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Lanp Contxol Circuit with Salectable Brightness Lavel

Tachnical Field .
The present invention relates to circuits for controlling
lampe in responge to -amblent light levels.

Background Art -

The need for evermore economical systems of lighting and
the parallel desgire to save enargy has seen advances in two
directiong., More effaective and efficient formg of
illumination have been devised inaluding, very
significantly, the fluorescent lamp. This lamp has
undergone vast technical improvements in recent years, and
it is quite common to £ind entire bulldings lit only with
fluorescent lamps. Other advances have been in the
improvement of automatic switching systems for fluorescent
and other lamps. These systems are designed to avoid the
unnecegsary consumption of energy when ambient lighting
levels render artificial lighting unnecessary, or to reduce
the level of artifleial lighting when ambient light levelsg
are merely lesg than optimal. There are a number of
existing automatic switching systems. These include,
mechanical photo-gensors which incorporate a heating
element attached to a bi-metallic strip, which mechanically
activates = .switch. These devices lack sengitivity, and
ar¥e ingonsistent in their operation. '

It ip known to provide night light devises having
photocells within the package, typically plugged into a
wall socket, which switch on aund off depending on ambient
light. However these lagk preciglon and cannot be uged
with a bright incandescent buldb, as the photocaell tends to
respond to the lamp light, causing osgaillation.

A simple form of mutomatic pwitch ig the timer switch,
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These devices are passive, and are pimply programmed to
switch a lamp on or off at pre-deternmined times.  They axe
inflexible and their programming must be renewed at
different times of the year to allow for differing lighting
conditions. In the case of a power failuxe their
programming may be lost.

More gophisticated devices have been developed (see for
example US Patent 5404080). However, these devices ara
commonly highly complex, requiring transformersg, complex
light gathering atages and provide a complexity of
functions which together make the devices too expensive and

too bulky for ready incorporation in exigting lamps or for
wide spread use.

Summary of the Invention

It is, therefore, an object of the presemt invention to
provide a lamp control cixcuit, which will enhance the
energy efficiency of a lamp by providing an inexpensgive
means for the automatic switching on and off of the lamp.

. The invention has been developed for use with fluorescent
. lamps but it will be clear to a person skilled in the art
- that the invention need not be restricted to such lamps.

According to the present invention there is provided a
control device for a lamp incorporating a light detection
circuit operable to gwitch the lamp on or off via a
switching means in response to ambient light impinging on a
- 1ight detector, characterized in that a first threshold of
ambient light intemsity (I,) at which the light detection
circuit switches the lamp off in regponge to increaging
ambient light intensity is greater than a second threshold
of ambient light intensity (I,) at which the light
detection circuit switches the lamp on in response to
decreasing ambient light intenaity, thexeby preventing the



switching means from oscillating due to influence of light
generated by the lamp being detected by the light detectox.

Preferably the light detection circuit incorporates a
gchmitt trigger.

Preferably the light detector is located at a knockout
opening of the lamp. -

Preferably the light detection circuit_incorporates a
manual override means to switch the lamp on when the
ambient light lavels are above the first threshold (L,).

Preferably the manual override means ig manually resetable.
Preferably the manual override means is ranually resetable.

Preferably the light detection circult incorporates a lamp
brightnesg selection circuit.

Preferably means are provided to allow selection of two
lamp brightness levels.

Preferably a second of the two brightness levels'is
gselectable by switching off and then om power to the device
within a maximum brightness-selection time period.

Preferably said light detector comprises a photocell.

Brief Degcription of the Drawings
Enmbodiments of the present invention are desoribed further
with reference to the accompanying drawings in which:
Figure 1 isg a circuit diagram of a2 solid state
electronic lamp control circuit incoxporating a switching
means and a light detection c¢ircuit;
Figure 2 is a circuit diagram of the light



. datection circuit;

Figure 3 is a circult diagram of an alternative
embodiment of the light detection c¢ircult incorporating a
manual override:;

Figure 4 is a c¢ircuit dlagram of a further
embodiment of the lamp control circuit, without the light
detection circuit; .

Figure 5 is a circuit diagram of the light
detection circuit shown in figure 4;

Figure 6 is a schematic diagram of a fluorescent
light .fitting f£itted with the lamp control circult.

Detalled Dageoription of the Preferred Embodiments

In a preferred embodiment of the inventlon a lamp control
circuit 10 is shown generally in'figure 1. 2An AC source is
connected to neutral terminal 11 and live terminal 12.
Neutral terminal 11 is connected to point 13, to 220 puF
capacitor 14 and to the cathode of 6.2 V zener diode 16.
The other terminél of capacitor 14 and the ancde of zener
diode 16 are commnacted to ground. The neutral terminal 11
ig further connected to MT, of 2N6075B triac 18, The gate
terninal of triac 18 is connected to light detection
circuit 20 via the output 21 of light detection circuit 20.
Terminal MT, of triac 18 ig connected to one terminal of
lamp 22. This lamp is preferably a fluoregcent lamp but
mzy be any form of electric lamp. The other tezminal of
lamp 22 is connected to the live terminal 13 and to the
first terminal of 27.3 kQ registor 24, The other terminal
of resistor 24 is connected to the cathode of 1IN4002 diocde
26. The anode of diode 26 is connected to ground.

A power supply is formed at point 13 by means of resistor
24, diode 26, zener diode 16 and capacitor 14. The voltage

at point 13 is approximately eagual to the zener breakdown
voltage.



The ocutput 21 of light detection circuit 20 may be either
'high or low, When this output is low, tha triac 18 acts asg
a short circuit and switches lamp 22 on. When the output
21 of light detection circuit 20 is high the triac 20
createsg an opan circuit and switches lamp 22 off.

Referring to figure 2, the light detection aircuit 20
comprises a power Bupply SO‘EBnnected_to the first términal
of 1.5 KQ registor 32, the second terminal of which is
connected té the first terminal of 100 kQ variable resistor
34. The pecond terminal of variable resistor 34 is
connected to the first terminal of Heimann a90.12 photocell
36 and to the inverting input of 1M393 operational
anmplifier 38. The second terminal of the photocell 36 is
connected to ground. Power supply 40 is connected to the
£irst terminal of 47 k() resistor 42, the second terminal of
which is comnnected to both the first terminal of 47 kQ
registor 44 and the noninverting input “of operational
amplifier 38. The second terminal of resistor 44 is
connected to ground. The output O©f the operational
amplifiar 38 is comnected via 22 kQ resistor 46 to the
noninverting input of operationai amplifier 38. - The output
of operatzonal amplifzar 38 is also connected via 56 kQ
res;stor 48 to power supply 50.

*The output potential of the above described first gtage ‘of
.lzght detection circuit 20, whzch,may be maasure& at the
output of operational amplif;er 38. fnay be either hzgh or

" low. The point at which the output- changes batween itg two
possible levels can be controlled with the voltage divider
conprising resistor 32, variable resigtor 34, and photocell
36. When the light incident upon photocell 36 is at a high
level, for instance during daylight, the resistance of
photocell 36 ipg negligible. The resistances of resigtors
32, 34, 42 and 44 are such that, under these conditions,
the inverting input voltage of ope:aéional amplifier 38 is



less than the noninverting input voltage of the operational
amplifier 38. Consequently, the output of the operational
anplifier will be high. As ambient light levels decrease,
the resistance of photocell 36 rises, and consequently the
inverting input voltage of operational amplifier 38 algo
rises. When the inverting input voltage exceeds the '
noninverting input voltage of operational amplifier 38 the
output voltage will go low. ‘COnsequenbly. aeven though the
anmbient light level varies continuougly, the output of
operational amplifier 38 assumes either a high or low
level. The first stage of light detection circuit 20 thus
operatés as a Schmitt trigger, and the output of
operational amplifier 38 will exhibit hysteresis. 2as a
result, small fluctuations in the level of ambient light as
this level generally increases or decreages will not cause

the output of operational amplifier 38 to ogcillate rapidly
between high and low levels.

The output'of operational amplifier 38 is additionally
connected to the first terminal of 2.2 MQ resigtor 52 and
to the cathode of 1N4148 diode 54. The second terminal of
~ resistor 52 and the anode of diode 54 are both connected to
. the f£irst terminal of 47 pF capacitor 56, the second
terminal of which is connected to ground. The second
terminal of zesistor 52 and the anode of diode 54 are
further connected to the noninverting input of LM393
operational amplifier 58, Power supply 60 is connected to
the £irst terminal of 110 kQ) resistor 62 the pecond '
terminal of which is conmected to 100 kQ resistor 64 and
also to the inverting input of operational amplifier 58.
The second terminal of reasigtor 64 is comnected to ground.
The output of operational amplifier 58 is connected to the
anode of 1N4148 diode 66, the cathode of which is connected
to the noninverting input of operational amplifier 58.
Diode 66 is provided to eliminate the effects of xipples in
power supply 60. The output of operational amplifier 58 is



additionally connected to the first terminal of 1.5 kQ
regiptor 68, the pecond terminal of which forms the output
21 of the light detection circuit 20. Point 13 is the
power source for power supplies 20, 40, 50 and 60 of light
datection cireuit 20. .

The light detection circuit 20 operates as follows. IE,
initially, ambient light levéls are low (for example at
night), the resistance of photocell 36 will be high and the
output of the first operational amplifier 38 will be low.
Consequently, the output of the second operational
amplifier will also be low, and the triac 18 will conduct.
Thug, lamp 22 will be on. As the ambient light level
increages (for example ag daylight approaches), the
reslstance of photocell 36 will £fall. Eventually the
potential at the inverting input of the first operational
amplifier 38 will be gufficiently low that the output of
oparational amplifier 38 will go high. AaAfter a short time
delay, determined by the resistances of resgistors 48, 52,
62 and 64 and the capacitor of capacitor 56, the output of
the second operational amplifier 58 will also go high. The
gate potential of tha triac 18 will accordingly go high and
the triac will behave as an open circuit. Thug, lamp 22
will be switched off. This time delay ensures that
nomentary increases in ambient light levels (produced, for
exémple, by tha head-lights of a pasging car) will not
cauge the light to be awitched off.

This procegs is essentially reversed when initial ambient

light levels are high and then decrease as, for example,
when night falls.

Owing to the behaviour of the first stage of the light
detection cirouit 20, the light level at which the
switching occurs differs slightly depending on the
direction of the change. This ensures that, should light



levels fluctuate about a generally increasing or generally
decreasing level a lamp will not be switched rapidly on and
off when the light level is near the necessary level fox
switching to occur. The difference between the two light
levels at which switching on and switching off occur may be
controlled with resigtor 46. The greater the resistance of
resistor 46, the smaller the difference between thase two
switching light levels.

It may be desirable to adjust the level of ambient light at
which,switching occurs. This can be performed by modifying
the voitage division performed by resistor 32, variable
resistor 34 and photocell 36, by means of variable resistor
34. An increase in the resistance of varlable resistor 34
will decrease the potantial at the inverting input of
operational amplifier 38 at any particular ambient light
level. Congequently lamp 22 will be switched on and off at
lepser ambient light levels. This may be ugeful where it
the minimization of power usage is regquired.

A gecond embodiment of the light detection cirguit is shown
in figure 3. Light detection circuit 70 incorpofates light
detection circuit 20, although in this embodiment variable
resistor 34 has a maximum resistance of 50 kQQ. In light
datection circuit 70, the output of the second operational
amplifier 58 is connected to the anode of MCR102
semiconductor controlled rectifier 72, The cathode of
semiconductor controlled rectifier 72 is commected to
ground. Power supply 74 ig connected to the firxgt terminal
of 3.3 UF capacitor 76, the gecond terminal of which is
connected to the gate of semiconductor controlled rectifier
72. Point 13 ig the power source of power supply 74 also.
The pecond terminal of capacitor 76 is algo connected to
the cathode of 1IN4148 diode 78 and to the first terminal of
22 K resistor 80. The anode of diode 78 and the second
terminal of resigtor 80 are connected to ground.



Thege additional circuit elements provide the light
detection circuit with a manual override. This override is
- employed to switch lamp 22 on even though ambient light
levels would normally dictate that lamp 22 be off. Under
thesa conditions the output of gecond operational amplifier
58 would normally be high. If the power supply to the
circuit is switched off and then on, these two operationsa
occurring within 0.5 to 1.5 seconds of each other, a pulse
will be generated by capacitor 76 which will cause
pemiconductor controlled rectify 72 to conduct and hence
the output of operational amplifieras 58 will go low.

Accordingly, as described above, lamp 22 will be switched
on,

The manual override can be reset in two ways. Thiz may be
parformed manually by switching the power supply off and
then on again but with the interval between these
operations greater than five seconds. Alternatively the
regatting will occur automatically when the surrounding
ambient light decreases to & level such that the second
operational amplifier 58 would, under normal operating
conditions, become low. This will make the potential at
the anode of the semiconductor controlled rectifier 72 low
and, consequently, the semiconductor controlled rectifier
72 will become an open circult. Accordingly, the light

detection eircuit 70 will return to normal operational
mode. ‘

A third embodiment of the invention.is shown in figures 4
and 5. In this embodiment it isg possible to set the lamp’s
brightnéss at either of two levels, one beilng the standard
brightness, the other corresponding to 50% current
congsunption. The lamp control circuit 90 of this
embodiment is shown in figure 4, though without the light
deteation circuit. An AC source is connected to neutral
terminal 92 and live terminal 94. Neutral terminal 92 im
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. connected to point 96, to 440 UF capacitor 98 and to the
cathode of 6.2 V zener diode 100. The other terminal of
capacitor 98 and the anode of zener diode 100 are connected
to ground. The neutral terminal 92 is further comnected to
MT, of 2N6075B triac 102 terminal MT, of which, as in
earlier embodiments, is connected to lamp 104,

The other terminal of lamp 104 is c¢onnected to the live
terminal 94 and to the first terminal of 27.3 kQ resistor
106. The other terminal of resistor 106 is connected to
the cathode of 94N4002 diode 108. The anode of diode 108 is
connected to ground. Neutral terminal 92 is further
connected to the first terminal of 47aF capacitor 110, the
second terminal of which is connec¢ted to the first terminail
of DB3 diac 112. The second terminal of diac 112 ig
connectad to the gate terminal of triac 102. Neutral
terminal 92 ig further connected to MT, of 2N6075B triac
114 and to the f£irst terminal of 100nF capacitor 116. MT,
of triac 114 and the second terminal of capacitor 116 are
connected to the first terminal of 10 kQ resistor 118, the
second terminal of which is connected to tha first terminal
of diac 112, M7, of triac 114 and the second ternminal of
capacitor 116 are also connected to the firat terminal of
50 kQ variable resistor 120, the second terminal of which
is connected to MT, of triac 102 via 5. 1 k() resistor 122.
Light detection c¢ixcuit 130 (figure 5) is connected at
points 124 and 126, as digcussed in detail below.

The light detection circuit 130 of this embodiment is shown
in figure 5. The circuit 130 incorporates light detection
circuit 20 (see figure 2), although in this embodiment
variable resistor 34 hag a maximum registance of 50 kQ, and
the resistor 68 comnected to the output of second
operational amplifier 58 in light detection circuit 20 is
replaced in light detection circuit 130 with 47 kQQ resistor
132. The second terminal of resistor 132 iz connected to
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& gate of BC337 transistor 134. The collector of
c;#nsistor 134 is connected to 50% ocutput 136 via 1.5 kQ
resistor 138. The emitter of transistor 134 is connected
to ground. )

The output of second operational amplifier 58 is algo
connected to 33 UF capacitor 140, which is then comnected
both to power supply 142 via 470 kQ resistor 144, and to
the gate of BC337 transistor 146 via 560k() resistor 148,
The collector of transistor 146 is comnected to 100% output
150 via 1.5 kQ) regsistor 152. The emitter of transistor 146
is conmmected to ground.

The output of second operational amplifier 58 ig further
comected to the first terminal of 1 kQi resistor 154, the
second terminal of which is connected to 100% output 156
via 510 kK resistor 158, The second terminal of resistonr
154 is additionally coanected to the emitter of BC327
transistor 160, the collector of which is connected to
power supply 162, The gate of transistor 160 is connected
via 47 kKQ resistor 164 both to 22 UF capacitor 166 and to
the cathode of MCR102 semiconductor controlled rectifier
168. The anode of gemlconductor controlled rectifier 16&
is connected to power supply 170, while the cathode is
further connected to ground wvia 5.1 kQ resistor 172. The
gate of semiconductor controlled rectifier 168 is connected
to the cathode of 1N4148 diode 174, the anode of which is
connected both to powe:r supply 176 via 3.3 UF capacitox
178, and to ground via 47 k() resistor 180.

Power supplies 30, 40, S50, 60, 142, 162, 170 and 176 of
light detection circuif 130 are conmnected to power source
point 96 of lamp control circuilt 90. 100% outputs 150 and
156 are comnected to the gate terminal 124 of triac 102,

and 50% output 136 is connected to the gate terminal 126 of
triac 114.
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The operation of this embodiment of the invention is
similar to that of the second embodiment. When the power
supply to the circult is first gwitched on, semiconductor
controlled rectifier 168 is triggerxed off caumsing the
potential between resigtors 154 and 158 to go high. bDuring
darkness triac 102 the provides 100% current to the lﬁmp
104, owing to the conduction of transistor 146 alone.
However, the 100% current c¢onsumption is sustained for only
a few seconds, determined by resilstor 144 and capacitor
140. The output at 150 then ceases and the current to the
lamp 104 drops to 50% of it previous level.

If, however, powar to the circuit is switched off and then
on within a period of 0.5 to 1.5 seconds, the semiconductor
controlled rectifiier 168 is triggered off and so does not
affect 100% output 156. Therefore, during darkness the
lamp is permanently at 100% brightness. -

Figure 6 is a schematic diagram is the lamp control
circuit, installed in an otherxwise conventional fluorescent
.-lamp £itting. The fluorescent lamp fitting 182 is provided
with a f£luorescent tube 184, a knockout opening 186 and two
gaps 188 and 1%0. The photocell 192 and the sensitivity
adjustment 194 (corresponding to variable resistor 34) are
located at one end of the fitting.

The present invention therefore provides a simple,
inexpensive device that may be integrated into a
conventional fluorescent lamp using a standard ballast, and
requiring no additional wiring. It may be lccated at a
knockout opening of a lamp fitting. It is compact and
sultable for mass production, but nevertheless incorporates
geveral important features including variable light
gensitivity, manual override, and selectable brightness.
.The variable sensitivity control may also be located at the
knockout opening of the lanmp £fitting. The hysteregis of
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the circuit ensures that the circuit will not oscilliate
owing to the influence of light generated by the lamp being
detected by the light detector Or uneven changes in the
levels of ambient light. .



———

y Iy
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A control device (10, 90) for a lamp (22, 104)
incorporating a light detaction circuit (20, 70, 130)
operable to switch the. lamp (22, 104) on or off via a
switching means (18, 102, 126) in response to ambient iight
impinging on a light detector (36), characterized in that a
first threghold of ambient lighkt intensity (L.) at which
the 1ight'detection eircuit (20, 70, 130) switches the lamp
(22, 104) off in response'to increaging ambient light
intensity is greater than a second threshold of ambient
light intensity (L,) at which the light detection circuit
(20, 90, 130) switches the lamp (22, 104) on in respomse to
decreaging ambient light intensity, thereby preventing the
gwitching means (18, 102, 126) from oscillating due to
influence of light generated by the lamp (22, 104) being
detected by the light detector (36). .

2., A control device (10, 90) for a lamp (22, 104) as

" claimed in claim 1 characterized in that said light

- detection circuit (20, 70, 130) incorporates a Schmitt

- trigger.

3. A control device (10, 80) for a lamp (22, 104) an
claimed in either of the preceding claims characterized in
that the light detector (36) is located at a knockout
opening (186) of the lamp (22, 104).

4. A control davice (10, $0) for a lamp (22, 104) as
claimed in any one of the preceding claims characterized in
that the light detection circuit (20, 70, 130) switches the
lamp (32, 104) off in response to increasing ambient light
intensity after a time delay to prevent the turning off of
the lamp (22, 104) during darkness due to momentary
increases in ambient light. .

5. A control device (10, 90) for a lamp (22, 104) as
claimed in any one of the preceding cléims characterized in
that the light detection circuit (70) incorporates a manual
override means (72, 74, 76, 78, 80) to switch the lamp (22,
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104) on when the ambient light laevels are above the firgt
threghold (L,).

6. A control device (10, 90) for a lamp (22, 104) as
claimed in claim 5§ characterized in that said manual
override means (72, 74, 768, 78, 80) ig operable by
switching first off and then on power to the device (10,
90) within a maximum time perioed. _ .

7. A control device (10, 90) for a lamp (22, 104) as
claimed in either claim 5 or claim 6 characterized in that
the manual override means (72, 74, 76, 78, 80) is manually
regetable.

8. A control device (10, 90) for a lamp (22, 104) as
claimed in claim 7 characterized in that the manual
override means (72, 74, 76, 78, 80) is manually reset by
switching first off and then on power to tha device (10,
90), the two actions separated by a minimum time period.
9. A control device (10, 90) for a lamp (22y 104) as
claimed in any one of claims 5 to & characterized in that
the manual override means (72, 74, 76, 78, 80) is
automatically resetable.

10. A coﬁtrol device (10, 90) for a lamp (22, 104) as
claimed in claim 9 characterized in that the manual
override means (72, 74, 76, 78, 80) resets automatically
when the ambient light level drops below the first
threshold (L,). . . |

11. A control device (10, 90) for a lamp (22, 104) as
claimed in any one of the preceding claims characterized in
that the light detection circult (130) incorporates a lamp
brightness selection circuit.

12. A control device (10, 90) for a lamp (22, 104) as
claimed in claim 11 characterized in that means are
provided to allow selection of two lamp brightness levels.
13. A control device (10, 90) for a lamp (22, 104) as
c¢laimed in claim 12 characterized in that a second of the
two brightness levels is selectable by switching off and
then on power to the device (10, 90) within a maximum
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brightness-gelection time period.

14. A control device (10, 90) for a lamp (22, 1(

claimed in any one of the preceding claims charac

that said lightt detegtor (36) comprises a photocell,

15. A control device (10, 90) for a lamp (22, 104) as
claimed in any one of the preceding claims characterized in
that the light detection cirecuit (20, 70, 130) is provided
with first threshold (L,) and second threéshold (L,)
adjustment means (34).

16. A control daevice (10, 90) for a lamp (22, 104) as
claimed in clalm 15 chéracterized in that said adjustment
means (34) comprises a variable resistor.
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