger than the rectangle outline drawn using [T]
and [0L

The background of this rectangle area will be sel to the current
PAPER colour. Il this is not to be changed, first select PAPER
colour B by pressing [5/5][8]

3.3 COLOUR CONTROL

The RD Digital Tracer uses the standard ZX Spectrum BASIC
i commands as described in chapter 16 of the Sinclair manual.
5 Tracer users who are not already famillar with these Spectrum

BASIC commands will find it useful to refer to the Sinclair ‘manual
while experimenting with the colour control commands described
on this section-

In Sinclair BASIC the codes B lo 7 are used to specily Lhe
eight posible colours (assigned as attributes to each character
position) which define INK, PAPER and BORDER colours. Codes
B to 9 may also be used te specify "transparent” and "contrast'
as explained in the Sinclair manual.

e o =
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Border

Eress [CAPS SHIFT] simultaneously with
pne ol the number keys [al to [71

4 &“-'J_%:—p,“ T G

Without changing the contents of the graghics sereen, the sur-
rounding border colour will change immediately to that printed

by the mppropriate number key.

4
E
Paper

Press [SYMBOL SHIFT] simultaneously
with one of the number keys [#] to [9]

The 'control panel will change, including the colour code number
and the actual colour selected.  Initially, howeves, nothing changes
on the graphics screen.

If the screen s to be cleared with this new background eolour,
preas [C/S]V1

Alternatively, this pasper colour definition is used to PRINT TEXT,
and to effect Jocal background colour in a rectangular PAPER

BLOCK, as described on page 13
[ 6] | ypoomoroims

; i
s I

The control panel will change immediately, indicating the colour
and code selected.

All subsequent drawing commands will then be executed in the

selected colour.,  These include line drawing, constructions, colour
filling and text.

Note, however, that the cursor and sample constructions  will

always appear in a "transparent’ colour to avold permanent corr-
uption of the display.

12
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Grid Overloy ::::::
 EEmEE®m
K EEEs

Press [CAPS SHIFT] simultaneously T T

with key [G]

The screen is painted with an overlay consisting of alternate
darkened squares. in  alterpate rows. This Is removed without
corrupting the screen design by pressing [C/5] [G] & second
time.

This function clearly defines the position of each characler sguUare,
positioned in a 32 (horizontal) by 22 (vertical) matrix. This facilitates
complex designs invalving several colours,with the Spectrum limitation
that colour attributes are assigned by characlers.

N.B. Due to loss of screen contrast on black and blue backgrounds
this function is best used on PAPER colours Z to 7.

Paper Block ﬂ
9 |

First define rectangle to be

coloured using [I] and [0] D
Then press [SYMBOL SHIFT]
simultaneously with key [C] IEI

to paint background rectangle. |'£?F‘|ﬁ |

This command permits a local background (i.e. PAPER) calour
to be applied to any reclangle area consisting of complete char-
acter squares. This may be executed before or after foregeound
detail has been drawn - it will not delete foreground (ie. INK)
pixels, as does the DELETE RECTANGLE command [5/5]1 [XL

The command is executed in three stages. First select the required
PAPER colour, as above, using [5/5] [@] to [9).  MNext, define
the rectangles to be coloured using keys [I] and [D] to set opposite
corners as [n the automatic construction of a rectangle (Section
55).  The grid overlay is useful here to display the related char-
acter squares.  Finally press [S/5][C] to paint the rectangle.

13
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Fill Outline E Fill mode ]
3
fills with current foregfourld CINK) 3 Press key [M] simultaneously
colour an enclosed outline already present ] with [SYMBOL SHIFT] to change
on' the graphies screen. : : . SRR
: ; ] the Fill Mode S FILL 1-_: i

By moving the Tracer place the cursor within the closed autline
to. be (fillied. Press key [F]. Shading will commenee from o
point on the ogutline vertically below the cursor position. I¢
continues as 2 series of ascending horizontal lines, and stops
when the centre of such @ line coincides with the Upper part

Fill mode #, the initial (or default) selting requires that san o oul-
line Is closed - @ lasft and right boundary; In order thal Lhe |
eolour fill routine [F] will operate. Selecting 1 mode 1 enables
shading between the bordor and & single drawn line as shown,

the outline. ' 2 IN :
of the outli ] Over Mode L__]
On complicated outlines "pockets" may be left unfilled. Move I'
= i : nlw
the cursor inte an unpainted ares, and press [F] again. 1 Press key [N] simultaneously
1 with [SYMBOL SHIFT] to change |
i the OVER moade. SR
y SOVER 1%
Halch Outline E ; : '
; _ The characteristic (s appplied exactly as for the Sinclair BASIC
This CorimBEng 1s ddentical 6 ,":J. command. The default mode OVER @ s for normal drawing
Fill [F] but with a different ; _é___ where f{oreground colour is added progressively o the screern. _
shading characteristic. , ,E::—= When a r_ui.xe] or line is drawn over existing loreground ealout !
— in the OVER 1 Mode, the coincident plxels are deleted, leaving |
Key [D] hatches alternate lines : - e the PAFER colour showing through. This is often referred
IG , S to as "Exclusive = OR" printing.
and key [G] hatches every third line. =
The OVER mode is applied to all drawing commands - lines and
prints, eonstructions and text. The prompt in the control panels
flashes @s it is essentiial to reset Lo OVER @ for normal use. |

Try using the command Delete Character Square [X] while in

FURTHER COLOUR VARIATIONS BY CONTROL OF MODE OVER 1 mode. The paper colour of that square will be changed,
but' the foreground detail and INK colour |s rot altered

The boltom line of the control panel displays the current setting

of four mode selections as follows. Fressing the appropriate t*.E‘jllf_' AT T
key once will change the mode. Pressing it & second time will Flash Mode N TEXTE
change it back again. - TEXT -
Press key [V] simultanegusly B

] with [SYMBOL SHIFT] to change mode. S FLASH 17

< PAPERD® TRACE NO This operates only with text printed on the graphics screen,

= 1 EEEERe EiEEce EEEIC #5 with the standard Spectrum BASIC command.  Chataclers

appear alternately in normal and colour inverted form.

14 15




Bright Mode

o
SBRIZ.

Press key [B] simultaneously
with' [SYMBOL SHIFT] to change

mode.

the BRIGHT command provides additional
The defsult setting of 1 gives

As [n Spectrum BASIC,
contrast ("grey-tone") control.
the brighter version of the snlected colour-

This mode control s effective on PAPER colours selected and

on Lext: but pot on other drawing commands using fareground

INK colour.

3.4 PRINTING TEXT

: “Hiacin
prints alphanumeric characters IRACER™ [ i

HE. "J'Tr'l_a
anywhere on the graphics screen. @ .L-E']F: :

TRACER

Press key [FP] and the prompt

ENTER TEXT: "L"

is displayed. Enter the text you wish te print onto the display
and press [ENTER] You will now see the text flashing at the
cursar position, and the prompt

MOVE TEXT
[P] TO PRINT, [SPACE] TD DELETE

displayed. By moving the Tracer you can move the Llext on
the screen to any desited position. When the correct position
hes been obtained, pressing [P] will print it. The text will be
printed with the current INK and PAPER colours being displayed
on the panel.

altaihativel'y, it @ satisfactory position cannot be achieved, press
[SPﬁCE] to  erase the text completely. e.g. il text is too long
=overflowing the right-hand edge of the screen.

16

Repeat Text [S/SHP]

If the same text is to be printed at several different positions
then pressing [S/S] [P] will display the last text entered, and
the prompt

MOVE TEXT
[P] TO PRINT, [SPACE] TO DELETE

will again be displayed. Froceed as above.

Colour Control Text

It will be apparent that the text printed =as described above
gppears with the character of the curfrent INK colour and a
local background of the current PAPER colour.  This applies
i equally for REPEAT TEXT. It may be wuseful to change INK
! and PAPER colours before repeating the text at a new pasition.

Spectrum users who are familiar with the use of extended mode
te insert colour codes in text strings (chepter 16 of Spectrum
3 manual) may use this technique while entering text. This will
1 however paint the screen with INK and PAPER attributes when
the sample text is moved.

Inverse Text

Although INK. and PAPER selection provides any colour combi-
nation, it is: also possible to wuse INVERSE text mode by Eyping
[C/s] [4] when entering text in response to the prompt

g Enter text="L"

User Graphics

] User graphics characters can be entered, even mixed with standard

characters, in the normal way. When enptering text type [C/S]
[3] for the graphics mode. Repeat this code to return to normal
character mode.

MN.B. Do not enter strings of more than 17 characters.
This would corrupt the screen in scrolling the display by one
line.

17




Clockwise 2079 arc

Fundamental shapes Incorporating  slraight  lines, arcs and circles
may be drawn automaticslly by the computer, using the Tracer
to specily just two points. Using the techniques of computer
alded design these shapes can be extended, moved and repested

Anticlockwise 207 arc

instantly.

"Elastic” Drawing Clockwise 1809 arc

For all ol these constructions the INITIAL POINT is fixed by

positioning the Tracer and then pressing key [I]l  The standard
thern drawn: from the fixed initlal point to the

e are_ i i £ ; = Anticlockwise 1809 arc

Tracer position in a sample mode - the selected shape is drawn

and erased, without corrupting the existing screen display.

4] g
A EE - EEEE e
#

Having fixed the INITIAL FOINT, maove the Tracer to the second
point end press the key appropriate to the shape required. The
Tracer may be moved with this key held down, to stretch the

selected shape. MN.B. If the radius specified for the cirele would require drawing

eff the screen, then the command will be ignared. [f the arc
Rectangle, specified! by opposite corners o d“:“engmm Sk s :!rm.nrmg Oft" screen e “pragram Wil EAon
—— ik with an error message. To return te the program press [RETURN]
] [ENTERJIRETURNI(ENTER].
|
L TR Print, Move and Repeat
Right angle palr, horizontal first E
i
i To permanently print the sampled construction; in the INK ecolour
| specified in the control panel, press [ENTERL
]—.__f
Right angle pair, vertical first > Alterpatively, to move the construction, press and held [M],
Fress [ENTER] again

i ] and move Tracer to the new position.

to print permanently in the new position.
! This' MOVE command can also be used to REPEAT the construction,
d 1 even after other commands, such as IMK colour change; have

Straight line
been executed.

-~ This will repeat only the last M L

1 4’ —~
construction deflined. O O

radius. [i=S s H E::I: O

18
19

Circle with centre at initial point.
Secand Tracer position fixes the

0o e EEE =




COPY, SAVE & STORI

L DISELAY HANIDN ING

Copy

The prnter starts and stops automatically
to provigde hard copy of the complete
graphics sereen, by pressing [2)

Tiwe printer paper s aulomaticolly
advanced to provide separation
betwesn subsegquent copies, Aftematively, use [5/5)2] w0 provide
pantinuou coples without separating line spaces.

N This command will operate with sny printel which provides
B screen dump  using  the Spectirum  BASIC command COPY,
This inclides the X Prntern, Alphacom 23, and standard  diot-
mattix prinlers when using an appropriate Centronics Intetface.

B K|

At any stage in the creation ol a scréeen
design It may be saved oh cassetle.

Save SCREENE

Press [S/5] and (K]
simultaneousty.
The computes prompts

Erter file neme "L"

Type in a name for identification, not exceeding 11 characters,
antd then press [ENTERL Epsure 1hal the cassette recorder |s
prepetly connected for saving, and recording. Then press [(ENTER] again.

Thix screen display may be leaded back into your own programs,
which do not use the Tracer program. LUse the Spectrum BASIC
command LOAD “file name® SCREENE.  This can be set up to
lowd from within your program. Chapter 20 of the Spectrum
manisl doscribes \hese commands in delail, t

Load SCREENS

Press (/5] and [J] simultaneously .
and play cassette. {

The computer will load the next streon dump whieh it finags
ot the cassette.  This will rompletply teplace the ‘current SCETRNN
display and the Tracer can then be used to. modity the

loadied display. G

By this maans displays created from othet soutces can be loated
into the Tracer software for further moditication,

Store Display (40K only)

This 48K software supplied
teserves two blocks ot
mamory oS tnrnpumt}-
sereen stores

identifind as ) and Kk

Press [f.‘.r' 5 ]I ]] and the current (viewed) soreen  iF excha figed
with store 3 Similarly, (C/S)K] will exchange the curment
display with store K;

This is particulary useful il the screen is to be used for listing
the program, of setting up user graphics.

- “ s
DASPLAY K
'1, \r-\

Current screen copy

-t Xk

This functionn gives you the [lacility to copy the current screen
ta the RAM slore 1, rather than just Interchanging bebween
current screen and RAM stores ) and K.

Therefore, you can always work from an origingl which is copled
into ] after every interchange.

Warning.  This will destroy the former display in Store L
21
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4. Advanced Graphics
Manipulation sk only)

4,1 INTRODUCTION

These facilities are available only on the 48K program supplied.

The commands described so far provide comprehensive facilities
for emulating on the: computer display, the conventional drawing
methods used “for INK on PAPER. (We recommend that the
user should become familiar with the previous commands before
working through this section.]

4.2 DYNAMIC RETRACE ACTION

The drawing commands presented so far all operate in 'real
time". The current Tracer position is sampled, and determines
the screen position for a drawing command to be effected.
The retrace action utilises the computer memory to slore @
sequence ol key commands together with the aopropriate X
and Y co-ordinates In an array.. Each element of the array
therefore contains the information needed Io repraduce  the
diawing seguence as it appeared originally on the screen. E
may be that only part of a screen display is to be stored for
later retracing. The wuser must therefore: consciously decide
to turn on the TRACE action, as follows.

Tracing into the Array [T]
To lurn Lrace on, simply press the key [T]. The prompt
TRACE STARTING AT # = »

will' be displayed. Enter start wvalue, which will initially be
1. The program is now storing consecutive points from the
Tracer, the X and Y co-ordinates, and the key pressed. These
will be stored in three srrays. The sample number 3 (at
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the bottom of display) is the array variable or  indes.
therefore possible o trace many outlines,
points In the array, and to recall

ik is

stored at different

any one by commencing the
retrace at the appropriate sample rumber. This

independent displays may be created apnd held in the array.
Any one of these can be displayed by starting at the apatophale
atfay index. This is a very powertul feature far making presen-
tations and demansirations, especially as the
in the order il was traced in, ie., dynamie
display-

way several

splay is recreated
regonstroction of

A feature which is of great value when retiacing is the aBifity
to stop the retrace wuntil one wishes to restart it.  One may
wish to elaborale on a part of a display befare constructing
the rest of it. To abtain this STOP in retrace, press: key  [A]
{Stop key} while tracing. This does nothing while tracing  but
the effect will be seen in Retrace.

Stop Tracing into the Array [S/SHT]
When [racing is complete stop the: Trace action. This is dong
by pressing [S/SH[T]. To confitm that Trace has Besn turmed
off, a promplt will be displayed

Trace stopped at$?

Note:- When the computer asks for the start value of & irace,

pressing [ENTER] will start tracing from where trace was previously

stopped.
Retrace [R]

To. retrace the displays created, simply supply Lhe start index
velue. On pressing key [R] the prompt

COMMENCE RETRACE ATHE?

is displayed. Enter the appropriate start walue. The display

will now be reconstrucied in "real Lime".

Start Selective Retrace [S]

The [5] key is used to retrace a patticular part of [he amay.

Start and stop array values can be specified.
See the example which follows for a detailed description.
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HINTS 1.  Trace out the British lsles RAM

and store into store 1. [E/5][1)
If an ertar is made in tracing, it ean be edited by going back I
to. the wvalue where the error ocurfed. Make sute that you o

stop Trace, and then restart tracing at the valie at which s :
you went wrong. It is good practice to keep a note of the -j.,. 2
index value at the bottom of the screen, i

2. Create the menu page and
store: In store K. [C/s]lKl -~
{This can be alsa done in the

If you -trace a display at 0-100 and another at 500-800 then
you can trace another display between 101-499, provided no

= displs i - :
| text is used. Generally try to Trace displays f_:nntl.nunusly 5P tratai byl print sEatements) o
because you can access any patt of the array using the [S]
function. EI

If the program breaks: while Trace or Retrace are operating
do ‘nobt type RUN, but GOTO B1i00. Typing RUN will delete
the' arrays.

3. Bring back the map of the
British Isles from store 1 [C/5101]
and copy it back to store 1
[c/5]c) So as to keep @
copy of the original.

¥You can input- a maximom of 150 separate l16-character words
using Trace.

I [

USER PROGRAM EXAMPLE
ARRAY
- lIncorporating Trace/Retrace and stores ] and K. 4. Set trace on and trace outthe [ ] ( 3
main ports.  Turn trace off. -
For this example we will use a simplified network of the main Note start and stop trace values.
portsy Inter - Cily services between these paorts, Alrport network
and the Television network. The user program will select one = g
of the networks from the menu and superimpose it on the map iT : 2 10
of the British [sles.
: i 5. Repeat steps ¥ and 4, but [T I 100
y trace at a convenient
This example s on the software cassette supplied, and the user cnfnmence LR
program is at lines 1000 -2000. point for each of the other
1 - S
< displays e.g. 100, 200 and 300.
Make sure you turn Ltrace off [E5F PR
We shall now describe how the displays were created and put : St
tagether. after each display and note |T | 150
start ‘and stop values.

24 25




You con vidw ony ol those displays msing the set Crace  funetion

T

The save routines ot the end of the wsei

: PrOgiam  sce ¢
to save the user program, date and display, e I

[S1 On prossing [5] the prompt

Remember Lo execute  the  command CLEAR 56950 BEFORE londing

START RETHACE AT # 7 the program Le.

Is presented. Enter start yelus and press [ENTERL  Now the

CLEAR 5094% LOAD™
prampt

This will be differsnl il you changs FAMTOF. T
caip set this up as a loader poge,

AND RETRACE TO 9 7 e mare fdvenluious g

nppenrs. Enter the value wvou nated at the stop of Trece, OR
any value |ets Lthan the start volue of next troced segment.
Press [ENTER] The display/design previously constructed  will
be recreatecd.

The !if“l"rl:f“"ﬁfl ﬂﬂﬂmmﬂ sheiws faur f!iﬂ1;||;},l°,,wJ|':1'_h are basically labels
for the map. More complex displays can be held in the Birsy e
kitehen designs, cireult  dingrams, human ot quna/limbs, complex Irmeguler

shopes oic. Any of these can be simply  retraced or supstimposed.
o figewes ‘
f-rl '.?...... Lt
_.I-f.n..i
S AL B T AR All the diawinog commands introduced o this paint invalve Erans-
o gadLE AR s J| ’ l :
g ke st . oty o ferring or mapping shapes Irom poper Lo screen in a fixed scale.
et & ;
R m Ligds X v The full grld area 256mm,. % 176mm maps on Lo § SCEEEN AfeR
s eyt 3-, _.ﬁi ol 256G phnh % 176 frlxels. ke scale viErtically nnd’ borizontally
E:] e dfibeinate iw 1 pixel to Tmm. This Ia relerred too os the nopmal scale,
for the AL Tracer. (The A% Tracer taps annd = 2795mm Lo
: Se 285 % 176 pixels, o scale of 0.6 pixels to dmim.)
£,-f;; | L |
st X Al routine is provided to Increate of reduce the relalive scale
'1.“' ?J-' Vertical and horizantal scales may be different, and the image
*3:'11‘“ 3 may be reversed (left to rght] and/op Inveited {top to bottam)
W% vipds | b . M
; Il the scale is changed belore eommencing a RETRACE, then
the ewsulting Image s scaled and shifted.  Thus moltiple: images
Thes simple user program does the following steps- can be produced from one tracing of an outline.
H. l;Uﬁd thi P'I‘ﬂl']l’ﬂl‘nf dﬂlfl -ﬁ“d diﬁplh)‘ﬂ- Thiss nca“ng in f:f"“ﬁr.l (o L1} hy 'Eflf.’-l':irj‘inlj f_lllhf l'wi pﬂiﬂ‘ﬁ an
b. Display menu ffom store K ond wall for oplion to be . the screen, ond the two related points oh the paper. The
selected. two points may convenlently be a palr of opposite  comets of

¢, Snve menuy Lo store K. [}i;pl"-',- map from store 1. [:I]I]y | f!lcl.'bnijle which "frames" the lll’ﬂwlhf] o be Lransfarrod,

mop to store ),

d. Sel otrece velues asnd rotroce. Welt for key pross 'Ecaifng ean be set op by two methods, and can be reset 1o
GOTO step b / norral by a single key commarid.
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@E Resets to normal scale N
0
E To Enter a numerical

scale factor. Fl |

E To Draw on the screen e

a reference rectangle inlo
which drawing is scaled.

Setting Scale and Entering Scale Factor

Piess [S/5] and [E] simultaneously.

The ecompuler prompts

ixl

i

Secale Faclor =

Type In the numerical scale factor, followed by [ENTER].  This
will be less than one for a reduced scale. The computer will
Lhen prompt

Screen Coordinate x 1 =

Fype
B to

Type

in the horizontal reference position (on screen) on a scale
257, Tollowed by [ENTER]. The computer will then prompt

Screen Coordinate y 1 =

in the vertical reference position (on screen} on a scale

B to 175, followed by [ENTER].  The computer now prompts
TRACER AT REF. POINT. ENTER

Place the Tracer on the paper at the point which should map
to the screen coordinates previously specified, and press [ENTER]

The cursor will now return on the display, moving according
to the new scaling characteristics.

Setling Scale by Drawing Scaled Area

It may be useful first to return to normal scaling by pressing
[SYMBOL SHIFT] and [R] simultaneously.

Press [SYMBOL SHIFT] and [D] simultaneously.

Follow the further instructions given on the screen to draw
d rectangle on the screen, into which the scaled drawing is
to be filled. As with the rectangle construction described in

28

~section 3.5, [1] and [0] are used

ECE
EREIEE

A = |

- ) 3 to. define opposite Corners,
The bottom left corner should be fixed with key [I] and the

“top right commer with key [D].

Then press [SYMBOL SHIFT] and [G] simultaneoysly,

It is now necessary to specify  the physical rectangulas
on paper from which the drawing is made, again using opposite
COINers. In. response to the two prompts plape  the .Trac:ar in
turn at the bottom left corner, and top
[ENTER] each Lime.

area
right cormer, pressing

This second scaling procedure allows drawings to be mirrar-imagad
(left to right) or inverted (top to bottom) by suitably Ieassigning
the bottom left and top right corners. Indeed, the vertical am-i
horizontal scdle factors can be different. (Note in this case Lthat
automatically constructed circles and arcs will not become elliptical!)

Step and repeal action

The scaling feature may be combined with RETRACE described
in the previous section to repeat a drawing feature at several
positions, and at different sizes, as required.

Set new scale with [1] and [O]
Commence retrace [R]

S|
{0} jos|
Blie ) [ &Y ]

]

Trace design into array

(ZE]

Reset scale to normal
Set new scale with [1] and [O]
Commence retrace [R]

£ | | '

L) L

I"ﬁliﬁ_l|£b L
R ] e

Reset scale to normal
Set new scale with [1] and [O]
Commence retrace [R]
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: Creating User-defined Graphics [C/5HU
The faliawing points should be remembered ey - o

. : i ction 34 it was explained that user-def|
1. # a reduction scale |5 applied before the drawing is traced, R - S° ; ki iser-defined characters may
it is the screen coordinates which will be stoted In th . hp entered and printed in the same way as standard chatattncs
; i ad In & Aarray- Fad 5
b ~ pressing [CAPS SHIFT] and  [U] simultaneowsly enters g routing

which sets up apy character one pixel at a time,

2, Subsequent magnification scales 'will exaggerate the digital 7
“pixel" nature of the drawing. It is best lherefore to trace sl maximum . ! : - .
:n:ulm-. 3 Mote that this routine will clear the screen. I it is callad nfter
= beginning, to design a display screen, the latter should be pressrved
M= ring in RAM or savin 5 i
L  New scaling factors can be applied indefinitely before retracing. ' Hyiemonng ; 3. ) easelin urless of  course
it is slresdy tesident in the trace array from which It can b
retracod.

4.4 USING DISPLAYS IN USER PROGRAMS

Sy The top of the screen displays the current characler sst.  The
Read xy [C/5XZ] : centre of the screen will be used to build up a large BxB maltix

= representing. the charactet.
Press [CARS SHIFT] and [Z] simultaneously, or hold these keys

down together to displsy the Tracer coordinates in the panel

This may be useful when wsing the Tracer Lo measure features :
S ; g : In tesponse to the prompt, inpul chacacter (& to ul which is
oh 8 drawing, or returning to a specilied position.

ta be defined, followed by [ENTERL
=

P o AW rinbles). 3/ 31103 Mext construct the character line by line, pressing [1] 1o deposit

a pixel and [B] to insert a space. i an error is made while

composing @& line press [Y] to return to the beginning of the

line.

To quit a line press [G].

Press [SYMBOL SHIFT] and [S] simultaneously.

Start the cassette machine in record mede, and press any key
to commence saving. Remember that the program is saved in
two segments (BASIC followed by machine code} so it will be

necessary to respond again tothe prampt : J .
After completion of the bottom line you are invited to continue

sty the.ilage,. then: press mny: key with & new character [¥] or return to the main program [Nk
Characters thus created will be saved automatically by the save

This y : avi rprsions 3 r .
is may be wseful when sayving modified versions of the program Arogram command (s/5)s).

although less lape would be used by breaking out Irom the program

and typing sl -defined grapghics .
St abcde faghi Jklmnopgrs Lty
CLEAR [ENTER] E=E1L] o598 80T TRel 0D’ tiebamm
GOTO 9920 [ENTER] m - Q1234567
Thi i E
his avoids unneccesarily saving the variable and arrays
: :
The prime importance of this command is to save with the program ; E <
the retrace arrays which have been created. ?
The program, with arrays, can be loaded back for further amendment : Mow define ™i™ using keuys 1 & @
on a fulure occasion, or may be merged with user soltware Character is now Tl
which calls the retrace subroutine. (See next section for suggestions.)
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R — B (X1 AND CONSTRUCTION

gy Print text ) Hepest fext Cald
4 it ]
pisy  Circle ) Aectangl e

Bs i Right angle Fight

Verticalsharizontal & 3 514 PAb :
I
1807 Are i oe Are AP
' } W0 e | aEz G010 Ape fr | S8 fies e
F5% Plot & point : £2 Jallalis b AP =
.le’,l'--._.-. !'\‘;{_ﬂ'gf‘_f-'g ;f:"liflg"; P‘ 1 Hl:ijﬁ:’r ¢ I-“ |
4, : i giee  construction -
Hira Uraw line ] e iy hE :
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o W fg”;f,h;}f;!-fpr} Vitiee %“ j r.-‘ji 'fg ?AVI M‘) B '-‘-W
7 ! i | I :
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: o B 7
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i Hoteh () 24 . =
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/ T o7l o =i Lyt P |
239 Grid oyerlay f@”@hj #gea Stop tracing Lo artay —
| 4 £ ¥ r ;“ =7 [ o ;o " £
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: : &ie At SEF vl ato a0l
X 2 FEd Hogeramimien SLog :
MODE CONTROLS - PO Sl 1 B
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srpe  Over mods f= ] Yo f] o4 [Z]_)
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5. Useful Hints and

Suggestions

1. Handling. The RD Digital Tracer is & precision drawing instrument
and should be handled with appropriate care. In particular the
Tracer arm pivots should nol be forced against their end stops.
Calibration ercors or permanent damage could be caused.

Z. Edge Connector The most common rause of faulty or intermittent
operation in ‘any Spectrum sccessory is poor contaclt  with the
edge of the computer's printed circuit. WITH THE POWER OFF
connect and disconnect the socket several times for self-cleaning
action on the contacts.

3. Fine Detail Highly detailed screen displays are best crested
when it is possible to use a reduction scale from a large original
drawing. When Lracing smooth curves, however, do not Etrace
too slowly - this would accentuste inevitable hand jitter.

Remember” that the computer can do no better than select the
pixel which is nearest the Tracer position at any instant.

4. INK Colour changes The INK celour of a shaded area can
be changed retrospectively. Try selecting the new INK colour,
then plotting key [G] within the shaded srea. Individual character
squares will be changed one by one.

5. False Perspective An interesting effect is created by reducing
the wvertical scale, retaining the original horizontsl scale. (This
is not a trde 'vanishing point" technique.)

6. Merging with User Program The Tracer software uses line
numbers commencing at BEPE. Il user software is limited to
line 7999 the segments may be combined with the Spectrum
MERGE command.
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' 7. Conserving Memory The "Tracer 48" program utilises HppIO%=

ih‘g‘tely 20K of =rrey and display storage. If memory is required
for other purposes two. modifications are readily incorporated.
a) Reduce the dimensions of the trace array, by changing the
value of the variable "bot" in line 8027,

{Conversely this may be increased from 2000 to 4660 for large
arrays.)

b) Sactilice one or both of the display stores. The CLEAR command
in, the loader program sets RAMIOP to reserve display stare
space.

CLEAR. 50943 reserves ) and K stores.
CLEAR 57855 reserves 1 store only.
CLEAR 64767 r1eserves maching code space only.

M.B. One of these CLEAR commands MUST be executed belore
loading the BASIC program. Normally this is done in the loader
title. program, but il merging with user software. the laller must
make suitable’ provision.

B. Modilications to Software Supplied REM statements ars incluged
in the program listing to assist the user in incorporating further
individual requirements.

The program is laid out as (ollows:-

BOOO - BO99 Initialisation of variables.

8100 - B199 Main loop, updating %y, and detecting (keys
pressed-

8200 - B45S Key Command sub-routines. Mote that when
a 'key with code 'n' is pressed, the program

I

jumps to the sub-routine at line number (6200
+ nk
8500 - 9899 Various sub=routines.
9900 - 9999 SAVE and LOAD routines.
35



)

6. Using the Sinclair
Microdrive

7 Technical Specification

The software can be made microdrive compatible by merging

in the segment M/drive, supplied on the tape.

The procedure is ss follows:-

=
A
3.
&
5.
G

Load the main program

BREAK the program

Type MERGE ™ M/drive [ENTER] and start tape

When merging 15 finished, run the program

Insert & microdrive cartridge in Drive 1 -
Mow pressing [SYMBOL SHIFTHS] will save the program to

microdrive 1, automatically

The BASIC program will be saved wunder the pame "run" and
the machine code under the name "M/C. To load and run the

program  automatically, from

microdrive 1, simply press the key-

word [RUNJ[ENTER]

This procedure assumes that you are using microdrive 1 and
there are no other programs already on the microdrive named

The RD Digital Tracer pack (Sinclair ZX version} includes
Hardware Tracer arms connecled by 0% metres of
the electronic interface.

cable to

Software Cassette DT-3 contains standard tracing progam  in
BASIC and machine code for use on Sinclair ZX Spectrum (16K
and 4BK ).

Instruction Manual Full  instructions  far simple installation and
ppetation of the Tracer, including program listings in BASIC.
Tracing Sheet (A4 Tor RD-ZX/A4. A3 for RD-ZX/A3) A printed
grid ‘with line and column numbers and X and ¥ coordinates
Facilitates positioning and squaring of the originafl drawings prior
to tracing.

Template  Enables. tracing sheet to ‘be positioned correctiy with
respect to the base of the Tracer.

COMPATABILITY

Direct connection Bll ZX Spectrum computers {168 and 48K
Comnector Double  sided gold-plated 23-way edge conneclofr-
Access Port 31 on B-bit address bus. No interference with Sinclaiz
Accessories of memory mapped accessories from other manufacturers.
Bus Connections Address lines-AR to AT.

Data lines - D@ to D7. Control lines RD, WR, I0RG.

“rum"'
Power supplies - Ov,+ 5V @ 25mA.
Mechanical details RD-ZX/A& RD-ZX/A3
aming: i i i i 256 % 176mm 400 x 275mm
L If a microdrive error is issued, correct the error (see N"-'mi'“ﬂ* "Hf-'lﬂlr-} area _ ot % il s
i i E X X 2 ey i
Microdrive and Interface 1 manual), and type: Maximum tracing area  {spprox
Resolution at standard scale T 1.5mm
i /pi 3mm ESmm
GOTO B100 Resaolution whf:-n scaled (Eypical) i 4 S At
Accuracy (typical) +2% of full scale =033 ©
nd full scale
&nd try again. ! 2
X Maximum eiror N/A +1% of
{using Autocallibration} full scale
Angular measurement range 100° 1607
Effective arm length 250+ 2mm 250+ 2mm
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