Lens Arrangenent The present invention relates to

optical lenses and in particular to | enses for canera
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the field of covert surveillance caneras in which very

smal I "pinhole" canera | enses are used. Pinhole |enses
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allowing the lens to be effectively hidden fromview
Pi nhol e canmeras are L?lﬁil‘élémgjmlﬁéhceal ed behind a wal |
or other barrier and a small hole, referred to as a
pinhole, is nade in the barrier to enable a scene to
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Furthernore in known | ens arrangenents the position of

t he physical stop is critical to ' o
The present invention overcomes these difficulties with the prior art by providing a
lens arrangement which does not require a conventional physical stop to limit the
pencil of rays passing through the lenses. This is achieved by producing a lens
arrangement that is specially adapted to look through pinholes such that the pinhole
itself acts to limit the pencil of rays that can pass into the lenses thereby removing the
need for a conventional physical stop. In doing so the invention overcomes a strong

technical prejudice in the art which dictates that a conventional physical stop must be

used in order to obtain satisfactory results.

Furthermore in known lens arrangements the position of the physical stop is critical to
the image quality achieved. Any movement of the physical stop leads to severe optical
aberrations and image degradation. For this reason known systems use a physical stop

that is integral to the lens arrangement so that its optical position remains fixed. The
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the image quality achieved. Any novenent of the
physi cal stop | eads to severe optical aberrations and
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limting the amount of Tight that can e
system Advantageously, the |ens arrangenent provided

% e ddVEntRd P gyeple'c@ Y re]:%ft %ﬂpﬁmsylocated behind the eyepiece lenses to
define the amount of light that may exit the system. In the present invention however
the eyepiece lenses are reversed such that the original exit pupil is located in front of

the lenses, acting as an entrance pupil and limiting the amount of light that can enter

the system.

Advantageously, the lens arrangement provided by the present invention may

therefore be used in a surveillance camera.

When viewing a subject through a hole using a conventional lens, the main problem is
that if the hole is significantly smaller than the lens, the image produced by the lens is

severely vignetted. Furthermore, if it is necessary to set the lens arrangement back



therefore be used in a surveillance canera. Wen
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by the physical lens stop, to form an exit pupil in the image space a certain distance
behind the telescope. This distance is known as eye relief. The eye is then placed at
the exit pupil in order to view the subject. Only light rays which pass through this exit

pupil are able to exit the system.

By reversing this eyepiece lens apparatus, the exit pupil becomes a kind of “virtual”
aperture which is projected forward of the eyepiece lens apparatus into object space
by the “eye relief” distance. This virtual aperture therefore defines the amount of light
that can enter the eyepiece lens apparatus. The present invention utilises a lens
arrangement of this type for looking through a pinhole in a barrier by ensuring that the
“eye relief” distance equates roughly to the distance between the lens arrangement

and the end of the pinhole that is closest to the subject being viewed (the stand off
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Erfle eyepi ece woul d be nore appropri ate.
arrangement, however when wider fields of view are required a Kellner or Erfle

eyepiece would be more appropriate.

It will be further recognised that the eyepiece lens apparatuses used in the prior art
have not been designed to stand alone and therefore are designed with aberrations to
compensate for the aberrations introduced by objective lens of the telescope. Since the
present invention does not use a traditional objective lens such compensation is not

necessary so an eyepiece lens apparatus would need to be modified before use in the

invention.

By way of illustration and without limitation to the generality of the invention, a
number of possible approaches to the production of a lens arrangement according to

the invention will now be described. In the following descriptions the “first end” of
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A lens arrangement according to this embodiment of the invention is shown in figure
2.

A wider field of view of up to approximately 25 degrees may also be achieved by
using a lens arrangement comprising only two optical elements. In this embodiment
the lens arrangement may advantageously comprise one positively shaped lens, such
as a biconvex lens, at the first end of the lens arrangement, followed by one thick
meniscus lens at the second end. The meniscus lens acts as a field flattener, providing
a flatter image plane at the image capturing means and therefore improving image

quality. The meniscus lens also helps to correct any asti gmatism,
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this enbodi ment the | ens arg angenent may
advant ageously conpri se one positively shaped |ens,
such as a biconvex lens, at the first end of the lens
arrangenent, followed by one thick neniscus | ens at
the second end. The neniscus lens acts as a field
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14mm and woul d therefore operate at around F/ 14. A
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the I'ens arrangenment. This may be considered as an .
loeated betivean e A prgfared gmbedinggat of this configuration would comprise
a single biconvex lens at the first end of the lens arrangement, followed by a single
biconcave lens, and then a single positively shaped meniscus lens at the second end of
the lens arrangement. This may be considered as an evolution of a reversed Kellner
eyepiece, but again it deviates from the classic form of the Kellner as the usual
doublet has been split into two singlets. This allows correction of field curvature
problems using the steeper concave surface of the central negative lens to balance the

field, and use of the combination of this element and the last positive lens also acts to

correct astigmatism.

Such a lens arrangement may usefully be designed to operate at an optimum stand off
distance of approximately 2.5mm, behind a pinhole of approximately 1mm diameter;
and in a preferred embodiment the lens arrangement would be approximately Smm

long, have an effective focal length of approximately 8.5mm, and would therefore

operate at around F/8.5.



eyepi ece, but again it deviates fromthe classic form
of the Kellner as the usual doubl et has been split
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Such a lens arrangement may usefully be designed to operate at an optimum stand off
distance of approximately 3mm, behind a pinhole of approximately 1mm diameter;
and in a preferred embodiment the lens arrangement would be approximately 9.5mm
long, have an effective focal length of approximately 6.5mm, and would therefore

operate at around F/6.5.

A lens arrangement according to this embodiment of the invention is shown in figure
5.

A field of view of up to approximately 65 degrees may also be achieved by using a
lens arrangement comprising a cemented doublet lens at the first end of the lens
arrangement followed by a positively shaped single lens element, such as a strong
biconvex lens, and a cemented triplet lens at the second end of the lens arrangement.

This arrangement could be said to have evolved from a reversed Erfle type eyepiece
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6.1t will be appreciated that many other configurations
of | ens arrangenments according

It will be appreciated that many other configurations of lens arrangements according
to the invention are possible and that many different fields of view may be achieved.
The only element of the known eyepieces that must be retained in order to work the

invention is the production of the virtual stop in front of the lens arrangement.

In fact, due to the production of a virtual stop in front of the lens arrangement, the
present invention is even able to produce usable images without using the pinhole as a

physical lens stop. This means that images can be obtained with no physical lens stop

whatsoever.

If the physical stop were removed from a conventional lens arrangement, light would
enter the lens from all directions resulting in too much light being transmitted to the
image capturing means, for example the sensor or film. The image capturing means
would then be unable to cope with the dynamic range of the light leading to poor

image resolution. However, the present invention overcomes this as the pencil of rays



to the invention are possible and that many different
fields of view may be achi eved. The only el enent of
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ab%%g,t &% nventional lens arrangement can only obtain good quality images when
looking through a pinhole if that pinhole is itself perfectly circular with smooth edges
and then only if the barrier through which the hole is made is thin. If these atiributes

are not adequately controlled, the resultant images will be severely degraded.

Furthermore, although the use of a pinhole in a physical barrier offers a physical stop
with the potential to improve image quality, because the barrier is not connected to the
lens in any way its use with a conventional lens arrangement would be highly
dependent on accurate placement of the lens. Therefore in known systems the stand
off distance of the lens arrangement must be carefully controlled to minimise the
optical aberrations caused by the lens or lenses. In these systems image quality is
dramatically reduced even by relatively small changes in the stand off distance,

therefore if the lenses are installed incorrectly, large levels of aberrations result,

rendering the resultant images unusable.
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mbeshient of tHellenselubiee taihd piihote thhis increasing the chances of obtaining
useful images. This is because the increase in the diameter of the lenses leads to an
increase in the optimum stand off distance of the lens arrangement, thereby reducing

the percentage errors caused by a given error in installation of the device.

When the lens is at its nearest to the pinhole, the increased area of lens is not used and
has no effect on the image obtained. The decrease in curvature does however result in
less refraction of the incident light therefore a series of lenses in combination may be
needed to achieve the desired focus. Alternatively a material of higher refractive index

may be used.

The overdesign of the lenses may also be characterised as producing a lens

arrangement such that the virtual aperture that is projected forwards by the lens



the resulting optical aberrations. The invention acts
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const
or down to suit a different diameter of pinhole. It is preferred that the pinhole will be

less than 2mm in diameter, but the invention may be applied to larger holes. An
example of a use for this embodiment of the invention would be a surveillance camera

surreptitiously placed behind a pinhole in a wall.

A specific embodiment of the invention in which the lens arrangement is used in a
pinhole camera placed behind a pinhole in a barrier, will now be described with

reference to the following drawings.

Figure 1 shows a known surveillance camera (1) hidden behind a pinhole (2) in a

barrier (3) such that the physical stop (4) protrudes into the pinhole.



Advant ageously the diameter of the virtual aperture
may be overdesigned to be in the range of 1 to 5 tines
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present 1nvention optimsed for a field of view of 40

badkégr ees and | ocated behind a pinhole in a barrier.
Figure 5 shows an enbodi nent of the | ens arrangenent
according to the present invention optimsed for a
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pinhole in a

invention optimised for a field of view of 65 degrees and located behind a pinhole in a

barrier.

It will be understood that the following is simply an example of a particular

embodiment of the invention and should not be taken as limiting its scope in any way.

Referring to Figure 5, lens arrangement according to the invention (1) is placed a
stand off distance (S) behind a pinhole (2) of approximately 1mm diameter drilled in a
wall (3), enabling an image of a target subject (4) to be captured. An incident ray (5)
is shown passing through the lens arrangement (1) and being focused on an optical
sensor (6). The lens arrangement (1) is optimised to project a virtual aperture forward
into object space, by a distance that equates to the stand off distance (S), thus limiting

the pencil of rays entering the device and reducing the vignetting caused by the
pinhole (2).



barrier. Figure 6 shows an enbodi mrent of the |ens

arrangenent according to the present invention
wopiosiosded for a field of view of 65 degrees aPdI/GB2007/003617

| ocat ed behind a pinhole ima barrier. It wll be

understood that the following is sinply an exanpl e of

a particular enbodi nent of the invention and shoul d

not be taken as limting its scope in any way.
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Tests have shown that a device according to this embodiment of the invention has an
image distortion of only 10% and gives a resolution of approximately 0.61 MTF at

80c¢/mm.

At the focal plane of the lenses an optical sensor (6) (in this case a 1/3 inch CCD) is
placed enabling a still or moving image to be recorded. These images may either be
recorded locally or transmitted in any known way to a remote receiving station,

located for example, in a vehicle parked outside a building under surveillance.

In order to further reduce the likelihood of a surveillance camera being detected the
lens arrangement may further comprise a physical shutter which can be deployed

when the camera is not in use to block the device from view. This shuiter system may
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1. Alens arrangenent, suitable for |ooking through

pi nhol es conprising a convergi ng eyepi ece type |ens
w@panailos used without a conventional objectiRET/GBA®T/003617

and arranged such that theldens arrangenent projects a

"virtual" aperture to a point in object space beyond a

first end of the | ens arrangenent, said first end

being the end of the |lens arrangenent closest to the

subj ect being viewed, such that the virtual aperture
Claisrits the pencil of rays passing into the |ens

arrangenent, wherein the | ens arrangenent contains no

i ntegral physical |lens stop. 2. A lens arrangenent as
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type | ens apparatus conprises a negatively shaped

ment@Bus | ens el ement located at a first end of the

| ens arrangenent, said first end being the end of the

| ens arrangenment closest to the object being viewed,
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capturing neans.6. A lens arrangenent as clained in

claim1l wherein the eyepiece type | ens apparatus
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apparatus comprises a positively shaped lens element followed by a meniscus

shaped lens element.

4. A lens arrangement as claimed in claim 1 wherein the eyepiece type lens
apparatus comprises two positively shaped lens elements with a negatively

shaped lens element located between them.

5. A lens arrangement as claimed in claim 1 wherein the eyepiece type lens
apparatus comprises a negatively shaped meniscus lens element located at a
first end of the lens arrangement, said first end being the end of the lens
arrangement closest to the object being viewed, followed by a cemented
doublet lens element, and a positively shaped meniscus lens element located at
a second end of the lens arrangement, said second end being the end of the

lens arrangement nearest an image capturing means.



of the lens arrangenent, said first end being the end
of the | ens arrangenent closest to the object being
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cenented triplet lens |ocatléed at the second end of the
| ens arrangenent, said second end being the end of the
| ens arrangenent nearest an inmage capturing neans. 7.
A |l ens arrangenent accordi ng any of the preceding
claims wherein the | ens arrangenent is overdesi gned
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bei mgeandoked t hrough. 10. A l-ens arrangenent accordi ng
to any of the preceding clains wherein the optinmm
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it is.not in use.12. A lens arrangenent according to
anypé‘?h %e preceding clains wherein the |ens
arrangenent is optimsed to provide a particular field

of viewin the range of 1 to 90 degrees.
8. A lens arrangement according to claim 7 wherein the diameter of the virtual

aperture is in the range of 1 to 5 times the size of the diameter of the pinhole
being looked through.

9. A lens arrangement according to claim 7 wherein the diameter of the virtual

aperture is approximately 1.5 times the diameter of the pinhole being looked
through.

10. A lens arrangement according to any of the preceding claims wherein the
optimum stand off distance of the lens arrangement is designed to be as large
as possible so that the percentage errors caused by inaccurate placement of the

lens arrangement will be relatively small.

11. A lens arrangement according to any of the preceding claims wherein the lens

arrangement incorporates a physical shutter to block the lens arrangement

from view when it is not in use.



13. A nethod of obtaining images covertly, conprising

use of the |lens arrangenent of any preceding claim
wok@s/0bseat ed behind a pinhole in a barrier suptiT/GBai07/003617

the barrier acts as a physigal |ens stop. 14. A nethod

as claimed in claim 13 wherein the di stance between

the Il ens arrangenent and the pinhole is in the range

of 0.5mMmto 10nm 15. A pinhole canera for use in

surveillance incorporating the | ens arrangenent

i R ARAs b afdtn At adtbRiiABtolankydf e préfedidy HBRSE wherein the lens

arrangenment substantiallTy as described herein with
r ef @r@ngemens is ¢pingisesblopraeNiie g partigwian§eld of viewninrthe hange of 1

of i N] i mages covertly substantially as
desggibgélaé%gsrei n.

13. A method of obtaining images covertly, comprising use of the lens
arrangement of any preceding claim when located behind a pinhole in a barrier

such that the barrier acts as a physical lens stop.

14. A method as claimed in claim 13 wherein the distance between the lens

arrangement and the pinhole is in the range of 0.5mm to 10mm.

15. A pinhole camera for use in surveillance incorporating the lens arrangement

claimed in any of claims 1 to 12.

16. A lens arrangement substantially as described herein with reference to the

accompanying drawings.

17. A method of obtaining images covertly substantially as described herein.



