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1 GB2135771A 1
SPECIFICATION those within the controlled area. Furthermore,
several separate adjustments must be made in
Excess light turn-off circuit setting the system operation. Thus, there must
be separately adjusted the switch-on level, the
5 BACKGROUND OF THE INVENTION 70 switch-off level (or amount of hysteresis), the
This invention relates to electrical energy re- time delay for turning lights on after light has
duction means for controlling artificial light increased above a given threshold value and
intensity in accordance with the level of avail- the time delay for beginning to reduce light
able natural light, and more particularly re- level after a lower threshold has been
10 lates to an energy saving circuit and system of 75 reached. These adjustments are generally
this type which requires only a single user made by potentiometers or the like and each
adjustment and which reduces unnecessary single adjustment may affect all of the others.
cycling to a minimum. Consequently, adjustment becomes a difficult
It is well known that in areas which are and tedious task and takes a great deal of
15 illuminated by both natural light and artificial 80 time since one must observe the system oper-
light that the artifical light can be reduced ation over widely varying ranges of natural
when the level of natural light in the area is light and conditions and the person making
sufficient to serve predetermined purposes. the adjustment must have a high level of
A simple photosensor which switches an understanding of the system operation. As a
20 electro-mechanical relay in accordance with 85 result of these difficulties, it has been found
the level of natural illumination is commonly that in actual installations the system is never
used to control exterior lighting, such as light- satisfactorily adjusted, so that the potential
ing in parking lots or building floodlights. advantages of the system are unavailable to
- While the simple arrangement of a photosen- the average user and the potential energy
25 sor and an electromechanical relay performs 90 savings are lost.
satisfactorily for control of an exterior light,
such a simple arrangement cannot be used for BRIEF DESCRIPTIONS OF THE INVENTION
control of indoor lighting. This is because the In accordance with one aspect of the pre-
control of light level in indoor lighting situa- sent invention, the output of a light sensor is -
30 tions is much more critical than for an outdoor 95 passed through an adaptive electrical filter
arrangement, so that the device may continu- network before it is applied to the input of a
ally switch indoor lamps on and off to adjust comparator circuit. The filter serves the pur-
for relatively small changes in outdoor lighting pose of producing the two necessary time
due to clouds obscuring the sun, and the like. delays for increasing and reducing artificial
35 This would not cause the switching of the 100 light levels, respectively. The time delays pro-
device in an outdoor installation where the duced are automatically variable and depend
adjustment is relatively non-critical and artifi- upon the character of the natural light being
cial lights are not turned on until substantial sensed at any given time. The novel filter of
dark conditions are achieved. the invention causes the system to adapt its
40 Patent 4,281,365, in the names of Elving 105 operating parameters to instantaneous condi-
~ and Carlson, discloses a control arrangement tions. Due to this adaptive control capability,
which can be used indoors. A comparator it is possible to fix many of the system para-
circuit is employed which receives inputs from meters to known values and to provide only a
photoelectric sensing means and from an in- single adjustment which the user may make
45 put reference circuit. A hysteresis circuit is 110 after installation of the unit.
also disclosed so that the light level at which In accordance with another feature of the
the comparator output level goes from a high invention, a novel indicator circuit is provided
state to a low state is significantly different to indicate to the user when a proper adjust-
from the light level at which the output goes ment level has been reached of the single
50 from a low state to a high state. The compara- 115 adjustment control, such as a potentipmeter.
tor output then actuates a timing means The system of the novel invention mini-
which delays the operation of a power control mizes the number of on/off switching cycles
device which controls the indoor lamps and and substantial energy will be saved while still
delays their change in state for some fixed minimizing disturbance of the users in the
55 period after the change in comparator output 120 controlled area.
state occurs. This time delay is intended to Preferably, when employing the invention,
prevent frequent on/off switching cycles due the photo-sensing device will be mounted in a
to broken cloud cover which causes frequent region within the controlled area and has
changes in the natural light level. optimally chosen spatial response such that
60 In a system of this type, however, no mat- 125 the sensor response to natural light is maxim-
ter what time delay period is chosen for the ized and its response to artificial light is
operation of the system, rapid variation of minimized despite the fact that the sensor is
natural daylight conditions can still cause su- mounted within the controlled area. An ar-
fficiently frequent cycling to result in ex- rangement of this type is shown in my prior
65 tiremely uncomfortable work conditions for 130 United States Patent 4,236,101. By mount-
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ing the photosensor within the controlled
area, the natural light level sensed will be
subject to the same window modification ef-
fects (for example due to glass area, transmit-
tance and glare control) and more accurate
control is possible, thereby maximizing energy
savings while still maintaining adequate illu-
mination in the controlled area.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates a prior art
control employing a single photosensor and a
single electromechanical relay.

Figure 2 shows a second prior art control
arrangement in which a comparator circuit
and time delay circuit are employed along
with an adjustable hysteresis circuit and an
adjustable reference circuit.

Figure 3 schematically illustrates a first em-
bodiment of the present invention, wherein a
novel filter is employed between the photo-
sensor output and the comparator input.

Figure 4 schematically illustrates a second
embodiment of the invention which employs a
novel indicator device which indicates when a
single adjustment member has obtained the
desired adjustment value after installation of
the system.

Figure 5 is a detailed circuit diagram of the
embodiment of Fig. 4.

DETAILED DESCRIPTION OF THE DRAW-
INGS

Referring first to Fig. 1, there is shown a
simple well known circuit which is commonly
employed for controlling the lighting of an
outdoor area, such as a parking lot or building
floodlights. A suitable power supply, schema-
tically illustrated as the battery 10, is con-
nected in series with a suitable photoresistive
sensor 11 and the relay coil 12 of a conven-
tional electromechanical relay 13. Relay 13
could, for example, have normally closed con-
tacts 14. The normally closed contacts 14 are
then connected in series with an electrical
power circuit which energizes the exterior
lights such as floodlights, or the like. The
photoresistive sensor 11 has a resistance de-
pendent upon the level of incident illumina-
tion. As the illumination level falling on the
cell 11 increases, its resistance decreases until
sufficient current flows in the relay coil 12 to
cause the relay contacts 14 to change state.
Thus, if the relay 13 has normally closed
contacts, as shown in Fig. 1, once the artifi-
cial light achieves a sufficient level, contacts
14 will open to deenergize the exterior lights,
thereby saving energy which is no longer
necessary to illuminate the area in question.

The circuit of Fig. 1 must have some means
for adjusting the level at which the relay
contacts 14 are operated. This adjustment
commonly is made in a mechanical way as by
appropriately aiming the photosensor relative
to the sun or by employing a movable shutter
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which can be fixed in position to shade a
portion of the sensor area. Secondly, means
must be provided to prevent unnecessary cycl-
ing of the lights on and off due to varying
natural light levels. For example, on a partly
cloudy day, variations in daylight levels may
occur over a range of 10:1 or greater, de-
pending upon whether the sun is obscured or
unobscured by cloud cover. In the simple
arrangement of Fig. 1 this does not create a
problem because the level at which the relay
contacts 14 open is so low that even cloudy
conditions during daylight hours will still be
much brighter than the threshold vaiue. Fur-
thermore, the relay characteristics may be
designed so that the current of coil 12 re-
quired to open the normally closed contacts
14 is far greater than ths current at which
they reiease. Therefore, once the actuation
point is reached, the light level would have to
decrease dramatically to cause the relay to
release. Such a low light level is not typically
reached until the sun sets.

The simple device of Fig. 1 cannot be easily
used for control of indoor lighting. This is
because the adjustment of the exterior
mounted sensor or a sensor using a mechani-
cal adjustment is difficult and time consuming
and the adjustment procedure is so complex
and time consuming that the liklihood in-
creases that proper adjustment cannot be
achieved. Secondly, the light levels required
indoors for normally working conditions can
be much greater than typical exterior condi-
tions demand and the amount of light pro-
vided by natural illumination in the indoor
region is far less than in the outdoor areas
since light must generally pass through win-
dows or skylights of limited area and transmit-
tance. However, large variations in natural

‘light stili exist. Under these conditions, the

simple circuit of Fig. 1 cannot provide proper
performance for adequate energy saving oper-
ation.

The arrangement of Fig. 2 shows a prior art
arrangement similar to that previously de-
scribed in connection with Patent 4,281,365.
The device of Fig. 2 employs a conventional
photosensor 20 which is connected to one
input of comparator 21 which has an output
pin 22 which changes state between a high
and low condition when the output of photo-
sensor 20 crosses some predetermined thresh-
old value. A feedback circuit is connected
through an adjustable hysteresis resistor 23
which makes a connection between the output
pin 22 of comparator 21 and its second input
as shown. This hysteresis feedback will cause
the comparator output level to go from a high
state to a low state at a significantly different
light level than that at which the output went
from a low state to a high state. By adjust-
ment of the potentiometer 23, it is possible to
adjust the difference in light levels at which
switching takes places to switch on or to
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switch off. An adjustable reference voltage
source 24 is connected through resistor 25 to
one end of the hysteresis resistor 23 and to
the positive input of comparator 21.

The output pin 22 of comparator 21 is then
connected to an adjustable time delay circuit
26 as shown. The time delay circuit 26 pro-
vides a suitable time delay between the time
the state of pin 22 changes until the time that
a suitable input current is applied to the relay
coil 27 of relay 28 to cause the normally
open relay contacts 29 to change state.

Relay contacts 29 are connected to a suit-
able power line which controls the energiza-
tion of the interior lighting of the area which
is being controlled. The purpose of the adjust-
able time delay 26 is to reduce the number of
on/off switching cycles of the artificial light
circuit which might otherwise occur in the
presence of a broken cloud cover or some
other frequent cause of change in the natural
light level which is applied to the photosensor
20. Thus, if the output of the comparator 21
changes state for a period less than the delay
time of adjustable delay 26, no change in
output state will occur and a possibly un-
necessary switching cycle is inhibited.

As pointed out previously, the natural light
level at which the artificial lighting must be
turned on is much higher in an interior light-
ing application than in the case of the exterior
lighting system of Fig. 1. This, combined with
the fact that there is much lower maximum
daylight level within the region being con-
trolled, means that the hysteresis for thé in-
door control must be smaller than that in an
exterior control system if switching is to take
place. As an example of the above, assume an
exterior parking lot which must be lighted to
two foot candles by artificial lighting system
of Fig. 1. The control must then be adjusted
to turn the lights on when daylight level falls
below the two foot candle level. If the hystere-
sis within the relay 13 of Fig. 1 is set for a
20:1 ratio between switch off and switch on
levels, the lights will turn off at 40 foot
candles and turn on at the desired two foot
candles. The 20:1 ratio which is available
within the relay 13 will provide an adequate
guard band against typical cloud variations of
10:1. Thus, since maximum daylight levels
can exceed 10,000 foot candles outdoors, an
upper switch level of 40 foot candles is easily
exceeded even on overcast days when the
maximum may be only about 1,000 foot
candles, and system operation is quite satis-
factory.

Consider next the typical interior situation.
The desired light level provided by artificial
lights could typically be 70 foot candles.
Thus, the switch-on point for the system must
be set to a much higher level than in the
exterior lighting system of Fig. 1. It is also
known that only a small fraction of available
daylight will enter a typical interior area. Typi-
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cally, 2% of the exterior light can be used to
illuminate the interior region of an interior
volume. This would provide about 200 foot
candles of light in an interior region when the
exterior light is at maximum daylight levels.
Broken clouds will cause this level to rapidly
vary, however, from 200 foot candles down
to 20 foot candles. Therefore, if the hysteresis
of the circuit of Fig. 2 is maintained at 20:1
as in the case of Fig. 1, the system would not
switch off until 1400 foot candles are
reached. Consequently, no switching could
occur since the maximum level available
within the interior region is only 200 foot
candles.

For the above reason, hysteresis for interior
lighting circuits must be reduced or no energy
can be saved. It is, however, necessary to
provide some hysteresis to prevent rapid oscil-
lation about a switching level particularly
when the sensor is located in the controlled
area since part of the light falling on the
sensor is from the artificial lights themselves.
If the hysteresis ratio is reduced to 1.5 as an
example, then in the interior room, light will
be switched off at 105 foot candles and will
be switched back on at 70 foot candles and
substantial energy can be saved. However, in
the system of Fig. 2, broken clouds will cause
the system to constantly switch on and off
since the artificial light will reduce to 20 foot
candles which is lower than the 70 foot
candle minimum and will be as high as 200
foot candles which is above the 105 foot
candle switch point. This frequent switching
will be noticeable and disturbing to occupants
within the controlled area since each switch
results in a substantial change of lighting level
from the 70 foot candle level.

it is greatly desirable to minimize the num-
ber of switching cycles to as large an extent
as possible while still providing adequate illu-
mination and substantial energy saving. Rapid
switching is reduced to some degree by the
adjustable time delay 26 of Fig. 2. Thus, by
delaying the actuation or release of the power
switching device 28, it is possible to reduce
the number of switching cycles by ignoring
light level transitions which last for a time less
than the predetermined time delay of circuit
26. Typically, time delays of the order of 10
seconds to 10 minutes can be used with the
delay before switching interior lights on being
much shorter than the delay which occurs
before the lights will be switched off (in order
to prevent long periods of excessive low light-
ing levels). For example, if the short delay is
10 seconds and the long delay 10 minutes,
any excursion of daylight below 70 foot
candles for greater than 10 seconds would
cause the light to switch on, and any excur-
sion above the 105 foot candles level for
greater than 10 minutes would cause the
interior lights to switch off.

The system described above in connection
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with Fig. 2 has a number of shortcomings.
First, no matter what time delay periods are
chosen, the variation in natural daylight can
still be sufficiently great to cause frequent
cycling unless the longer time delay is in-
creased to an unreasonable level. Thus, if
natural daylight changes between 20 foot
candles and 200 foot candles regularly at 11
minute intervals, the artificial lights in the
controlled area would switch on for one min-
ute and 10 seconds cut of each 22 minute
cycle. This would be sxtremely annoying to
occupants of the room.

If the 10 minute time delay were increased
dramatically to, for example, on hour, then
any daylight pattern which dropped below the
70 foot candle limit during the one hour delay
period would cause the delay to be reset and
the system might never turn off the lights.
Even if the system did result in turning off the
lights, a condition is possible in which day-
light varies every 1.1 hours due to a small
cloud passing over the sun, which could
cause lights to switch on for another full hour.
Thus, the lights would be on for an excessive
length of time, when they are not needed,
and the occupants of the controlled area
would be subjected to six or seven switching
cycles in a typical eight-hour work period.

Also, if daylight level were to fall only
slightly below the 70 foot candle reference,
the system would react in exactly the same
manner as if the daylight was gone com-
pletely. For example, if the daylight level were
to fall to 65 foot candles for 10 seconds, the
articial light could be turned on, although it is
nearly impossible for the average person to
distinguish between 70 and 65 foot candles.

In addition to the above difficulties, the
circuit arrangement of Fig. 2 has four indivi-
dual parameters which must be chosen for
proper operation of the system. These are
switch-on level, amount of hysteresis, turn-on
time delay and turn-off time delay. These four
parameters are generally adjusted by respec-
tive potentiometers or other control devices.
However, the adjustment of this many inter-
acting control elements becomes a difficult
and tedious task, particularly since one must
observe the system operation of a widely
varying range of natural lighting conditions
and possess a high degree of understanding
of the system operation to obtain a satisfac-
tory system adjustment. The difficulty of this
taks makes it unlikely that the adjustment will
be properly made so that the potential advan-
tages of the system for saving energy might
be unavailable to the average user.

Moreover, many systems use sensors which
do not discriminate well between natural and
artificial light so that large amounits of hystere-
sis might be needed to prevent unacceptable
system oscillation. This again reduces the po-
tential energy savings.

The first embodiment of the present inven-
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tion is shown in Fig. 3. Referring to Fig. 3,
there is schematically illustrated a voliage
ouput photosensing device 30 which may be
of conventional structure and can, for
example, have the construction shown in U.S.
Patent 4,236,101 or of any other prior art
lighting control photosensor arrangement.
Photosensor 30 is connected to the negative
input pin of comparator 31 through a novel
filter circuit 32 which serves the function of
injecting automatically adjusted time delays
into the circuit, as wiil be later described. The
output of the comparator 31 is connecied
back to the positive input terminal of the
comparator through a fixed hysteresis resistor
33. A fixed reference voltage source 34 and
resistor 35 are also provided and connected 1o
the positive input pin of comparator 31. The
output of the comparator 31 is then con-
nected directly to the relay coil 36 of relay 37
which has normally open power contacts 38
which are connected to the power circuit for
controlling the indoor lights.

The novel circuit of Fig. 3 avoids the prob-
lems previously described in connection with
the prior art circuits of Figs. 1 and 2. This
improvement is obtained by connecting the
output of light sensor 30 through the filter
network 32 before it is applied to the input of
comparator 31. Filter 32 produces time de-
lays in applying the output signal of the
photosensor to the comparator. Unlike the’
prior art, these time delays are variable and
depend on the characteristics of the natural
light being sensed by the sensor 31 at any
instant. Filter 32 serves to essentially cause
the system to adapt its operating parameters
to the instantaneous lighting conditions. Due
to this adaptive control capacity, it becomes
possible to fix many of the system parameters

to known values and to provide only a single

adjustment for the user to make after the
system is installed. Furthermore, it becomes
possible to provide an indicator, as will be
later described in connection with Fig. 4, to
alert the user as to when the proper state of
adjustment is reached. The on/off switching
cycles will be minimized by novel invention
particularly because of the adaptive and auto-
matic adjustment of the time delays and sub-
stantial energy will be saved while minimizing
disturbance to the users in the controlled area.
As previously stated, the photosensor 30 is
preferably mounted in an optimally chosen
spatial region so that the sensor response to
natural light is maximized and its response to
artificial light is minimized, despite the fact
that the sensor is mounted in the controlled
area. The mounting of the photosensor within
the controlled area is desirable because the
natural light level sensed will then be subject
to the same window modification effects, for
example, due to glass area, transmittance and
glare control devices, as the actual controlled
area and more accurate control is possible.
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This will allow maximum energy savings while
still maintaining adequate illumination.

The operation of the circuit of Fig. 3 is as
follows: The photosensor 30 produces an out-
put voltage which is generally linearly propor-
tional to the illumination level falling upon the
photosensor. Optimally, this level is entirely
due to the natural light entering the controlled
area. The filter 32 can take many forms but,
for the purpose of the present explanation, the
filter will be assumed to have an exponential
time response such that when the voltage at
the input of the filter 32 is changed in a
stepwise fashion from a voltage V, to a vol-
tage V,, the output voltage, as a function of
time, is described by the expression
V() =V, + (V, — V,)e~T. In the above expres-
sion, T is the characteristic time constant of
the filter.

Comparator circuit 31 is a conventional
comparator circuit and includes hysteresis as
described previously, so that the output of the
comparator will change state when its input
rises above a relatively high voltage level
(hereinafter termed V) or drops below a
relatively low level (hereinafter termed V,,).
This characteristic, along with that of the filter
32, provides the necessary time delay func-
tion in the following manner:

Assume the output of sensor 30 is at some
contant level V; which is below V_, and has
been at this level for a long period relative to
the time constant T. The filter output will also
be essentially equal to V, and the artificial
lights will be in their energized state. If now
the sensor output suddenly rises to a value V,
which is above V, nothing can happen until
the comparator input rises above V. If the
above equation describing the filter response
of filter 32 is solved for the value of t such
that V(t) = V,,, the delay time (t;) between the
change in said sensor output and the change
of comparator output will be t, =T
Tn[V, = V3)/ Ve = Vo]

A similar calculation can be made for any
step change in input level corresponding to a
rapid change in natural daylight. It should be
noted that the time delay t, is not a fixed time
delay as in prior art arrangements, but the
delay t, varies with the initial and final values
of illumination level, as well as with the
instantaneous comparator voltage and filter
time constant. Thus, if the initial voltage is
close to V4, then the time delay will be
relatively short. This corresponds to a situation
wherein the initial light level is almost high
enough to allow turning off the artificial light-
ing so that a relatively short delay, once the
level rises, is justified and maximizes energy
savings. Moreover, a high value of V, has a
similar effect. Both these conditions, an initial
value close to V; but below it, and a final
value far above V, tend to indicate a high
level of natural light availability, so that a
relatively short delay before turning off artifi-
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cial illumination is a reasonable procedure to
follow since the high level of natural light
means that the artificial lights can be off most
of the time, while there is still sufficient light
in the controlled area.

Conversely, if the initial value is far below
V. the time delay will be very long. This is
now proper since the general level of available
daylight now seems to be barely adequate, so
even if it momentarily rises above V, if one
were to deenergize the artificial lighting, it is
likely that the natural light would fall to a very
low level and the lights would have to be
immediately turned back on. This is the an-
noying rapid cycling phenomenon which
could be experienced by the prior art arrange-
ments. To avoid this in prior art arrangements
employing fixed time delays, a compromise
must be made between the long time delay
which minimizes cycling but sacrifices energy
savings and the short time delay which would
produce the best energy savings at the price
of rapid cycling. With the present invention,
there is automatic adjustment of the time
delays to minimize cycling by adopting long
delays during periods of barely adequate natu-
ral light levels but changing the shorter delays
for optimum energy savings when natural
light rises to substantial levels. A similar ac-
tion occurs when natural light levels are de-
creasing. If the level drops barely below the
V,, trip point, it must remain there for quite a
long time before the lights will actualy come
back on. This is no hardship to users of the
area so they will only be marginally short of
light and may not notice the small light reduc-
tion and unnecessary cycling is prevented. On
the other hand, a drop in natural light to a
.level substantially below V,, will result in a
short time delay so that area users are sub-
jected to an extended period with greatly
insufficient illumination levels.

In actual practice, as will be later descri-
bed,the time constant for decreasing light
levels may be made significantly shorter than
that for increasing levels to minimize the time
spent in low light level conditions. This is
accomplished by varying the filter constant T
depending on whether the natural light level
is rising or falling. )

The adaptive nature of the novel time delay
circuit which employs the filter 32 of Fig. 3
leads to an additional advantage. Thus, in the
prior art, the need to compromise the fixed
value of delay time resulted in a need to
adjust delay time for each individual installa-
tion since various desired lighting levels and
availability of daylight require different delay
times to achieve a satisfactory compromise
setting. This meant that at least two adjust-
ments were needed, one for light level and
one for time delay. In actual practice, how-
ever, devices with as many as three or four
adjustments have been employed as de-
scribed, for example, in Patent 4,281,365.
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This required an adjustment procedure which
was complex and needed to be repeated sev-
eral times in order to arrive at the suitable
compromise.

By using the adaptive characteristics of the
present invention, time delay adjustments are
unnecessary for proper operation. Also, the
amount of hysteresis may be fixed. When the
invention is used with a suitable photosensor
which is maximally responsive to natural light
and minimally responsive to artificial light, as
described in U.S. Patent 4,236,101, the sys-
tem response to artificial light is essentially
zero. No adjustment of hysteresis is then
necessary and the value can be factory set to
achieve optimum energy savings. Thus, use of
the present invention allows the configuration
of a system which contains only a single
adjustment which can be made by the user
for adjustment of the switching level and the
proper adjustment and operation of the sys-
tem is thereby greatly facilitated.

Fig. 4 shows a second embodiment of the
invention and components identical to those
of Fig. 3 have been given identical identifying
numerals. Fig. 4 also shows an adjustable
potentiometer 40 between the photosensor
30 and filter 32 and further shows a circuit
network for providing an indicator to give the
user a positive and instantaneous indication of
proper system adjustment. Without such an
indicator, the user must make an adjustment
in Fig. 3, for example, of a resistor such as
potentiometer 40 in Fig. 4 and wait until the
time delay built into filter 32 expires before
the effect of the adjustment becomes appar-
ent. Thus, the user has only his own intuition
and understanding of system operation to
guide him in making corrections to his adjust-
ments. With multiple adjustments, as in the
prior art, it is impossible to provide an indica-
tion of proper adjustment since a single indi-
cating device cannot know the parameters of
the controlled area in order to deduce correct
settings.

With only a single adjustment, however, an
indicator may be provided which indicates, for
instance, that the input voltage to the filter 32
is now equal to the level at which the compar-
ator would cause the lights to turn on again.
This level is known by the indicator because it
is fixed by the designer and is not subject to
change by the user. Note that by driving the
indicator circuit from the voltage in front of
the filter 32 and before it is acted on by the
filter 32, the indicator response to the adjust-
ment can be essentially instantaneous. Thus,
the user making the adjustment no longer has
to wait for the expiration of the time delay to

. see the effect of his adjustment and the

adjustment is quick and simple to accomplish.
In Fig. 4 the indicator circuit consists of a°
second comparator circuit 50 connected in
front of filter 32. Comparator circuit 50 is
provided with a fixed reference voltage 51 to
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its second input pin and the output of com-
parator 50 operates a suitable indicating de-
vice 52 which can, for example, be a light-
emitting diode or meter, or the like. The
indicator reference voltage 51 is typically
made equal to the reference voltage at which
the control comparator 50 will cause artificial
lights to turn on.

In order now to adjust the overall system,
the user simply waits until incoming daylight
reaches a level at which the user wants the
exterior lights to turn on. The adjustment
means 40 is then set until the comparator 50
changes state and the indicating device 52
turns on or reaches some predetermined level
which has been set at the factory. This will
then indicate an output voltage of the sensor
which, after a time delay imposed on it by the
filter 32, would have caused the relay 37 to
operate in order to bring on the lights. This
setting and adjustment is made practically
instantaneously and can be made by un-
trained personnel.

Fig. b is a detailed circuit diagram of a
circuit which carries out the functions de-
scribed in connection with Figs. 3 and 4. The
circuit of Fig. 5 is provided with terminals 60
to 66. Terminals 60 and 61 are a-c power
terminals for supplying power to the control
circuit. Terminals 60 and 61 may, for
example, be connected to a 12.6 volt secon-
dary winding and are connected to a single
phase full wave bridge connected rectifier 70.
The output of rectifier 70 is then connected to
the resistive divider consisting of resistors 71
and 72. A diode 73 and capacitor 74 are
connected as shown. Note that capacitor 74 is
connected to the node between resistors 75
and 76 and then to pin 5 of comparator 77
which corresponds to the second comparator
50 of Fig. 4. Diode 73 acts as a decoupling
diode, as will be later seen, and prevents the
filter capacitor 80 from discharging into the
relay coil to be described. Comparator 77 may
be a type LM3424.

It should also be noted that the signal
applied to pin 5 of comparator 77 will have a
ripple corresponding to the output ripple of
rectifier bridge 70 since the output to pin b is
unfiltered. The output of rectifier 70 is also
applied to a filter circuit consisting of capaci-
tor 80 and resistor 81. The output of this
filter is applied to a 12 volt Zener diode 82.

The regulated output voltage is then applied
across the resistive divider consisting of resis-
tors 75 and 76 and is applied to the power
amplifier circuit consisting of transistors 85
and 86, the output of which is connected to
the indicating device which includes light em-
itting diodes 87 and 88 and a parallel resistor
89. LED 87 has a green output light and LED
88 has a red output light. The LEDs are
arranged such that LED 88 is on when the
output of amplifier transistors 85 and 86 and
thus of the photosensor to be described is
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low, while the green output LED 87 will be on
when the output of the photosensor is high.
The parallel connected LEDs 87 and 88 are
then connected to the node between resistors
90 and 91 which are also connected across
the regulated output voltage of the Zener
diode 82.

In the circuit described to this point, it was
noted that the voltage at the node between
resistors 75 and 76 is applied to pin 5 of
comparator 77 where this voltage will have a
ripple voltage superimposed around a refer-
ence value. The voltage applied to pin 6 of
comparator 77, as will be later described, is
the processed output voltage of the photosen-
sor. The output voltage at pin 6 will then in
effect oscillate above and below the voltage
on pin 5 so that the green LED 87 and red
LED 88 will turn on and off each half cycle to
produce the effect of a combined orange light
when the system is in proper adjustment.
Thus, the user of the system making an
adjustment for the light level at which the
device should become operative will know
immediately that the system is in proper ad-
justment. If, however, the adjustement of the
system is such that the output voltage at pin
6 is too high, the output of comparator 77
will turn on only the green LED 87 and
alternatively, if the adjusted output voltage is
too low, the output of comparator 77 will be
low so that only the red LED 88 is turned on.
When, however, the adjustment is correct, the
output voltage at pin 6 will be within the
ripple value applied to pin 5 so that both
LEDs 87 and 88 will sequentially turn on and
off to produce an orange appearance indicat-
ing a correct adjustment setting.

The input terminal 62 shown to the left in
Fig. 5 is the photo-head supply voltage termi-
nal and is connected to the photo-head which
is remotely positioned relative to the circuit of
Fig. b. The photohead is also connected to
terminals 63 and 64 which are the photo-
head output signal terminal and photo-head
common reference point, respectively. The 12
volt potential immediately atop Zener diode
82 is connected to the resistor 95 as shown
and is also connected to pin 4 of operational
amplifier 96 and to pin 7 of operational
amplifier 97. Amplifier 96 as will be later
described is a non-inverting amplifier having a
gain of approximately 6 and acts to provide
an amplified photo-head output signal from
pin 1 to pin 6 of comparator 77. Operational
amplifier 97, as will be later described, is
contained in the filter network and has the
effect of making the filter capacitor appear to
have a greater value and enables a reduction
in the filter capacitor size. Operational ampli-
fier 96 may be a type LM324 and operational
amplifer 97 may be a type CA3140.

The photo-head output voltage between ter-
minals 63 and 64 is applied to an adjustment
circuit corresponding to adjustment means 40
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in Fig. 4 and consisting in Fig. 5 of adjustable
resistor 100 and fixed resistors 101 and 102.
The output of resistor 100 is connected to the
positive input terminal of amplifier 96 at pin 3
while the input terminal at pin 2 is connected
to the common reference voltage through re-
sistor 105. A conventional feedback resistor
106 is also provided.

The output of amplifier 96 is then applied
to a filter circuit having the function of filter
32 of Fig. 4. The filter in Fig. 5 includes filter
resistor components including resistor 110,
resistor 111 and diode 112 and a capacitive
component which includes capacitor 113, the
operational amplifier 97 and its associated
resistors 114 and 115. Note that during the
discharge interval of the filter capacitor, the
capacitor discharges through resistors 110
and 111 in parallel since the diode 112 is
forward biased. When charging the filter capa-
citor, however, the charging current flows
through only resistor 110 since the diode 112
is reversed biased. Therefore, the filter has
different time constants during filter charging
or filter discharging which correspond to filter
induced time delays of different values when
light levels are to be increased or decreased.

By placing the operational amplifier 97 in
circuit relationship with the filter capacitor
113, the apparent size of the capacitor is
increased where, for example, the capacitor
component of the filter has an effective capa-
citance of 1,500 microfarads when, in fact,
capacitor 113 is only a 2.2 microfarad device.
The filter described will have a time constant,
for example, of 600 seconds during filter
discharging.

Fig. 5 next shows the main comparator
circuit 120 which corresponds to comparator
31 in Fig. 4. The input to pin 13 of compara-
tor 120 comes from the output of the filter
circuit which output is taken from the node
between resistors 110 and 111 of the filter. A
noise supression capacitor 121 is connected
across pins 12 and 13 of capacitor 120.
Comparator 120 can be a type LM324 inte-
grated circuit.

The network consisting of resistors 122,
123 and 124 define the hysteresis resistor 33
in Fig. 4. The regulated 12 volt outpyt of
Zener diode 82 is applied to the resistor 122
as is shown, and corresponds to the fixed
reference voltage 34 in Fig. 4.

A circuit consisting of resistor 130 and
capacitor 131 is then connected to the output
pin of comparator 120 as shown and serves
as a further noise suppressor. The output
terminal of comparator 120 is also connected
to an amplifier circuit which consists of resis- .
tor 135, resistor 136 and transistor 137. The
output of the transistor amplifer is connected
to the relay circuit which corresponds to relay
37 of Fig. 4.

The relay of Fig. 5 consists of a pilot relay
having a coil 140, a normally open contact

i
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141 and a protective diode 142. This relay
can be a commercially available reed type of
relay. The contacts 141 can be used at termi-
nals 65 and 66 to control a high power relay
which controls the application of power to the
internal lighting.

The operation of the circuit of Fig. 5 will
directly follow that described in connection
with Fig. 4. Additional features in Fig. 5
include the novel combined operation of LEDs
87 and 88 and the use of the operational
amplifier 97 for increasing the apparent value
of filter capacitor 113.

In implementing the circuit of Fig. 5, the
resistors values and capacitor values which
appear in the following table have been used.
In additon to these components, the transis-
tors 86 and 137 were type 2N4125 while
transistor 85 was a type 2N4123.

20
RESISTORS (Ohms)
71 — 10K
72 — 100K
75 — 10K
25 76 — 33K
81 — 220
89 — 1K
90 — 680
91 — 680
30 95 — 470
100 — 220K
101 «— 27K
102 — 1K
105 — 100K
35 106 — 510K
110 — 390K
111 — 47K
114 — 680K
115 — 115K
40 122 — 100K
123 — 220K
124 — 150K
130 — 10K
135 — 120K
45 136 — 68K
CAPACITORS (Microfarads)
74 — 0.01
84 — 100
50 113 _— 2.2
121 — 0.01
131 — 0.01

55

60

65

It should be noted that in the implementation
of Fig. 5, the output of the photo-head is
derived from daylight only and not artificial
light which comes from the controiled luma-
naires. Thus, the control system is an open
loop control system such as that described in
Patent No. 4,236,101. It will also be noted
that in the circuit of Fig. 5, there is only a
single user accessible adjustment consisting of
the trim potentiometer 100.

In oder to calibrate the system, the calibra-
tion is performed under a given desired day-
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light level condition and the calibration poten-
tiometer 100 is adjusted until the LED indica-
tors show orange. In the adjustment, the
circuit will be set so that when there is too
little light, pin 14 of comparator 120 is high.
This places resistor 123 in approximately par-
allel circuit relationship with resistor 122. This
then sets a relatively high reference voltage at
pin 12 of comparator 120. When the light
level rises after the delay imposed by the filter
circuit so that the voltage at pin 13 exceeds
the voltage at pin 12, pin 14 of comparator
20 switches low. This places resistor 123
effectively in parallel with resistor 124 and
lowers the reference voltage at pin 12. Now
the light level must go lower than the level
which caused the operational amplifier 96 to
switch states before the new reference voltage
will be reached at pin 13 of operational
amplifier 120 and before the amplifier can
return to its original state.

Although the present invention has been
described in connection with preferred em-
bodiments thereof, many variations and modi-
fications will become apparent to those skilled
in the art. 1t is preferred, therefore, that the
present invention be limited not by the spe-
cific disclosure herein, but only by the ap-
pended claims.

CLAIMS

1. An excess light turn-off circuit for in-
terior spaces which are provided with both
natural and artificial lighting; said excess light
turn-off circuit including: a light level sensor
which produces an output signal related to the
light level which impinges thereon; an adap-
tive electrical filter circuit connected to the
output of said light level sensor, said filter
producing an output which changes in a pre-
‘determined manner to a new level when the
output of said light level sensor changes; a
comparator circuit having a first input con-
nected to the output of said filter circuit and
having a second input; a fixed reference vol-
tage circuit connected to said second input of
said comparator circuit; said comparator cir-
cuit having an output which switches from a
first level to a second level when the voltage
at its said first input reaches a first given
value relative to said fixed reference voltage
circuit at its said second input; the ratio of
said first given value and said fixed reference
voltage circuit having a value which changes
with the initial steady state input to said filter
circuit; and relay switching means connected
to control said artificial lighting in accordance
with available natural light in order to con-
serve energy; said comparator circuit output
connected to said relay switching means and
operating said relay switching means to turn
said artificial lighting on and off when said
comparator circuit output switches between its
said first and second levels.

2. The circuit of claim 1 which includes

©
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hysteresis circuit means connected to said
comparator circuit and to said reference vol-
tage circuit for changing said fixed reference
voltage circuit between first and second
values, depending on whether said compara-
tor circuit is at its first or second level, respec-
tively.

3. The circuit of claim 1, wherein said
adaptive filter is an R-C circuit.

4. The circuit of claim 2, wherein said
filter circuit is an R-C circuit.

5. The circuit of claim 1 which includes a
single user adjustment means for adjusting
the level at which said relay switching means
is operated; said single adjustment means
coupled between said light level sensor and
said filter circuit.

6. The circuit of claim 2 which includes a
single user adjustment means for adjusting
the level at which said relay switching means
is operated; said single adjustment means
coupled between said light level sensor and
said filter circuit.

7. The circuit of claim 5 which further
includes a second comparator circuit having
first and second inputs and an output which is
dependent upon the relationship of its said
first and second inputs; a second fixed refer-
ence voltage circuit and an adjustment indica-
tor; said single adjustment means and said
second fixed reference voltage circuit; said
output of said second comparator circuit con-
nected to said first and second inputs respec-
tively of said second comparator circuit con-
nected to said adjustment indicator whereby
said adjustment indicator indicates the output
level of said light level sensor relative to said
second reference voltage independently of de-
lays due to said adaptive filter.

8. The circuit of claim 7 which includes
hysteresis circuit means connected to said
comparator circuit and to said reference vol-
tage circuit for changing said fixed reference
voltage circuit between first and second
values, depending on whether said compara-
tor circuit output is at its first or second level,
respectively.

9. The circuit of claim 7, wherein said
adaptive filter circuit is an R-C circuit.

10. The circuit of claim 9, wherein said R-
C circuit has a first time constant when the
input voltage thereto is increased and has a
different time constant from said first time
constant when the input voltage thereto is
decreased.

11. An excess light turn-off circuit for
spaces which are provided with both natural
and artificial lighting; said excess light turn-off
circuit including: a light level sensor which
produces an output signal related to the light
level which impinges thereon; an adaptive
electrical filter circuit connected to the output
of said light level sensor and producing an
output which changes exponentially to a new
level when the output of said light level
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sensor changes; a comparator circuit having a
first input connected to the output of said
filter circuit and having a second input; a
fixed reference voltage circuit connected to
said second input of said comparator circuit;
said comparator circuit having an output
which switches from a first level to a second
level when the voltage at its said first input
reaches a first given value relative to said
fixed reference voltage circuit at its said sec-
ond input; the ratio of said first given value
and said fixed reference voltage circuit having
a value which changes with the initial steady
state input to said filter circuit; and relay
switching means connected to control said
artificial lighting in accordance with available
natural light in order to conserve energy; said
comparator circuit output connected to said
relay switching means and operating said re-
lay switching means to turn said artificial
lighting on and off when said comparator
circuit output switches between its first and
second values; and an adjustment means for
adjusting the level of the output of said light
sensor at which said relay switching means is
operated to a different condition; said adjust-
ment means being connected between said
light level sensor and said filter circuit.

12. The circuit of claim 11 which further
includes a second comparator circuit having
first and second inputs and an output which is
dependent upon the relationship of its said
first and second inputs; a second fixed refer-
ence voltage circuit and an adjustment indica-
tor; said adjustment means and said second
fixed reference voltage circuit connected to
said first and second inputs of second com-
parator circuit; said output of said second
comparator connected to said adjustment indi-
cator whereby said adjustment indicator indi-
cates the instantaneous output of said light
level sensor relative to said second reference
voltage independently of delays due to said
filter circuit. '

13. The circuit of claim 1 or 11, wherein
said light sensor is exposed only to natural
light which reaches said interior spaces.

14. The method of controlling interior
lighting within a controlled area in accordance
with the availability of natural light; said
method comprising the steps of monitoring at
least a component of the light within said area
and producing a first electrical output signal
which is proportional to the instantaneous
light level; applying said first output signal to
a filter circuit which has an output which
changes exponentially from a prior fixed level
to a new level within a time to which is
dependent on the initial output of said first

electrical output signal and wherein:
(Vi = V,)

tp,=T1n -
Voff - V2
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wherein T is the time constant of said delay
circuit, V, is the output voltage of said filter
circuit after the time T, V, is the output
voltage of said filter circuit before the time T
and before the input to said filter is changed
and V4 is the value of the output voltage at
which said interior lighting should be turned
off; comparing the output voitage of said filter
to a reference voltage, and turning said in-
terior lighting on or off in accordance with the
value of said output voltage relative to said
reference voltage.

15. The method of claim 14 which com-
prises the further step of adjusting a single
adjustment device connected at the input of
said filter to set the switching level of said
interior lighting.

16. The method of claim 15, wherein the
adjustment of said single adjustment device
varies said first output signal to produce a
change in said output voltage V,, and there-
after comparing said changed output voltage
V,. unmodified by said filter circuit, to a
second fixed reference voltage, and producing
an output signal to indicate that said changed
output voltage V, is set at a given value
relative to said second fixed reference voltage.

17. An excess light turn-off circuit sub-

- stantially as herein described with reference

30

35

to, and as shown in, the accompanying draw-
ings.

18. A method of controlling interior light-
ing within a controlled area substantially as
herein described with reference to, and as
shown in, the accompanying drawings.
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