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% MICROPROCESSOR-
" CONTROLLED LIGHTING

SYSTEM

This final article describes the overall operation and performance of the prototype lighting
system. Details are given of the operating system, equalization table, and the hardware
required to set-up the control desk’s processing and recording modes.

Before discussing the operating software
used in the lighting system, its relevance is
best understood by considering the layout
of a typical control desk, as shown in Fig.
1, and how such a desk is operated. The
desired lighting pattern is set on the chan-
nel faders (presets), and this pattern is
stored in the processor-system memory by
pressing the ‘record” button associated
with a particular master fader, or ‘master
preset’. This partern will be recalled and
sent to the dimmer modules whenever its
associated master preset is not at zero.
Assuming for the moment that only one
master preset is at a non-zero setting at any
one time, any other master preset may now
be used and another lighting pattern set in
the same manner. Hence, a complete
lighting pattern may be stored for each
master preset.

There are two ways in which these
stored patterns may be controlled using
the master presets.

— Scaling — the equivalent of analogue
control-desk processing — in which each
preset level is multiplied by the master
preset level and the resulting signals sent
to the dimmer channels. Relative levels of
the channels are maintained at all times.

— And stepping, where the master preset
level is compared with the stored preset
levels and the lesser of the two levels used
for output. This type of processing is used
to build up a lighting pattern, i.e., all
dimmer outputs rise according to the level
of the master preset and then stop at their
predetermined levels. In an analogue
control desk, this type of processing would
require very complex circuits.

By using more than one master preset at
a time, lighting patterns can be gradually
changed from one stored pattern to
another. As the operating program end-
lessly polls all the faders and record but-
tons, any lighting pattern produced by a
combination of mastet and channel presets
may be recorded by simply pressing the
appropriate master-preset record button.

Operating Software

The operating program and the ‘look-up’,
or equalization table, are contained in just
over 1/2Kbyte of p.r.o.m. The require-

ments for r.a.m. depend on the overall size

of the control desk. Around 256 bytes are
required for the operating program and
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N(M+1) bytes for lighting pattern storage,
where N is the number of channel presets
and M the number of master presets. Ex-
cept for the largest of systems, 2Kbytes of
r.a.m. will suffice. Organization of the
data structures is shown in Fig. 2. The
present memory stores the lighting-pattern
preset levels associated with each master
preset. The output-buffer memory is used

Preset memory

1o store the required lighting pattern tem-
porarily, before the levels are converted to
output signals for the dimmer modules,
using the equalization table.

The equalization table performs two im-
portant functions. Firstly, the scaling
process entails the multiplication of
numerous channel and master preset
levels. Without an external multiplier unit,
most microprocessors carry out multi-
plication relatively slowly {(some recent
microprocessors, such as the 6809 and
9995 have such a muldplier internally).
The multplication problem could have
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Fig. 2. Data structures used in the control-desk software. M is the number of master presets,

and N is the number of channel presets.
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been solved by using a logarithmic a-to-d
converter, but in this case, logarithmic-law
faders were used together with a look-up
table containing base 2 antilogarithms for
the 256 possible levels — hence, multipli-
cations become simple additions.

Secondly, the table provides compensa-
ton for the non-linear relationship be-
tween the fader position and the subjective
brightness of the lamps, mentioned in the
first article. This code transformation is
fairly difficult to formulate, and will be of
more general interest than the code trans-
formation used in the prototype system
which combines both this subjective
brightness compensation and the antiloga-
rithm conversion, so this coding is given in
Table 1.

The operating program is not listed be-
cause it is specific to the processor used
and consists of only eight short sub-rou-
tines and three core-routines for lighting
pattern recording and processing.
However, using the flow-chart of Fig. 3, it
should be possible to program most
microcomputer systems to provide the
facilities described. The program tests data
present on the data bus to decide whether
scaling/stepping processing, or recording
mode is required. The hardware needed
for this is described in the next section.
Note that, to reduce processing time to
a minimum, there are a number of condi-
tional branches dependant on channel or
master levels being zero.

Process/record select circuits

The operating program must test whether
stepping/scaling processing, or pattern
recording is required. This could be
achieved by connecting the control desk’s
record and- process keys, through some
form of keyboard encoding, to a program-
mable i/o device (such as the 8155/6).
However, since mapped-memory tech-
nigues are used for all other data input and
output, a single /o port can be connected
directly 1o the data bus which is enabled
when the IO/M status line goes high.
Figure. 4 shows the process/record-select
circuit. When the ‘record enable’ key is
pressed, the octal encoder (74148) is
enabled and its output will stay high until a
master-presel record key is pressed. The
three RS flip-flops connected to the octal
encoder are reset, and hence the 4-bit bi-
nary counter (74163) is enabled. The coun-
ter outputs are connected, through a 4-10-
16-line demultiplexer (74154), to sixteen
cross-lines in the master-preset ‘record’
key-matrix. When a key is pressed, at least
'one of the encoder’s outputs goes low and
disables the counter. The three-state buf-
fer is enabled when either E, W/R or M/IO
is low, and the input data is transferred to
the processor data bus. Also, the four in-
puts to the NAND gate (1/2 7420) are
high, and on the next rising edge of the
system-engble, E, a ‘0’ is clocked out of the
D-type flip-flop and the four RS flip-flops
are reset. The next E pulse will enable the
system again. The 0 input of the octal
encoder is not used, as a low level on this
input will cause all three outputs to be high
{i.e., equivalent to no key being pressed).
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Hence up to seven modules may be used,
each with 16 master presets.

lutched by an RS flip-flop and connected
1o D+ of the data bus. Unlike the record-
key data, they do not form a destructive
read circuit.

Conclusion

For the 8085A microprocessor used and
with a system clock of 3MHz, Fig. 5 shows
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the experimentally determined
relationship between processing speed

Processing-mode keys are simply (that is, the rime taken for all the output

desk will operate fast enough,

channels to be updated) and the number of
master presets in use at any one time.
Assuming that the minimum acceptable
update frequency is 20Hz, a 60-channel

provided

that less than about 20 master presets are
in use. This limitation will not usually
effect operation as the maximum number

of master presets in use ar one time 1§
normally from four to eight.

There are a number of ways in which
this prototype system could be extended.
In most stage applications, the control
desk and dimmers arc remote from each
other, and the system desctibed would
require an expensive 40-way connecting
cable. Some form of high-speed serial in-
terface, with high noise inmunity, would
be of greater practical use. Because the
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Fig. 5. Experimentally determined process
time, i.e.. time for updating all dimmers, for
a 60-channel control desk.

The prototype lighting control systermn with,
from left to right, an 8-channel input
module, an a-to-d converter and buffer
memory board, a frequency mutltiplier and
sync. counter section and the
microcomputer.

major cost of most installations is in the
dimmer modules, the replacement of an
analogue control desk with a digital one
would most effectively be achieved by

providing a low-cost interface between the

digital output data and the exssting 0-10V-
direct voltage-controlled dimmers. More

permanent lighting parttern storage could
be easily achieved by providing either bat-
tery back-up for some of the r.a.m., or a
tape interface. In exacting situations where
the colour, or hue, of hghts has to be
maintained as their luminosity changes,
the software could be extended, and
lighting sets with three primary coloured
gels used.
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Unmorked Fup-flops were madeun
of 7400 gotes connected as shown

Srocessing

mode 1

o

Pl

WIRELESS WORLD JUNE 1982

oy

2 i) !
e UC‘ ; !
iy 16 i :
6 ‘\4
H 1
o N B
1" TL7 40 <

Estimates of the cost of o digita) control
desk compared with a conventional anai-
ogue desk suzgest 1that the tormer solution
15 the cheaper alternative lov svstems with
more than 40 channels and 20 master
presets. The fixed cost element ol the
MUCroprocesser svstem 1 offser by the ab-
sence of a diode-matrix board and the large
reduction in the number of taders.
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From puge 16

Computation

The calculations 1llustrated may be carried
out with the aid of a pucker calculator.
Access 1o a computer Is clearly advanta-
geous and Fortran programs have been
previously published * for the procedures
required. For convenience, four simple
Basic programs are prescnted on page 46
for the pole and zero calculations consti-
tuting the most difficult part of the compu-
tation. These programs may be readily
incorporated into a complete digital filter
design package for a desk-top computer.
The programs have been developed and
listed on a Hewlett Packard HDP 8%
microcomputer which allows several state-
ments per line, separated by @ The com-
mand DISP may have ro be replaced by
PRINT in may Basic implementations.

Bibliographical references have had to be held over
and will be inctuded ma therd part of this series
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