No hardware without software, and vice versa. In this month's final
instalment we lend a hand to all constructors of the plotter who
are eager fo write control software, but need general algorithms,
flow dlagrams and elementary programming procedures as
guidance for tailering the communication patch between their
computer, available graphics programs, and the plotter.

Before atiempeing to write a plolter in-
terface program, il is necessary o ace
quire a basic understanding of compater
control (soffware hardware) in combi-
nation  with  graphics  {or, more
specifically, drawing). An algorithm
needs to be devised for rranslating
graphics information {on screen or in
any form of memaory) 1o actual pen posi-
tioning commands. The bow-cost plotier
described Iast month has no “on-board""
imeelligence, and must, therefare, be con-
trolled at the bit level by the compister.
In order 1o obtain reasonable drawing
speed, it is necessary 1o write part of the
control program in machine language,
which accepts commands or command
strings from a line edilos, and translates
these into pen movement commands. by
actuating the relevant controd lines on
the plotter interface board.

The bit assignment in the plotter control
woed s shawn in Fig. 9. A stepper motor
performs a Tull or half step, depending
on the logic level of bit 2, on cach
positive transition of the clock signal (bit
@), The chock pulse must remain logic
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high for at least 10 s, Straight lines con
be drawn by actuating the X or ¥ motor
alone. Lines under an angle of 45° are
drawn when the motors are aciuated
simubianeously. When both motors are
actuated, but ane is operated in the full
step maxde, and the other in the half-siep
maxde, the slant anghes become 26°34° or
63727, coresponding 1o the 1angent of
0.5 and 2, respectively.

Elementary routine

A number of routines and algorithms
are given below 1o provide a basis for
developing one’s own software. It shoukd
b noted that the information given is in-
tended as guidance for those who have
litthe o7 po experience in handling com-
puter graphics. 11 s beyond doubt that
there are other, perhaps more efficient,
ways of controlling the plotter, but the
methods outlined here have the advan
tage of being illustrative and relatively
simple 10 put in practice on a particubar
computer system

The suggested elementary routine does

what its name implies: it provides con-
trol of the most fandamental capahilitics
of the ploter, Depending on the struc-
ture of the B-bit contral word sent along
as a parameter, a single full or half step
is performed in the X or Y direction,
and/or a particular pen is selected, Bits
@ and 3 determine which moror, or
which motars, is or are actuated. A step
is performed by the relevant mater when
the associated clock bit goes logic low.
Direction of travel and full/half-siep op-
cration are comrodled by the remaining
four bits.

Fig. 9. Bit awsignment in il plotier contral
ward,
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Fig. 10, Flow ehart of the ebementary rouwtine. Instantaneaus X snd ¥ conndinaies are sored

b 16-Bit coumlers.

The flowchart of Fig. 10 shows that the
control word is first sent Lo the owtput
port that drives the placter interface
board.  Full/hall-siep operation  and
direction of travel are set, and the clock
input is programmed logic law. Next,
bits @ and 3 arc examined to determine
which molor is 1o perform a step. A 16-
bit counter set up for the relevant motor
is updated to keep track of the instan-
taneous coardinate. Direction of travel
and full/half-step operation is taken into
account as the counter is decremented or
ncremented. Bits @ and 3 are made logic

high, and the resultant control word is
once again written to the oulput port.
The sehected motorfs) will thercupon
perform one (full or half) siep.
Tlu: Iwo most significant bits control
selection. In most cases, it will not
nedcslm 10 perfosm a step while a pen
is being sebected, requiring bits @ and 3
10 ke made logic high. Bit levels are Tre-
quently examined in the course of the
elementary routine. The Type Z80 micro-
processor offers special bit checking in-
structions, These can be simulated by
other processors by, for example, logic

Fig. 11. Oblique limes of certain fived angles.
are relatlvely simple 10 draw msing the control
words listed i Table 1.
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ANDing of the control word with a
mask byie in which the bit to be exam-
ined is bogic high. The result of the check
can then be read from the status of the
zevo-flag.

Straight lines and pen
selection

A small addition to the clementary
routine makes it possible to draw straight
lines at ceriain fixed slani angles. To be-
Eln with, the com word {3 set up,
raking the bits for pen selection into ac-
count, The desired line length can be
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related 10 a specific X or Y coardinate,
Each step is followed by a check for ar-
rival at the end position. When this has
et yet been reached, the next step is per-
formed after a short delay, The delay
time can be generated with the aid of a
simple software loop, of a limer as
avallable in, for instance, the 6522-VIA
or Z80-CTC. A hardware timer has the
advantage of making the final sep rate,

n paper, and one (combination
llu lur lifting all three pens simul-
tancously. Pen-down commands are
preceded by o small, fixed, displacement
in the X direction {offset, 58 or 116
steps) 1o compensate the distance be-
ween the pens in the carriage,

lines: By s

within  limdis, of the
program rowtine that is to be executed
between two steps. 10 is the task of the
programmer to cnsure that the motors
operate smoothly in bath the full and the
half-step mode. Molor contred can be
enhanced by programming equal ac-
celeration and deceleration rates for
both motors when these are being
stopped and stamted. This reduces the
risk of one motor lagging because it
misses out on a few sieps, and in ad-
dition keeps vibration of

algorithm

The drawing of oblique lines under slant
angles ather than the fixed ones dis-
cussed above i relatively complex. In
maost graphics applications, the working
arca Is considered a system of coordinate
axes, In this, a ploteer should be able to
druw @ straight line between two random
coordinates. In practice, howover, the
line drawn by the plottcr will deviate
from the desired, ideal, line owing to the

limited number of discrete pen positions.
Bresenham's line algorithm allows close
approximation of the ideal line between
random points in the coordinate system.

The drawing and Table in Fig. 12 il-
lustrage the theory behind Bresenham's
lime algorithm. It is assumed that a line
is 10 be drawn from starting point X1,Y1
— st at coordinntes 0.0 for conve-
mience's sake — and destination X2,¥2
at coordinaie 5,3. Assuming the slant
angle of the line 1o be smaller than 45°
(¥25X2), the line can be drawn by ac-
tuating the X motor enc step per incre-
ment, of the X and ¥ motor simul-
taneously. The choice berween these op-
tions is determined by the difference be-
tween a and b, When a is greater than b,
only the X molar is actuated, chse the X
and ¥ motor simubanconsly. In essence,
the procedure entatls measuring the

the pen carriage 1o a minimum (this ef-
Fect is caused by inertia in combination
with elasticity of the s

The wind-rose shown in Fig. 11 is drawn
by actuating one or bath motors, in
combination with direetion of travel and
full/half-step operation. The number of
Tull or half steps is always constant. Re-
verse the polarity of one stator when a
molor revolves in the wrong direction.
Table | may be examined to see how the
various controd words for dmwing the
wind-rose were bailt from individual
command bits.

Bas 6 and 7 allow four logic combi-
nations: three for putting the invidual

12

Fiz. 12 Bresenham's lise algosithen, The
idcal lime Is shown in beld print. the dots in
ihe raster form the discrete positions thal can
be reached by (he pen. The choice beiween
stepping in ibe X or ¥ direction. or steppleg
obliguely (X and ¥ simuliancously ) & made
after calculating ihe differemer betwrena and
b,
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Fig. 13, Swgzested (how chart for drawing Enes o Bresenham's shparithm. The right-band se-
quence |s un example of ose of the eight decision romtises lissed in Table 1.



angle of the line tha can be drawn be-
tween the instantancous and destination
coardinates. When this angle is greater
than 22°30° (2dY-dX>0), the pext
discrete position, X+1¥+1, is stepped
1001 an angle of 45% Otherwise, only the
X motor performs a siep,

The abave algorithm is  astractive
because it allows simple caleulations 1o
be used for the decision procedure,
Displacements dX and dY arc dcduﬂd
by subtraction. while multiplication by
two is effected ar maching code level by
a single shift-left operation in the ac-
cumulatos,

The same algorithm can be used for lines
of angles between 45° and 90°, provided
X and ¥ arc exchanged. Lines in the re-
maining three quadrants are also fairly
:Imnlt 10 draw ta the abave method. It
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necessary, however, to determine
Inluwlnnd in which octant  (half
quadeant) the I
will be with respect fo the stam-
coondinate.
The Mow diagram of Fig. 13 shows how

lines between rmndom coordinates can be
drawn using Bresenham's algorithm. A

moutine is incladed to find out in which
ocrant the destination coordinate is go-
ing 1o be with respect 1o the stan-
coordinate. Depending on the result, a
E&‘mlﬂ is preset to point 1o one of cight

sion routines listed in Table 2a. In
5 set up to defl

word

Murh medor (or motors) s to perform a
siep in a certain direction.

The aciual stepping is done by calling
the elementary routine. Afier cach step,
the instantaneaus coordinates are com-
pared to the dessinmion coordinates
(X2¥2).

Algorithm for octant one
Bresenham’s lime algorithm derives sup
information from the distance to be
covered in the X and V direction (dX
and dY respectively). The algorithm for
the first octant (angle between 0 and
45%) is shawn in Table 3, First, dX and
dY are calculated 10 oblain the fnitial
vl of decision variable "error!, which
must be corrected {updated) after each
Depending on the direction of
travel, “errar” is corvected with d-crrorl
fafter movement 1) or d-error2 (after
mavement 2). Varkable “'steps' holds the
number of steps to be performed in the
X and Y direction, and s used for stop-
ping the plot routine in time. The actual
platting is donc in & WHILE-DO Joop.
ing on the value of “'erroe', steps
are straight (X or Y) or oblique IX and
¥). Variable “'steps is decreased by one
o1 two In accordance with the movement
performed (remember thas one oblique
step is one step in the X direction and
olt:v in the ¥ direction, ie two steps in
ali},
The Table in Fig. 12 and the flowchart in
Fig. 13 illustrate the op:mon of the
algorithm  with  the of  some

ax =Xz -x1

A = 12 - ¥1

error = 24Y - dX
derrorl = 24Y
dorrord « 2dY - MK
stepn » dX + dY

WHILE steps = 0 DO

IF errce <s O THEN
atap X
error = error + derrorl

steps = stops - 1

variables. As already staed. the routine
is only valid for the first octant. I is,
hawever, fairly simple 1o modify for
drawing lines in cther octanis. Depend-
ing on the octant in whi..l. Ilk line is
drawn, it will be necessary

® usc the absalute \alue ul d‘( and/or

dy;

® swap dX and d¥;
® adapl the two elementary move-
ments,

Table 2a provides an overview of the
abave furctions for each of the sight oc-
tants. The drawing of a line between two
points in an arbitrary octant fequires an
extended version of the line routine. The

fow diagram of this is shown in Fig, 14.
The first part of the program {up 1o AT-
TENTION) I8, in fact, a programmed ver-
sion of Table 2a, This part of the routine
ensures that the actual plet routine (Lhe
loop at the end) draws a line in the cor-
Ject direction. The calculation of “er-
ered over several branches,
accordance with Table 2a
when the decision roatine is called,
The listing in Table 4 is & Pascal
cedure written after the fow-chart of
Fig. 14. It should be noted that the

coordinates X and ¥ are read and op-
dated for usc as end criterions, Variables
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Fig. 14, Flow diagram of the evicaded lise drawing routine.
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SI'EPI and STEP2 correspond (0 con-
word 1, and variables STEF3 and
STEN to contred word 2 in the flow
diagram.

Circles and ellipsoids

The ploter will have to draw circles fre-
quently. A set of coordinates of a circle
can be computed with the aid of two
tables: one holds data of one period of
a sine function, the other data of one
period of a cosine function. Table entries
are rounded off 1o the nearcst integer.
The sine table then holds X coordinates,
the cosine table ¥ coordinates. The
amplitudes form the radius in the X amd
¥ direction. Equal amplitudes result in o
cirele, unequal amplitedes in an ellipsoid
whose major axis runs in parallel with
the X or ¥ axis. Ellipsoids which are
oblique with respect to the X or ¥ axis
are obtained by mutual shifting of the
tables. This effectively creates phase
shift variation.

Calculation of coordinates lays a mther
heavy claim on processor time, and is,
therefore, done beforchand. The result,
in the form of two tables, is stored in
memary. The circle can then be drawn by
having plouer step from point 1o
point wsing the Bresenham algorithm.

Extending the control

program

The previously discussed  elementary

routine and general algorithms shauld

enable progammers 10 dewlop a

suitable control program for their com-

puter. The bulk of the plotier control
program may be written in a higher pro-
gramming language, but there is no way

1o go round machine code for tlime

critical routines. The final program

shoubd enable drawing

® lines between a:hdtrml)‘ chosen coor-
dinates (absolute function);

# lines between the current pen position
and & coordinate defived with respect
to that position (relative function);

® standard  figures such as cirches,

® characters  (letters, symbals  and
Ead! :hamn ﬂmuld have a corre-

relative coordinates,
wmchaan be mul(lnlmd by a fixed factor
for enlarging or reducing character size.

™



PROCEDUEE BEESENAIN (X1,71,%2,¥2): WOAD; ATTRIDUTE: CHAR; FAGE: BOOLEAN);

VAR X, ¥, dX, dY, ERROR, STEP1, STEP2, STEPJ, STERL: WORD;

& e M2 -1
STEP;

STE
e < I'l nm( BEOIN Ilnltllllm J'ﬂr octants 3, 4, 4, 6]
tep Backunsds in x diretion]

Inx 1 ARG {ax})

IF dY < 0 THEW Ba::u [4nttinlize for octents 4, 6, 7, &)
BIER2 te -1; [otep backvnrds m r diraction]

STEPY tn =1t
Fr i at 41 1a 288 (1))

IF 4K = 4Y THEK [e‘Lanlm ¥ direction in movementl for ootants

. 4, 5, 8, and nitialioe declalon varlables. 1

=0
ELSE hlhnm.e % directicn in sovesentl for cstants

2, 3, 6, 7, and Initialise decision varisbles.
N

STEP 1 0;

[4X nd df sust be swepped.
ERROR servas a8 an wuxlliary variasle]
m e dX; AT ERRON

dt; df

|aur- plotting awmu]
11 [make instantancous and start soordinates equall

el
2 % 4X; [these two Lines prevant|
2 # d%; [multiplications in the
Lo (XY, KTTRIBUTE, FAGE); I;.u\ first plael on scresn]
IN[.E (x<>x2) or (Y<>¥2,

Enmn--m 3
IF ERACR <» O THEN SEGIN |novement 1]

BO;
HPLOT (X,Y, ATTRIBUTE, PAGE) [plot pleel X,¥ on screan]
B

Computer iser prougn and individusl pro-
grammen are imviled 10 write universally ap-
ibde sfiwasre divers Sor the ploter de-
scribed, Peslication in shis magazime can be
with the ediuee and

o mdird for he followiag compusers
Antimedes. Acors Ekearon, ‘Ainirnd
fP( IM. AIM ST, D 1, Commodore
BASIC compass,
nlll N:‘ x‘lx-\l axed compatibles (Amurad
EHI2/1640, MSX-2. Sisclair spe.m.n and
Quaatem Loap.

Wrisers who have submitied peogrammes
fomnd wuitable for publication are offersd u
publizaticn fee and a yeas's subnaziption o
'N 1 magaise, The clong dast for sonding
n Sagpeiied progruas i 1 December 1988,

Rain Synthesiser

This simple citcuil has proved
7 rebiable and effective as 2
wmna wffect generator for

crganssts
OIM simple dni:- of this type often
nse several stages of smplification o
make use of special noise diodes which
are comparatively expentive. The ad-
wantage of this design is that it employs
an ordinary OA 91 os smilar diode. The

internal moise produced by the diode iv
amplified by (e single stage pre-
ampiifier, consisting of T1 and its
associated compoments, which i de-
signed for high gain and law cost T1
«can be almost any silicon NPN transi-
tos, 8 BC1O7 being used i the proto-

'rl'vh’:nulpul X may be taken straight
t0 an amplifier if only 8 white noise
ot is required. However, the
addition of the passive filler, comprising
€3 and PI enables o variety of effects
rangisg from light rain 10 a heavy storm
1o be obtained.
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