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ABSTRACT OF THE DISCLOSURE

An information-transfer apparatus in which the in-
formation is modulated on to a carrier from whence it is
recovered by demodulation and used to modulate a sec-
ond carrier. In order to avoid interfering modulation of
the second carrier by beats between harmonics thereof
and harmonics of the first carrier the two carriers are
locked in harmonic relationship with their frequencies
equal to mjf and nf respectively where m and n are both
integers less than 10 and may be equal.

The present invention relates to information-transfer
apparatus in which the information to be transferred is
used to modulate a first carrier signal, which is demodu-
lated, the information then being used to modulate a sec-
ond carrier signal.

One such apparatus is, as will be explained below, the
lighting control system described in connection with our
copending British patent application No. 47,339/66. It is
sometimes found that the brightness of lamps controlled
by this system varies at a low frequency.

The present invention has sprung from the realisation
that the lamp power supply, which is the second carrier
signal mentioned above, carries, in addition to a lamp-
brightness control signal, a beat signal derived from har-
monics of the first and second carrier signals. These har-
monics are separated by a small frequency difference only.
The variation in lamp brightness is caused by this beat
signal.

According to the present invention there is provided
information-transfer apparatus comprising a first modula-
tor for modulating a first carrier signal according to in-
formation to be transferred, a demodulator for demodu-
lating the first carrier signal, the demodulator having its
output circuit coupled to a second modulator for modu-
lating a second carrier signal according to the output sig-
nal of the demodulator, the carrier signals having fre-
quencies mf and nf, respectively, where m and n are inte-
gers smaller than ten, and means for locking the frequen-
cies of the two carrier signals together to ensure that the
ratio m/n does not change.

The integer m may equal the integer », and both m and
n may be equal to one.

In this specification and claims, the signals are said to .

be locked in harmonic relationship if the rate m/n is pre-
vented from changing.

Relating the frequencies of the carrier signals in the
ratio m/n ensures that, at least for low harmonics, where
a harmonic of one carrier signal is near in frequency to
a harmonic of the other these two harmonics will have
the same frequency, but beats can still occur if the fre-
quencies of the carriers drift causing a small difference
in the frequency of those harmonics which are nominally
of the same frequency. The beat signal set up would then
depend on how much drift occurred, that is the frequency
difference, or “slip,” between the carrier signals. Locking
in harmonic relationship prevents this drift, or slip.

Certain embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying drawings in which:
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. FIG. 1 is a block diagram including apparatus accord-
ng to the invention,

FIG. 2 is a block diagram of one form of the master
oscillator of FIG. 1, and

FIG. 3 is a block diagram of another form of the master
oscillator of FIG. 1.

A lighting control system will first be described with
rpference to FIG. 1, and it will then be explained how this
!1ghtin_g control system forms apparatus according to the
invention.

In the stage lighting system of FIG. 1 a bank 10 of dim-
mers controls groups of lamps (not shown). The intensity
of light from any group of lamps can be changed by mov-
ing the control lever, or dolly, of one of ten faders num-
bered 0 to 9, two of which 8 and 9 are shown in FIG. 1.
If a dolly is moved in one direction the brightness of a
group of lamps selected by a channel selector 13 is con-
tinuously increased, at a rate depending on the position of
the dolly, until the lamps are at maximum intensity, Move-
ment of the dolly in the other direction dims the lamps
continuously.

Each group of lamps is allocated a channel and eight
cores in a core store 14. One of the cores registers a one-
bit “On Off” signal, and the other seven register a seven
bit brightness count giving the required brightness for the
group of lamps. The channels are time divided and for
this purpose a 40 ke./s. master oscillator 15 supplies pulses
to a divider circuit 16, having two cascaded divide-by-ten
stages and two cascaded divide-by-two stages. The first
divide-by-ten stage gives a units output, the second divide-
by-ten stage gives a tens output, and the two divide-by-
two stages give a four state hundreds output. The channels
are numbered from one to four hundred and have a dura-
tion of twenty five microseconds. The outputs from the
divider circuit are passed to core drivers 17, which at the
beginning of each twenty-five microsecond channel period,
using the conventional half current pulses applied to X

“and Y axis wires of the matrix of the store 14, select the

eight cores allocated to one of the channels and transfer
their contents to a buffer store 18. The contents of the
buffer store is then converted to an analogue voltage by a
digital to analogue converter 19. The resultant voltage is
passed to a selected dimmer drive unit 20, by an output
scanner 21 comprising a sampling matrix of AND gates
controlled by the outputs of the divider circuit 16 and
feeding four hundred reservoir capacitors. The sampling
matrix, timed from the main divider waveforms, decom-
mutates the 400-channel time sequential signal from the
digital-to-analogue converter 19 into four hundred parallel
signals on the four hundred reservoir capacitors. These
signals, one per lighting channel, are shaped in the dim-
mer drive units 20 into signals controlling the four hun-
dred dimmers, one per lighting channel.

At the end of each twenty-five microsecond period the
contents of the buffer store are read back into the core
store, and the contents of the next eight cores correspond-
ing to the next channel are read into the buffer store.

The ten faders are used to enter the required brightness
counts into the store 14 and to change them as necessary.
First a channel is selected using the channel selector 13
and an input scanner 22. The ten faders each supply an
adjustable voltage to the input scanner 22. The channel
selector panel has ten “10’s” buttons marked 0, 10, 20,

. . . 90 and four “100’s” buttons marked 0, 100, 200 and
300 respectively. There are two registers or stores in the
channel selector 13, a ten-state “10’s” register (states 0,
10, 20, . . . 80 and 90) and a four-state “100’s” register
(states 0, 100, 200 and 300). If the “200” button is
depressed and released the “100’s” register is set to its
“200” state, lighting a signal lamp within or near the
“200” button and extinguishing all other “100’s” signal
lamps. This condition is sustained until another “100’s”
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button is operated. If now the “70” button is depressed and
released the “10°s” register is set to its “70” state, lighting
a signal lamp within or near the “70” button and extin-
guishing all other “10’s” signal lamps. Faders 0 to 9 now
operate on channels 270 to 279 respectively of the 400
channels available, controlling the lamps in lighting chan-
nels 270 to 279 respectively of the 400 channels available.
If the “10’s” button “0” is now depressed the “10’s” reg-
ister is set to its state “0,” “10’s” button “0” is illumi-
nated instead of button “70” and faders 0 to 9 operate on
channels 200 to 209 respectively. If “100’s” button “0” is
next depressed the “100’s” register is set to “0,” “100’s”
button “0” is illuminated instead of the “200’ button and
faders 0 to 9 operate on channels 0 to 9 respectively.

With the channel selector set to 270, the “100’s” and
“10’s™ registers in the channel selector are compared in
an AND gate matrix with the corresponding counters of
the divider circuit 16 to produce an output pulse when the
divider circuit is in states 270 to 279.

The “units” outputs of the divider circuit 16 are applied
to an “AND”-gate matrix with the analogue voltage out-
puts of the ten faders and with the outputs of the channel
selector. With the “200” and “70” buttons illuminated,
the combined output consists of samples from fader “0”
output when the divider is in state “270,” from fader
“1” output when the main divider is in state 271, etc,,
and from fader “9” output when the main divider is in
state 279.

The output of the input scanner 22 is composed of
bursts of sequential samples of the analogue voltage in-
puts from the faders, each taken once per divider circuit
cycle, the samples occurring only in those of the 400 avail-
able channel periods corresponding to the settings of the
channel selector. .

Each fader is lightly biased to its mechanical centre,
and its operating lever or dolly is moved in one sense
to raise the brightness of the lamps it controls and in the
opposite sense to dim them. The input scanner has a
two-wire output 23 and 24, the wire 23 only being ener-
gized by any faders moved from centre—zero in the
“Raise” sense, the other wire 24 only being energized by
any faders moved from centre zero in the “Dim” sense.
The sense of fader operation is thus wire-encoded, not
polarity—encoded. The samples vary in magnitude with
the displacements of the fader controls from entre-zero;
neither output is energized by a control set to centre-zero.

A voltage-controlled oscillator (V.C.0.) 25, uses a
128-state counter (not shown) driven by a 100 c./s.
waveform from the divider 16 to produce an analogous
output voltage having 128 distinct levels. Each level is
sustained for one complete 400-channel cycle of the di-
vider circuit 16, so that one complete cycle of 128 ana-
logue voltage levels lasts 1.28 seconds.

A comparator (not shown) compares these levels with
the outputs of the input scanner on wires 23 and 24. If
the voltage on either output lead of the input scanner is
greater than the level then existing in a given channel
period, the V.C.O. produces a pulse in that channel pe-
riod on the appropriate output lead. Thus with channel
273 selected and fader 3 at its centre-zero each output
of the input scanner is at (or below) zero during channel
period 273 of the main divider cycle, that is smaller than
any of the 128 analogue voltage levels. No pulse then oc-
curs in channel period 273 from either of the two outputs
28 and 29 of the V.C.O. If the dolly of fader 3 is set
fully in either the “Raise” or the “Dim” sense, one or
other of the channel selector outputs will be greater in
channel period 273 than all 128 levels of the V.C.O.
counter analogue voltage, and the V.C.O. will produce
a pulse at either its “Raise” output 28 or its “Dim” out-
put 29 in channel period 273 of every complete cycle
of the divider circuit 16. -

When the brightness count of a group of lamps, repre-
sented by the states of the eight cores allocated to that
group has been read into the buffer store 18, a raise/dim
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unit 31 raises or lowers the count at one unit per pulse
received along wires 28 or 29. Thus if for example the
fader coupled to channel 270 were in its maximum posi-
tion, the count stored by the cores allocated to that chan-
nel would be increased by 128 during every cycle of the
V.C.O. 128-state counter. If this fader were half way
between its maximum and centre positions, the count
would be increased by 64 during every cycle of this 128-
state counter.

The above described lighting control system includes
a multichannel information transfer network in which
as in some other such systems it is advantageous for rea-
sons of cost or space to provide some branches which are
shared by many channels in the system rather tham to
provide a completely separate branch for each channel.
In a common branch individual channel signals may be
characterised by carrier frequency, ie. in frequency-
multiplex branches, or by carrier phase, ie. in time-multi-
plex banches as in the system of FIG. 1.

Such time-multiplex systems comprise in general groups
of elements in which information flows at high rates in
relatively few parallel channels and other groups of ele-
ments in which information flows at relatively low rates
in many parallel channels. A fast channel group is
switched into many slow channels in turn, each slow chan-
nel including a memory or store to retain the information
last received until the fast channel is again connected.

Thus in FIG. 1 the V.C.0. 25, the Raise/Dim Unit 31,
the Buffer Store 18 and the Digital/Analogue Converter
19 constitutes a high-speed data-processing branch com-
mon to all channels in the system. Samples of signals
from the slow-speed input channels comprising the faders
0 to 9 are conveyed in sequence to the high-speed branch
by the Input Scanner 22, and samples of information
held in the Core Store 14 are conveyed in sequence to the
Buffer Store 18 by the operation of the Core Drivers 17.
Both of these are scanning operations, the Core Store 14
comprising a large number of parallel storage channels
in any one of which the information changes relatively
slowly. The Output Scanner 21 constitutes means for
connecting the output of the high-speed channel se-
quentially to each of the low-speed output channels com-
prising the Dimmer Drives 20 and the Dimmers 10.

In such a system we may distinguish two switching fre-
quencies, one the channel-switching frequency 40 kc./s.,
at which slow channels are presented to the fast channel,
and the other the field frequency 100 c./s., at which the
fast channel is presented to any one slow channel.

The scanning process, carried out by the core drivers
17, is a modulation process. The scanning waveform for
any slow channel comprises a fundamental field-fre-
quency component, the carrier signal, and an array of
harmonics related to this fundamental in frequency and
phase. The time-sequential sampling pulses for each
channel differ from channel to channel in the phases of
their field-frequency components and consequently in the
phases of their harmonics. The information from a given
slow channel appears in the fast channel as sidebands re-
lated in frequency and phase to each component of the
carrier waveform for that channel. Thus, although the
signals in the fast channel appear to be related to a car-
rier at channel-switching frequency because the unmodu-
lated sampling pulses appear in the fast channel at chan-
nel-switching freqeuncy, they are in fact related to the
field-frequency carrier forming an array of field-frequency
signals differing in carrier phase. Due to diffeing slow-
channel modulations the fast-channel waveform is repeti-
tive only at the field frequency (or fractions thereof).

The demultiplexing function performed by the Out-
put Scanner 21 and by the Core Drivers 17 in writing
information from the Buffer Store 18 into the Core Store
14 is a heterodyne demodulation process. The output
switching process appears for each slow channel as the
heterodyning of the total fast-channel signal by a signal
consisting of a field-frequency fundamental and an ar-
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ray of harmonics identical or closely related in compo-
nent phase and frequency to that used in scanning or
sampling the corresponding slow input channel; only the
information for the wanted channel correlates correctly
with the heterodyning carrier array and is demodulated.

The dimmers 10 are also modulators operating with
control information upon the power supply as carrier sig-
nals. Thus in controlling any group of lamps in one chan-
nel the control information is first modulated upon a
field-frequency carrier, then demodulated and remodu-
lated upon a supply-frequency carrier. The first two proc-
esses apply in any time-multiplex information transfer
system, the third in any system providing a controlled
supply-frequency output.

Modulation and demodulation processes can introduce
signal components at unwanted frequencies. Residual rip-
ple on power-supply output signals may introduce noise
components at supply-frequency harmonics, and residual
field-frequency ripple at the outputs of the demultiplexer,
for example the output scanner 21, may modulate the
supply-frequency carrier as supplied for example to the
lamps of FIG. 1. If the field frequency and supply fre-
quency are approximately but not exactly harmonically
related beats may occur between harmonics of the two
frequencies and may modulate the output, for example
the lamp brightness may “hunt” slowly about the required
level at a rate depending on the “slip” rate between the
relevant harmonics of field and supply frequencies.

Such undesired ‘beat” effects between field and supply
harmonics are eliminated by locking the field frequency
and supply frequency in exact harmonic relationship. For
this purpose the lamp power-supply is also applied to
the master oscillator, as shown in FIG. 1. Thus the Mas-
ter Oscillator 15 may consist of a series of harmonic
generators coupled in cascade which generate the oscil-
lators output signal by direct frequency multiplication
from the supply-frequency using harmonic generators.
Instead the Master Oscillator may be synchronized to a
signal derived by harmonic generation from the supply-
frequency, by direct injection of the harmonic signal into
the master oscillator circuit. In another arrangement the
master oscillator may include an amplifier stage 33 (see
FIG. 2), a voltage controlled frequency determining ele-
ment 34 which may be a motor-tuned circuit a reactance
transistor, or a saturable inducter, controlled by a phase
comparator 35, and a feedback path 36. The phase com-
parator provides an error signal by comparing the oscil-
lator’s output phase with the phase of a signal generated
by a multiplier circuit.from the power supply signal. The
error signal is then used to control the oscillator output
frequency. Instead the frequency determining element 34
may be an astable multivibrator having the resistors of
its timing circuits returned to a controlled bias supply.

FIG. 3 shows another arrangement for the master
oscillator 15, in which a gate 38 passes signals from an
oscillator 39, provided it is enabled by a flip-flop circuit
40. A pulse-forming circuit 41 sets the flip-flop circuit to
its enabling state once in every cycle of the power supply,
but the flip-flop circuit is set to its other state every
time the divider 16 reaches one particular state. An AND
gate (not shown) in the divider 16 provides a pulse for
the flip-flop circuit when all its inputs, coupled to one
of each of the hundreds, tens and units stages, are en-
abled. The frequency of the oscillator 39 is then so
chosen that, after the gate 38 is opened, the divider 16
cycles through all its states before the next pulse from
the circuit 41 occurs. The system of FIG. 1 then switches
channels at a rate dependent on the frequency of the
oscillator 39, but its field frequency is determined by the
supply frequency.

In some information-transfer apparatus such as portable
apparatus of apparatus operating from emergency power
supplies it may be easier or preferable to lock the supply
frequency to the field frequency of the apparatus.

When the field frequency and supply frequency are
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locked in harmonic relationship the “slip” frequency be-
comes zero and no “hunting” occurs. For example with
the field frequency as 100 c./s. and the supply frequency
as 50 c./s., the second harmonic of the supply frequency,
also 100 c./s., will be in constant phase relationship and
beats will not be set up, as they otherwise would be if the
field frequency drifted to say 101 c./s., when a beat fre-
quency of 1 c./s. would be set up.

It may be advantageous to lock the field frequency to
be an even multiple of supply frequency. Where the con-
trolled output is at supply frequency, it can be shown that
this balances a zero-frequency (D.C.) output of the sys-
tem, which may arise through field frequency ripple, in
successive half-cycles of the supply, producing zero result-
ant D.C. output. If the field frequency is an old multiple
of supply frequency the zero-frequency output may not so
cancel and a resultant D.C. output may occur. Such a
D.C. bias on a nominally alternating supply may be un-
desirable, for example, where loads may be transformer
coupled and the D.C. bias may interfere with correct
transformer operation.

What I claim is:

1. Information-transfer apparatus comprising a first
modulator for modulating a first carrier signal according
to information to be transferred, demodulator for de-
modulating the first carrier signal, a second modulator,
means coupling the output of said demodulator to said
second modulator for modulating a second carrier signal
according to the output signal of the demodulator, said
first and second carrier signals having frequencies mf and
nf, respectively, where m and n are integers smaller than
ten, and means for locking the frequencies of the two
carrier signals together to ensure that the ratio m/n does
not change.

2. Apparatus according to claim 1 including a time-
multiplex system comprising a plurality of input channels,
an equal number of corresponding output channels, and
a common channel through which information from the
input channels reaches the output channels, said first mod-
ulator being coupled between the input channels and the
common channel, and so modulating the first carrier signal
that items of information are passed sequentially along
the common channel, and said demodulator being coupled
between the common channel and the output channels, and
so demodulating the first carrier signal that each item of
information is passed to that output channel which corre-
sponds to the input channel from which that item orig-
inated.

3. Apparatus according to claim 1, wherein the second
carrier signal is the power supply for a lamp, the output
signal of the demodulator comprises a control signal for
controlling the brightness of the lamp, and the second
modulator includes a dimmer-drive circuit and a dimmer,
which together modulate the amplitude of the power
supply in accordance with the control signal.

4. Apparatus according to claim 2, wherein the second
carrier signal is the power supply for a lamp, the output
signal of the demodulator comprises a control signal for
controlling the brightness of the lamp, and the second
modulator includes a dimmer-drive circuit and a dimmer,
which together modulate the amplitude of the power
supply in accordance with the control signal.

5. Apparatus according to claim 4, wherein a number
of the input and output channels contain information as
to the desired brightness of an equal number of corre-
sponding lamps.

6. Apparatus according to claim 5, further comprising
a core-store coupled to said common channel and wherein
said first modulator includes core-driver means for se-
quentially reading out the contents of said core-store
into the common channel.

7. Apparatus according to claim 6 including means for
changing the brightness of selected lamps and means for
selectively changing the contents read-out from said core-
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store before demodulation, in dependence on the ouiput
of said brightness-changing means.

8. Apparatus according to claim 1, wherein the means
for locking the two carrier signals together includes
harmonic-generator means for generating one carrier
signal from the other.

9. Apparatus according to claim 1, including an oscil-
lator, for generating one of the carrier signals, having
control means for controlling the frequency of the carrier
signal so genmerated, and wherein the means for locking
the two carrier signals together includes a phase com-
parator, for comparing the phases of the first or second
carrier signal to provide an error signal which, when
applied to the said control means, causes the control
means to reduce to zero any difference between the fre-
quencies compared.

10. Apparatus according to claim 1 including an oscil-
lator for generating one of said carrier signals, wherein
the means for locking the two carrier signals together
includes inhibiting means having two states, in one of
which the oscillator signal is prevented from reaching
one of the modulators and in the other of which the oscil-
lator signal is allowed to reach one of the modulators, a
divider circuit coupled to the output of the inhibiting
means and having a number of states equal to the divisor
of the division carried out, means for changing the state
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of the inhibiting means to its said one state every time
the divider circuit reaches a predetermined one of its
states, and means for changing the state of the inhibiting
means to its said other state once every cycle of the
carrier signal which is not generated by the said oscillator,
the divider cycling through all its states every time the
inhibiting means is in its said other state.

11. Apparatus according to claim 1 wherein the fre-
quency of one carrier signal is an even multiple of the
frequency of the other carrier signal.
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