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@ Radiation pattern change detection.

6) This invention relates to the detection of a change in a
pattern of radiation and is concerned especially with the detection
of such a change as a result of the movement of an object and/or
its shadow and/or an image of an object, such as, for example, a
television picture thereof. The term «radiation» is used to include
ultra-violet radiation, visible light and infrared radiation.

In more detail there is provided an apparatus for detecting a
change in a pattern of radiation incident on the apparatus,
comprising lens means, a first sensing means sensitive to said

N incident radiation and adapted to give a first outpout signal
< characteristic of said pattern and a second such sensing means,
adapted to give a cecond such output signal, said sensing means
0 having different configurations and/or orientations of radiation-
sensitive areas and said lens means together with said sensing
N means constituting an optical system, are arranged for incidence
Q' on said sensing means through said lens means of said radiation,
and connected to comparator means in such a way that the latter
receives said output signals, the arrangement being such that
any change in said pattern of radiation causes a first consequent
s change in said first output signal and a second consequent
change being different from said first consequent change by
virtue of said different configurations and/or orientations of radi-
ation-sensitive areas, and said comparator means being ar-
n. ranged to supply a signal which is a function of the said differing
output signals and hence indicative of a change in said pattern of
radiation.
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RADIATION PATTERN CHANGE DETECTION

This invention relates to the detection of a change in a
pattern of radiation and is concerned especially, théugh
not exclusively, with the detection of such a change as
a result of the movement of an object and/or of its
shadow and/or of an image of an object, such as, for
example, a television picture thereof. The term "radia-
tion" throughout this specification is to be taken to

include ultra-violet radiation, visible light and infra-

red radiation.

In one of its applications, the invention has for its
aim the provision of an improved apparatus and method
for the security, in the sense of protection from theft
or improper handling, of works of art in géneral and
pictures in particular. In this connection, insurers of
high value works of aft do not favour having any devices
in direct contact with a picture or, for that matter, its
frame or mounting. In addition, when such a picture is
displayed in a public gallery or museum or in the private
premises of its owner, it is generally desired that
nothing overt in the way of apparatus should detract

from appreciation of the picture.

An obvious and frequently qsed method of protection as
aforesaid is to use "space" or "volume" detectors capable
of indicating the intrusion of an object or person into a
defined area, a signal being obtained by noting a change
from steady state conditions such as, fgr example; the

“.';_ M
movement of the intruding object.
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This is most commonly achieved by irradiating the area
under surveillance with either centimeter or millimeter
wave energy or with ultrasonic acoustic energy and
detecting standing wave or Doppler effects caused by a
moving object. There are obvious difficulties in
connection with the above. For example, electro-magnetic
radiation cannot be readily constrained to a precise

area due to restraints in aerial design and reflections
from stationary objects and a tendency to "leak" through
windows can lead to alarm signals from moving objects
outside the area under surveillance, In the case of the
acoustic approach there are difficulties in restricting
the area under surveillance and false alarm conditions
can be Set up due to air movements such as draughts and
thermal disturbances caused by central heating and
ventilation, as well as by man made ultrasonic noise such
as leaking compressed air or motor or engine noise, Both
radio and acoustic devices have to be positioned carefully
and frequencies have to be selected to avoid mutual inter-
ference between neighbouring equipment. In the case of
radio detector equipment, at least in the United Kingdom,

special licence clearance is needed.

Other methods of deteétion make use of infra-red radia-

tion as one or more beams interrupted or modified in

intensity by a moving object. Alternatively, in a
passive system the thermal radiation from a human or
animal body is detected. There are difficulties

associated with the techniques hereinbefore outlined due
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to the reflectivity or the absorptivity of clothing in
the infra-red region and variations in ambient tempera- -

ture, the latter being of most significance when detect-

ing very small signals due to body radiation,

Many ingenious techniques have been developed to minimise
these various problems but they all have drawbacks and

tend to increase the complexity and cost of the apparatus

involved.

The present invention provides a technique of space or
volume surveillance using optical méthods depending on

the illumination of a scene with, for example, visible

Aand/or near infra-red radiation be this daylight or

radiation from an artificial light.source, using inex-
pensive optical components and being capable of over-

coming many of the difficulties referred to above,

According to the invention, there is provided apparatus
for detecting a change in a pattern of radiation inci-
dent on the.apparatus, wherein lens means, a first sens- .
ing means sensitive to said incident radiation and
adapted to give a first output signal characteristic of
said pattern, and a second such sensing means, adapted
to give a second such output signal, said sensing means
having different configurations and/or orientations of
radiation-sensitive areas and said lens means together
with said sensing means constituting an optical system,
are arranged for incidence on said sensing means £hrough

said lens means of said radiation, and connected to
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comparator means in such a way that the latter receives
said output signals, the arrangement being such that any
change in said pattern of radiation causes a first
consequent change in said first output signal and a
second consequent change in said second output signal,
said second consequent change being different from said
first consequent change by virtue of said different
configurations and/or orientations of radiation-sensitive
areas, and said comparator means being arranged to supply
a signal which is a function of the said differing out-
put signals and hence indicative of a change in said

pattern of radiation.

The said sensing means may each comprise a combination
of a radiation sensitive cell and a mask, the mask being
interposed between the source of radiation and the cell
and including alternate areas opaque to and transparent

to the radiation.

Alternatively, each sensing means may be a radiation

sensitive cell having at least one radiation sensitive

area formed in a pre-determined pattermn.

The apparatus can be arranged to survey a specified area
and to operate at short or long range as determined by the
configuration of the optical system employed. Large
optical apertures can berused so as to achieve a low
light capability without the performance of the apparatus
being seriously affected by the consequent restriction in

the depth of field.

The apparatus can operate with substantially constant
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sensitivity from a very high illumination level down to

a low and eventually a minimum level, and may be adapted

to initiate an alarm at such a minimum illumination level,

In one embodiment of the invention, no focusing of the
optical system is needed in, for example, a range of 2
metres to 100 metres, This embodiment at a high sensi-
tivity setting can detect a walking child at a distance

of 100 metres.

By choice of optical system parameters the ability to
detect a very small object and/or a very rapidly moving
object can be so reduced as to lessen the possibility

of a false alarm,

The apparatus is substantially unaffected by air move-
ments, by ambient temperature changes or by slow changes
in ambient illumination. The apparatus responds equally
well to light reflected from a moving object or to a
"silhouette" of such an object. This means that shadows

passing over a scene are detecting as moving objects.

The nature of the iluumination is not critical. The use
of incandescent, gas discharge or flourescent lighting
operating on normal alternating current supply (50Hz) or
direct current supply is satisfactory and movement
detection in a scene reproduced on a television screen
or screens is possible in spite of the nature of the

scanning process.

The minimum speed of movement of an object to be detected
can be set at such a low value that it becomes effect-

ively impracticable to introduce or td remove an object
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from the field of view of the apparatus without detection.
Further, the absence of lateral or vertical movement of
an object will not avoid detection as movement towards

or away from the apparatus will also yield a movement

signal,

Successful tampering with the apparatus becomes extremely
difficult because the movement of the apparatus is
equivalent to movement of the complete scene and would
cause an alarm to be initiated. The low power consump-
tien of the apparatus permits the use of self contained
batteries, thus avoiding any external connections. The

alarm signal may, for example, be given either by a
light signal or acoustically or both. The output sig-
nal from the-comparator means produced by moveméntr
observed by the apparatus may be used or processed in
accordance with any of the established techniques well

known to those skilled in the art.

A method of detecting a change in a pattern of radiation
emanating, for example, from an article such as a work of
art or from a scene under surveillance comprises causing
the said radiation to form or to be so refracted that in
the absence of obstruction or of further refraction it
would form two essentially identical but spatially
displaced images, causing predetermined zones of the
radiation which forms or which would form one of the
images to impinge on the radiation sensitive member of a
first radiation sensitive device and predetermined but

different zones of the radiation which forms or which

would form the other image to impinge on the radiation
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the sizes and disposifions of the said zones being such
that when the article or scene under surveillance and
hence the pattern of radiation emanating therefrom is
undisturbed, the output signals from each of the radia-
tion sensitive devices remain in a predetermined
relationship with each other, but that when there is any
change in the pattern of radiation forming the images,
the resulting change or changes in the pattern of radia-
tion incident on each of the said radiation sensitive
devices will be different for each of the said devices
and will cause one or more changes in the relationship

between the output signals from them.

The resulting change or changes may be used to activate

an indicating device or an alarm,

The radiation-sensitive devices may be light-sensitive
cells, such as cadmium sulphide cells and preferably,

the signalroutputs from each of the radiation-sensitive
devices are substantially equal when an article or scene,

for example, under surveillance is undisturbed.

One form of apparatus embodying the invention and modifi-
cations thereof will now be described, by way of example
only, with reference to the accompanying diagrammatic
drawings in which:-

Figure 1 is a perspective view of the basic optical
integers of the apparatus;

Figure 2 shows an electrical bridge circuit employed in

the apparatus;
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Figure 3 shows masks in the form of so-called "bar
gratings" forming part of the sensing means of the
apparatus, and the effect on the output signals from
said sensing means and from the comparator means by‘a
moving object detected by the apparatus;

Figure 4 shows a simplified practical electrical circuit
of the apparatus;

Figure 5 shows the optical system of a modified form of
the apparatus and

Figure 6 is a fragmentary perspective view of yet
another modification of the optical system of the

apparatus.

Referring firstly to Figures 1 to 3, fhe apparatus
comprises twin optical systems in close juxtaposition,
each consisting of lens means 1 arranged to produce an
image of the scene under surveillance in an image pléne
2, The images so produced will have the same information
content and will be of the same brightness. Light
péssing through the image plane is gathered by means of
a lens system 3 and the emerging light falls upon first
and second devices #4a, 4b, the said devices being sensi-
tive to the light. The devices 4a, 4b are opto-electro-
nic transducers, such as light dependent resistors, for
example, cadium sulphide cells, The optical arrangement
is preferably one which gives no movement of the illum-

ination on the cells when movement takes place in the

scene and consequently at the image plane,.

The resistance of each device 4a, 4b gives a measure of

the mean brightness of its related optical image.
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If the two devices 4a, 4b are of equal sensitivity and
are connected in an electrical bridge circuit such as
that shown in Figure 2, the potential difference between
output terminals 5 and 6 of the bridge circuit will
remain zero at all times when the average illumination

of each device is equal. Under these circumstances no
potential difference will appear if there is a brightness

change of the original scene.

Let us mow assume, that in the absence of the "bar-
gratings" hereinbefore mentioned (Figure 3) the scene
being viewed is a plain white background and that a black
rectangulgr object enters the viewed area from one side,
traversing the area and leaving from the other side, The
average brightness of both images of the scene will
change, will become progessively less until the black
rectangle is fully within the viewed area, will remain
constant at this value until the’black rectangle leaves
the scene whereupon an increase in brightness to the

original value will take place,

Provided the characteristics of the two eptical systems
and their transducers are precisely matched, there will

have been no electrical signal at the bridge terminals

5’6-

In the image plane 2 there are "bar gratings" 8a, 8b
having equal bar and slot widths, as shown in Figure 3.
However, the longitudinal axes of the bars of one of the

two optical systems is at an angle of, ééy,'90 degrees to
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the longitudinal axes of the bars of the other optical
system. Thus the devices 4a 4b together with their
associated bar gratings 8a 8b define respectively a
first and a second sensing means having different
configurations of radiation-sensitive areas. For the
unobstructed white scene, the mean value of optical flux

reaching each of the devices 4a 4b is reduced by 50%.

The introduction of a black rectangle 7 as aforesaid now
produces an entirely different result. At first there
will be a progressive reduction in light falling on both
of the devices %4a 4b but this reduction will not proceed
at the same rate for both sensing means, aﬁd when the
rectangle 7 is fully within the image area, the light on
one device 4a (i.e. the one associated with the bar
gfating Sg) will remain constant at a reduced brightness
(as shown by curve g) whereas the light on the other
device 4b will alternate in strength by virtue of the
associated bar grating 8b as shown by curve b, the
frequency of the alterations being governed by the
dimensions of the grating in relation to the size of the
image of the rectangle 7 and its rate of movement across

the grating.

As the electrical output signals of the devices 4a, 4b
are "bridged" and are in effect in opposition, the out-
put from the bridge circuit will represent the difference
of the output signals from the devices, This is illus-
trated by curve g; In'thedry there will be a generally

diagonal path of movement of the rectangle image 7 in

relation to the bar gratings 8a, SE, which will yield
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a zero output from the bridge circuit. 1In fact, this is
extremely unlikely to happen because regular geometrié
shapes and the uniform illumination of the field under
surveillance rarely occur in practice. Further, the fact
that the shadow of an object generally fails to follow a
path identical to that of the object itself would introduce

a furtherrcomplication.

The bars of the gratings 8a, 8b need not be straight and
the slots need not be of uniform width along their lengths,

provided that the obscuration is the same for both-of the

sensing means.

The output signals from the bridge circuit or other suit-
able comparator means may be amplified by low frequency
alternating current amplifiers, and processed in any of the

ways well understood by those skilled in the art.

There is, however, a further aspect of the invention that
suggests that the initial stages;of electrical amplifi-
cation should preferably include, or perform as, a

"low pass'" filter such that freduency components above a
chosen frequency shall not be appreciably amplified. A
typical cholice for the cut-off frequency is for example

about 15Hz to 20Hz thus permitting the use of light
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sources operating from an alternating current supply,
which, in consequence, have some brightness modulation.
This modulation will normally be at twice the supply
frequency but may have components at the fundamental

frequency.

Further, such low pass filtering can be arranged to permit

the apparatus to be used for viewing a television raster
or rasters without disturbance from frame flicker fre-

quencies.

In practice it can be shown that sharp focus and image
perfection is not required in the apparatus described,
provided the two sensing means and the associated optical
systemé are substantially identical, and it has been found
posgible to employ moulded components in the form of

large aperture plastic aspheric lenses. Objects may lie
at widely differing distances from the apparatus without

detriment to its operation.

The use of such moulded optical components offers the
possibility of constructing the complete optical assembly
as a single moulding comprising lenses, masks and cell
mounting, thus improving rigidity and reducing manufac-

turing and assembly costs.
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Further, the devices 4a, 4b, typically cadmium sulphide
cells, although other types can of course be employed,
could with advantage be manufactured as a single, three-
electrode device having two radiation sensitive areas which
could be made to have closely matching characteristics.

Yet again, in a somewhat simplified form of apparatus, the
radiation sensitive devices may be made with the radiation
sensitive areas in the form of strips separated by non-
sensitive areas, thus eliminating the need for separate
gratings 8a, 8b and the associated lemses 3. Such glform

of apparatus is illustrated in Figure 6.

Experience shows that exact alignment of the two optical

paths is unnecessary.

A further form of optical system is shown in Figure 5. Im
this system a single imaging lens 1 is employed in con-
junction with one of the various forms of "beam splitter"
9 such that two separate and identical images are formed
and these are then used in the same manner as for the
apparatus described with reference to Figures 1 to 3. A
disadvantage of this system is that there 1s a reduction
of about 50% in the intensity of the light or other
radiation incident on each of the devices 4a;and 4b.

Further, the cost is higher due to the use of the beam



10

15

20

T 0107425

splitter 9. The use of such an arrangement may, however,
be justified when it is desired to view a scene with a
more specialized and expensive optical system, such as for

example a long range telephoto lems.

The simplified diagram of the electrical circuit (Figure 4)
of the apparatus shows not only the devices 4a, 4b, the
bridge circuit of Figure 2, the aforesaid low pass filter,
an amplifier and a signal rectifier (all of conventional
design and well understood by those skilled in the art),
said rectifier yielding a positive going voltage when
movement occursrin the scene under surveillance, but also
a single comparator amplifier stage arranged to produce an
alarm signal when the mean illumination on the devices

La, 4b falls below an operationally acceptable minimum.
The two devices 4a, 4b connected in series will draw
current through a resistor 10, dependent on the incident
illumination and the lower the illumination the higher

the total resistance of the devices and, consequently

the lower the current flowing through the resistor 10.
This results in a rising voltage across the devices with
decreasing illumination and the comparator stage relates

this voltage to a pre-set reference voltage. The increas-

ing voltage across the devices, on passing a critical
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reference value, will cause the comparator to change its
output voltage and this signal can be used to trigger an
alarm circuit. To render the comparator iﬁsensitive to
momentary fluctuations of brightness, a capacitor 11 is
added to the circuit providing a resistance capacity time

constant RC of suitably chosen magnitude.

It will be appreciated that, although the invention has
been particularly described with reference to an optical
system suitable for the protection of works of art from
theft and improper handling,rthe scope of the invention

and its field of application are both very muéh bréader.
Thus, the radiation incident on the apparatus may be at a
wavelength other than that of light, e.g. of infra-red

or ultraviolet, and the change in the patterm of radiation
need not necessarily be caused by the movement of an object
but may, as previously indicated, be due to the movement

of, or some other change in, an image of such an object.

Among the possible applications of apparatus according to
the invention are those in which, a "warning'or "count"
signal is required in the event of a change in a scene
under surveillance, whilst others require a signal which
represents an "alarm" condition with the necessary low

incident of false alarms. The following are some of
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these applications:

1.

10.

11.

Protection of individual works of art or

exhibits.

Guarding access to strong rooms, strong room

doors, safe deposits and safes.
General space protection.

Surveillance of security TV screens to warm of

scene changes.

. Watch over sleeping or unconscious patients in

medical care.
"Baby" alarm.

Surveillance of entries and vehicle areas of car
parks, particularly underground or multistoréy

car parks.

Remote surveillance of hqstage conditions.
Remote counting of persons.

Remote counting of vehicles.

Remote counting of components etc. as in produc

tion lines.
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Warning of failure of moving apparatus particu-
larly where conditions are dirty or hazardous,
as in chemical plants and nuclear installations.
For an application of this type the apparatus of
the invention would be used in such a way that an
output would be produced when movement ceases
rather than when movement is detected. This
could be done by causing the signal due to move-
ment to hold open a normally closed switch in an
alarm circuit. Cessation of movement would then
remove the signal from the. switch and thus allow

it to close so that the alarm would be sounded.
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CLAIMS:

1. Apparatus for detecting a change in a pattern of
radiation incident on the apparatus, comprising lens
means, a first sensing means sensitive to said incident
radiation and adapted to give a first output signal
characteristic of said pattern, and a second such
sensing means, adapted to give a second such output
signal, said sensing means having different configura-
tions and/or orientations of radiation-sensitive areas
and said lens means together with said sensing means
constituting an optical system, are arranged for incid-
ence on said sensing means through said lens means of
said radiation, and connected to comparator means in such
a way that the latter receives said output signals,

the arrangement being such that any change in said
pattern of radiation éauses a first conséquent change
by virtue of said different configurations and/or
orientations of radiation-sensitive areas, and said
comparator means being arranged to supply a signal which
is a function of the said differing output signals and
hence indicative of a change in said pattern of
radiation.

2. Apparatus according to claim 1 wherein each
sensing means comprises a combination of a radiation
sensitive cell and a mask with the mask interposed
between the source of radiation and the cell and
including alternate areas which are opaque to and
transparent to the radiation.

3. Apparatus according to claim 1 wherein each sens-
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ing means is a radiation sensitive cell having at least
one sensitive area formed in a predetermined pattern.
L, Apparatus according to any preceding claim includ-
ing an alarm or indicating device operable upon receipt
of the output signal from the comparator.

5. Apparatus according to claim 3 or claim 4 wherein
the radiation sensitive cell is light sensitive and
wherein the signal outputs from each said cell are
substantially equal in a normal undisturbed state.

6. A method of detecting a change in a pattern of
radiation emanating from a subject under surveillance
comprises causing the said radiation to form or to be
so refracted that in the absence of obstruction or of
further refraction it would form two essentially
identical but spatially displaced images, causing
predetermined zones of the radiation which forms or
which would form one of the images to impinge on the
radiation sensitive member of a first radiation sens-
itive device and predetermined but different zones of
the radiation which forms or which would form the other
image to impinge on the radiation sensitive member of

a second radiation sensitive device, the sizes and
dispositions ofthe said zones being such that when the
article or scene under surveillance and hence the
pattern of radiation emanating therefrom is undisturbed,

the output signals from each of the radiation sensitive

devices remain in a predetermined relationship with

each other, but that when there is any change in the

pattern of radiation forming the images, the resulting
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change or changes in the pattern of radiation incident
on each of the said radiation sensitive devices will

be different for each of the said devices and will cause
one or more changes in the relationship between the
ocutput signals from them.

7. A method according to claim 6 wherein the result-
ing change or changes is used to activate an alarm or

indicating device.
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