WO 2008/ 035107PCT/ GB2007/ 003617 1 Lens. Arrangenent The present
invention relates to optical lenses and in particular to |l enses for

camera Sysiemses/be@7i nvention is of use nost especi al | ypdmcihedoselzd
of covert surveillance canmeras in whilch very small "pinhole" canera

| enses are used. Pinhole |enses are useful because of their small
size; a typical lens may have a diameter of only a few mllinetres,
allowing the lens to be effectively hidden fromview. Pinhole caneras
are typically conceal ed behind a wall or other bather and a small
hole, referred to as a pinhol e, 1§18 Avp@gementt he barrier to enable a
scene to be viewed and nonitored in secret. In this specification a
pi nhole is defined as a hole having a dianeter of 2nmor |less. A.
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or the hucsarerssyia whidh vesy phah¢ithol@ramas 1descst bed, above the physi cal
stop often has to protrude into the hole in the wall to provide
acceptabl e image quality and reduce vignetting, significantly
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physical stop must also be precisely controlled in order to obtain useful images.

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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WD 2008/ 035107PCT/ GB2007/ 003617 2 present .invention provides a |ens
arrangenment that is relatively insensitive to the position of the

physi cal sivoognablorng the pinhole itself to performt hafgpnblsnsof
t he physical stop with no recognisabl e2l oss of imge quality. The

invention therefore represents a consi derabl e departure from known
practices and involves a reduction in the conplexity and costs
associated with the |l ens system The absence of a conventi onal
physi cal stop neans that the canera and | ens arrangenent can be
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conpri si ng ik @AplEE 208 costERkEGRed WHE e80T s¢RAr at us used without a
conventional objective | ens and arranged such that the |ens

arrangenent projects a "virtual" aperture to a point in object space
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may exit the s ?t_em I%Pthe_ preseﬂt invq% tion. hogwever_ the eyepiece

| enses ar e FE0e CSEOREPYITHE RSN &7 $GToR4PT &t Tpwghe leng | ocated in
front of the |lenses, acting as an entrance pupil and limting the
anount of |ight that can enter the system Advantageously, the | ens
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said first end being the end of the lens arrangement closest to the subject being
viewed, such that the virtual aperture limits the pencil of rays passing into the lens

arrangement, wherein the lens arrangement contains no integral physical lens stop.

In a conventional eyepiece an exit pupil is located 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



WO 2008/ 035107PCT/ GB2007/ 003617 3 fromthe hole to enable covert
surveillance or because it is not possible to butt the lens close to
the hol e, wohds/dski@zhole itself is relatively deep, thigtvggreetdobdlg

i ncreases substantially. The distance3 hat the | ens arrangenent is
set back fromthe wall is referred to in this specification as the
"stand of f distance" and is defined as the di stance between the |ens
arrangenent and the end of the hole that is closest to the subject

being viewed. The present invention solves these problens with the
prior art Bymubeéhefeio ensblsicoverhuireillanggenteqeusaftiie hotipossibleid butt the leas
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| ens apparat uyses used in such tel escopes do not require a physical
| ens stop 8&ieREFngEWsnays used in conjunction with an objective
|l ens to capture as much |ight as possible. The objective |ens

incorporates a physical lens stop which limts the pencil of rays
that can efThepresén invshidercemives dese prhblews srith theppidratidy using alnogdtlens

entering the e i 1. The i i X focus | en ich
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t he physi calepiepansigament B réversed sorthetht held phrbughnwiibiethie gaigect 3peiewed
certain di stﬂnc%v@ehi@d t he Iescaﬁﬁz’. This di stance is known as eye
relief. Th& ETHE Pt REE PHA W E®exit pupil in order to viewthe
subject. Only light rays which pass through this exit pupil are able
to exit the system By reversing this eyepiece |ens ap}earat us, the
exit pupi| Tislseewesarg kppyp thet may, e fogagsed ampen ohied lagated in frentpf Hicect ed

forward of | S6E : "l j e "eye
relief' di é%likﬁg@’l%ﬁr’éhi S \%{ﬂ‘ra%}ﬁuau?%g g%?% I?Eﬁfeareg#yc}?g&uég I &gasgg%{ﬂggarmunt
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telescope and therefore regulates the light entering the eyepiece. The eyepieceis a

fixed focus lens which projects a real image of the subject, within the boundaries set
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 throngh 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



distance). In this way it is the virtual aperture projected forward
into object space that limts the pencil of rays entering the system
and not th&opoas@7i tsel f, thus overcom ng the vignet tpdgcERbigbily
experienced when using | enses to | ook 4hrough pinholes. There are
four basic types of eyepiece |lens apparatus that may be used to
provide the virtual aperture required by the invention. These are;

t he Ransden eyepi ece, which conprises tw positive single |ens

el ements; the Kell ner eyepiece, which conprises one cenmented doubl et

| ens and oftasce)ylnshis vegyst is e virteah perivseproiscted ervaedintoabigeh snagg thehe
singlet; t : .eee i i j S
conpri si ngﬁtﬁlvﬁ E{Iggﬁgg%ﬂéf‘q%%gegﬂ %ﬁtrﬁ’tﬁféﬁ%ﬁﬁgt&éﬁgm s. facing
each ot her ovemdmingdh&vighetingepneliestpatitnrkd shepusisgknges $4 ook thrivghonvex
singlet |lens,straddl ed by two cenented doublets with facing crown
el enents. PWiT1 be recogni sed however that any |ens apparatus that
enabl es production of a virtual aperture as described above may be
used to pr gluce a Iegs_arranc%emant according to the invention.
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modi fication of 'a Ransden eyepi ece nmay advant ageousl'y uséd in
order to mnicpinpiises twpositivesingle eheclrmenss;dhe Keldemeydpiechoviedecomyrizas

wi der fi el i i | ner..op Erfle epi woul d
be nore ap%?%g%rfléér{tgél\a@tﬁ)&&m{eﬁg%c%&?ﬁﬁgﬁ#en?’g%lct}lgfli\liagreoav Dt@e c{)oﬁlgﬁg& ece
| ens appar shasiegeytedsdabotune epepiae, wiiith hawymediridadias deaprisiedwioo
stand al one_an er(ff re are designed with.aberrations to c ensate
for the ab&FPat F%) ub %??DSESUVX@H ﬁrOg‘Bi Fpiiacing ga Ot}ﬂﬂéa“@é*]ee%pe.

Si nce the pyeser] whithedinbades degengitonieLsiaplet Rk $HaaMal bPRICEhicnRdl ens
such corrperé?)g%i on .i.s, not necessary so an eyepi ece | ens apparatus

woul d need 15t "Y%B’dfﬁ?lpéaroﬂ’éf oigs B Wil be rreopmisediavesiier thy anplens i
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i nvention, a nunber of possible approaches to the production’o

| ens ar r andepEduceleny @Tﬁl@em@lttab@rfiméﬁhﬁ twveniidn. now be described. In
the follow ng descriptions the "first end" of 5 the |ens arrangenent
is defined as that end closest to the object being viewed and the
"second endt poictitdibe hetna opticadh nigmern selected Wil npirpsendent @ntle fieldoSektv t 0

the imge %gq%l%ﬁl B e}q;l%p %,' for narrow fields of view a modification of a Ramsden

eyepiece may advantageously be used in order to minimise the size of the lens

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



As mentioned previously, the selection of the optical elenents for a
| ens arrangement according to the invention is dependent upon the

desired fiwhtofosxogw. A field of view of approxi matel ypdgcaRef 87
may be produced by using only two optieal elenments, one positively

shaped lens at the first end of the | ens arrangenent, and one
negatively shaped lens at the second end, in a configuration that
coul d be described as a reversed tel ephoto eyepiece. In a preferred
configuration of this enbodiment, the first positively shaped |ens
wi || be bi demigaxarsangembe isdefond am’égeanﬁwkisystmmpeujebmﬁagwlévlredmd the

bi concave. « ,e rra usef e designed to
oper ate at gér#%g% cﬁﬁlﬁ aar%f]gg né?atﬁ% # e‘éﬂﬁ?“ﬁ@ﬂl 2Bi nhol e

of appr oxi rcapwhygh'l&”ans:ll aneter; and in a preferred enbodi ment the |ens
arrangenment woul d be | ess than 5nm | ong, have an effective focal
| engt h of approxi mately 30nm and woul d therefore operate at around

F/30. A leng xﬁéﬁt@ae@ﬁmfouﬁy,qaé SH ok er?hQ b .I%m&gbﬁ@ﬁ}r aQ%nstapﬁ? ement
invention is shown in figure 2. A w der eld of view o 8

appr oxi mat @F§erding it deeniienis depemden wpomtheviedredyieldsifngeva | ens
arrangenment conprising only two optical elenents. In this enbodi nent
the lens arrangenment nmay advantageously conprise one positively

shaped | ensh ﬁsldcotﬁ vy &f abpmnmdy 12 degreastmayhiee grodired By dsig odlhewd ens
arrangenent s.lens a’rf)tpt he second end.

The neni scu?uf genéggs l}allspoﬁﬁf’?]glsgaﬂcgim SC Fﬁrsﬁre%‘i/‘? PiFPRAIgemERt,

i mage pl anemdbné h@aﬁﬂﬁg@ha@a@lmﬁ hitbe SRAMBer@ANE: é&bﬁﬁgﬁlﬁ‘ﬁ&l o8N Hag
i mage qual i eg/c e nmeniscus. lens also helps to correct any

astigmati s 3L et (§lepkate creniesr b @Isaferred configuration of this

embodiment, the first positively shaped lens will be biconvex and the second

negatively shaped lens will be biconcave.

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

effective focal length of approximately 30mm and would therefore operate at around
F/30.

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 astigmatism.



6 Such a | ens arrangenent may usefully be designed to, operate at an
optimum stand of f di stance of approximtely 4nm behind a pinhol e of

appr oxi mat@ysosgiizz@yraneter; and in a preferred enbodi mepdr/&bot/e8617
arrangenent woul d be | ess than 4mm | ogg, have an effective focal

| ength of approximately 14nm and woul d therefore operate at around
F114. A lens arrangenent according to this enbodi nent of the
invention is shown in figure 3. The two | ens arrangenents descri bed
above may be considered to have evolved froma reversed Ransden

eyepi ece; HRWRME: arfan@drhdnt bRy aguRilBchedesignédiatopsatsrt i Opilraa staad offs
necessary to achi eve the desired pe({fo_r ncg si nge tB’e Rangden

eyepi ece sYipRNsp of apprprisnately tgmy beiing 3 inhole RaMPIORIBAIS S TR 5 field

of view Ofaﬂdrintagr LethilRn 1 Qe AOaaREI BN oRE bB %Ak AR dnBY 1048i N a
slightly nore conplex I'ens arrangenent, conprising of three optical

el enents, hawe apofedtiveddaal ehabod apirpxjimateleksnre) ageriud (herefore Aperate at
negati vel yarnlgr?d'&lgl%g ngle lens el enent | ocated between them A
preferred enbodi ment of this configuration would conprise a single

bi convex lens at the first end of the | ens arrangenent, foll owed by a
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consi deredzas an evolution of a reversed Kell ner eyepiece, but again
it deviates fromthe classic formof the Kellner as the usual doubl et
has been split into two singlets. This allows correction of field

curvature ] : al
ﬁﬁgm&e%sa#%@g%gdﬁﬁfﬁgﬁﬁﬂw@c@%ﬁ&& & Rive tet?ﬁ.v&?ﬂ&]gx

negative lens to ] and use of the conbination o
this el eneatevarsdd Ramsdeastyepiossi howevel i mdll he sppremiaied that soorereedification

astigmatism__Such | en rran n I des]
oper ate. at SRt RATEr s GRPELREb e SRE e il SRMUDFEED
behi nd a ptahpiises ofo pgiivelk siaped lynses.nm di aneter; and in a preferred

enbodi ment the | ens arrangenent woul d be approxi mately 5nm | ong, have

an effective focal |length of approximately 8.5inm and woul d
t her ef or e @apgidst Beldbf HeRbTetp fd Sppoximi¥Rty 2R ER3SHAY BEIdiekEd B9 06003617

slightly more complex lens arrangement, comprising of three optical elements, two
positively shaped single lens elements with one negatively shaped single lens element
located between them. A preferred embodiment 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 lmm 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.



7 A lens arrangenent according to this enbodi ment of the invention is
shown in figure 4. To achieve a field of view of up to approxi mately
50 degr eeswoaobsaiasioar r angenent conprising a cenented dogddl/€k2007/003617
straddl ed by two singlet elenents nayybe used. This |ens arrangenent
may al so be considered to be an evolution of a reversed Kell ner
eyepiece but in this case deviates fromthe classic formw th the
addition of a field flattener at the rear which takes the formof a
single nmeniscus lens elenent. This is advantageous as it acts to
correct the field curvature and bal ance the astigmatism A preferred
enbodi nent of this type of |ens arrangenent would conprise a

rel ati vel yA lens axangergrt ageqrding tautbisrrhorimet of the syveationdp ghomy igfigeysy of
the I ens grrangenment for greater control of the stand off distance,
foll owed by an achromatic doublet with the crown el enent facing the
first end of the |l ens arrangenent for correction of residual |ateral

chromati c .aberrati @n nd a positivel. a si ngl.e._neni | ens at
t he secon(foe ¥ a%ﬁ]éi q%é{heév Qf@iﬂé@?@ﬁ%ﬁ%’ g(igegéées’ga ??Seﬁr@ngﬁ;g%tener
and provi dﬁn@ﬁﬁih@hh?ﬂhﬁxﬁ@@@bgdt SMImméi@g@o Ringle cleSusthmay be nsed. This .
arrangenment may usefully pe designed to operate at. an o m st an
of f di st arle® wm@mw@em cgrﬁ#,redﬁa_gﬁ e@?ﬁmwéﬁéw&rs%éggﬂf% mat el y
| mm di amet Sepieadtht ilhd dREEd SR %R ine ¢i8RE fork A B8 8d @R SPHTATRA!

woul d be afgipr oximately 9.5mm | ong, have an effective focal |ength of

appr oxi matiéitigng asthgnear avhdchiekas dhe foen of apiaglgpeanisoes lges geraenid i 6. 5. A
l ens arra ot di i .iﬁ}%rblj L OV I |
shown in Pﬁ%g%ﬁgéegﬁé:gsé g‘%tgﬁ%d:togf &\% ezf\}vaw!f) to g%%ﬁ%%ﬁ%%%é%@tagggdéar ees
may al so beefzeohd ewboalilngniuditigtype bEless arangementeriuldommpriss & ngatavely
cenented d | et | t the.first d of t I t
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lateral chromatic aberration, and a positively shaped single meniscus lens at the
second end of the lens arrangement to act as a field flattener and provide a flatter

image at the image plane.

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



8 but deviates fromthe classic formw th the addition of another
el ement to the |ast cenented doublet to produce a cenented triplet.

Thi s al | owwocésigsioron of | ateral col our problens and ofciti&g2007/003617
variation of astigmatismw th wavelength. In a preferred enbodi nent

of this configuration, the cenented doublet at the first end of the
| ens .arrangenent advantageously forns a thick, negatively shaped
nmeni scus | ens, which helps to naintain the tol erance of the |ens
arrangenent to changes in the stand off distance. Such a |ens

ar r angenely ARYarsSRim ieXiRc 6 Witethe badinnes Bintthat claepd thellas st and
of f distance of approximately 2mm behind a pinhole of a r%{;{];rratel y
nt

| nm di anetengntahdoublet so prodycsarcemenin Silohe Hais allews oOFECtn

woul d be a ' I ‘Qﬁg} { : FRT MR I h of
appr oxi natcgﬁ/lp r%g]%hgr%db\%u %@?ef%@?ﬁggg?g{@ at %?%Eﬁ%ad fSﬁﬁ%{ | ens
ar r angee rinbadiswshd bfiistconfiguirstioanthe demenied dfubieh et thefishendof thesleshown i n
figure 6. It wll be appreciated thai ma t her f.i i of

| ens ar r arifeRgmRet 3@@‘5&8‘?% Y?%“‘%Sﬁe'gicﬁx}’eeﬁ%n‘?"c?ﬁ‘/ %ﬂ%edéﬁg%%egyg%%r@ﬂ at
many di f f gfeBRto fHafhals tiRftolviapie draye Res aehizemed o Jheg@rth theatadeit of

the known eyepi eces that nust be retained in order to work the

i nvent i on di¥ancke production of the virtual stop in front of the |ens
arrangenent. In fact, due to the production of a virtual stop in

front of the lens arrangenent, the present invention is even able to
produce usshishe lénsagesgamenhoay usedillyperdesisprdinoperalgat an piMipayre siend effs

stop. This, S 1 a i i L I ens
top what SUBURE D! FRpIERACSnaSRarif EULRDEE By, BIRES Ut
convent i onak ih @ peefatedangedivmn; theilglstarrangentbnewodd be hgproemstely Himmal |
directions resulting.in tpo ch light Dbei transmtt t he i mage
capt uri ngS]ﬁB%tﬁ’é‘,’e ?%&@ﬁ%%ﬁ@q?r}é\" %%%QBOFU%W PP a‘?ﬁ]&r o?lﬁggérgfgéept uring
neans V\Dul@e}ﬁ@a@@amr}%)l e to cope with the dynam c range of the

| i ght | eading to poor image resolution. However, the present
i nvention overcones this as the pencil of rays

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

6.

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 transmitied 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



9is limted by passing through the virtual aperture enabling.a
satisfactory inmage to be fornmed. The inmage quality produced by a | ens

arr angenmenyoaeaaisshiongd to the present invention when notpiviy€Rdoi03s17
through a hole is acceptable for manygpurposes such as security

caneras, and al though the absence of a physical stop does cause sone
| oss of quality due to the increased light levels admtted, it wll .
be appreciated that advances in technology, particularly in the field
of digital sensors, will continue to reduce the significance of this
probl em BEsBmited bjipassiay erowghrthngieneiperdire habling a sesfastnapimagg to he
conventional integral physical lens stop to be dispensed with, the

pr esent i o ¥ on provides a very conpact, high quality, imging |lens
that is ideally suited for |ooking though snall hol es. Furthernore

t he absence of a %2é§ical | ens stop reduces the conplexity of the

| ens ar r arkhsrimnge ety predunedbe p 19 apapgsarBhicsordingo BedrysedhirYEHOR hus
reduci ng t %ﬁtﬁﬂ&. s ey eauid-th the
use of a v‘?lr%nﬁn%? glape ur lle1 gﬂgl\gﬂﬁ%%cg@?oglig%?t I ng pg@wgégggerhl %\eéd ggﬁ({)_ve, a
convent i onaimet@nmdaitheughehe ssenczrof o physicib siap doggreusegoreilasy of aradiss

when | ooki t hraugh a.pi.nhol e i.f .t hat pi -S4 ectly
circul ar v§"%ﬁ° g??d%‘?fﬁass‘&gﬁlﬁq%’ﬁg‘ a#%t&e%bﬁl“gh :;;Pg}h%%&%%c} grh?tgirdg ?%ﬁlgh whi ch
the hol e i@ty sartidtldly ihfthd fiuis of digital stnsdsswill @ntinte tadepathel y
controlled, the resultant inages will be severely degraded.

Fur t her nor 8guigranse obHstHebleEe of a pinhole in a physical bat her
offers a physical stop with the potential to inprove imge quality,
because the barrier is not connected to the lens in_any way its use

with a conRentd tbandvel emangamentnddirdprsesensbing e soryeniionab sl RhyHt
accurate p t1. Of: I f: ! t and
o1 st aniehs SPE Ry Yispeed S o PR Bl A p TR B3 cBBad MR T
m ni ni se t pelioptimagihg EoethabisidmBy suted dor Ipgkingdopgngnalrholesnses. I n

t hese syst i mage, quality_.is,dramticall C
relativel ylg‘g%%ﬁ“?m%ﬁg% Enge i ﬁgysé?aggeas otY Ie\@ﬁflgsﬁec%?qﬁ?\@?g %i}eeler}sf t he
| enses ar egrfifgembhiend iRcanitee bf sompoacgethheate bguinéd hberedadingihs cogsul t

rendering the re ul_gna t i nmages unusabl e.
associated with the systemt

However, even with the use of a virtual aperture to combat vignetting as described
ahove, a conventional 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 attributes

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 arrangsment 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.



WD 2008/ 035107PCT/ GB2007/ 003617 10 This is obviously a major .

di sadvantage in surveillance applications where it is often necessary
to set theyweRbissidsiodevi ce up quickly behind a sinple drpdd@shotdRdoBs17
whi ch may have poor edge quality. Thejygurrent invention overcones
these problens with the prior art by the use of a virtual aperture
and by overdesigning the | enses so as to reduce optical aberrations,
thereby increasing the tolerance of the lens systemto variations in
the stand of f di stance and pi nhol e inperfections. This overdesign
conpri ses gk RGHbVRAS 2 g dighdvaRgRnin SirdsiBiRE Spplivafsidevhetdiats dfea | ens
arrangenment projects a virtual aperture |ar er‘thaggﬁhecipeg%ﬁre in
the barri eRecesspy tepetdhs onticaldevicn ap guigklyibghind A singple fliedrhale whigh meys o
the rays i t hrough an annul ar zone of the | ens which
IS relatig%?tbg Sgg?qto ihe optical axis, reducing the curvature of
the |l ens through which they pass thus reducing the nunber and size of
the resul td Qpti.c i LNV, I r al
abort ati onihEae e e RSt e e B Pl HReBr vk Bepr it

aberr at i onsiriasichperaure and b oearéssitasieghe ghaee so as foaediee opiei aidnatieds, ar ea

of lens neanipg.that. the |ens may, be noved pbackwards gway fr t he

o nhol e wi PR eEREAAOERERT P1 a0 PHELBagrRibos i BRSPS A1 on
produced. Jifiaficd RdWaddlditPeABitvht. THid ovellesign EIRIRs GilSd RA: QatvifPr oper
installation or novenent of the lens relative to the pinhol e thus

i ncr easi nglarges disngireein csder dhat thedpnpripagamant pieiegiss virteal apergnglEsstse

t he increaﬁﬁ E :@ﬁﬁ ‘pf the lenses |eads to an increase in

t he optinun1%€§ﬁ%ggfghdls%§%gg of the I ens arrangenent, thereby
reduci ng the percentage errors caused by a given error in

install ati he devi - .the lens i t jtsn e e

S ohal o 1 e fifeet QEulifeti in WS Bioher 1630308 ol OF MECIOSREs ibubll®
t he i mage abtmiuhedoneldfehdleas @hieh id llatvely alobdreo theeptita weisaeduchstthe i n
| ess refraction of, the incident.light therefqre a_series of, lenses in
conbi nat | ofbrgrens e et Roinele v Fhs et Sal eI RAR, vel |
a materi al gRfreduligidiptica abaedtions The deentidyackao iedde oIl BrRMEkdRS isgn of
the | enses may .al so_be characterised as praducing a | ens arrangement

such that PHECWAY efigcting myreducdng spheriqakabsrgliensiagd CoBrwdiceyerssighe | ens

gives a larger operational area of lens meaning that the lens may be moved backwards

away from the pinhole without causing a significant increase in the aberrations
produced. This reduces the sensitivity of a camera system to improper installation or
movement of the lens relative to the pinhole thus 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
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size of the pinhole that the | ens arrangenent is |ooking through.

Thi s nmeanswbhabs/gb@ul d errors in the installation of theetheBmor003617
arrangenent cause the pinhole to be | gnger than intended or nean that

the Il ens arrangenent is not |located at the ideal stand off distance,
the lenses will still be able to capture all the |ight passing

t hrough the pinhole. By enploying the overdesign of the | enses
according to the invention useful imges may be easily achieved
within a rangegenfensis davgerdhidn tHe sitaoitihs pihbélodan the. | Grmrrangtmettislookires

anount of tolerapnce to varjatians in the stand off di stance increases

2e the si zETavety Moo el Sobl Sreta decutifion b tedebeiRisement  oq

only by spatiselheRmsdlé & tlgrganflac REhndedSMARhIBR Qusks &rh8ochahlRe of

t he virtual agﬁgrture may be overdesigned to be in the range of 1 to 5
&

> ) . 0€, g
times the diaidabiheddeat standniffistance, fhe lepspy willstifldw ablede arrmaellthee
virtual ap : - : st one and a half times as large in
di anet er a;ﬁ%%%ﬁﬁﬂgggﬁﬁ#%ﬁmﬁvﬁ?ch it is intended for the | ens
arrangenment to | ook. The present invention therefore provides a |ens
arrangenen i r,at.e ivel ve wi.de. ran of
barrier t h;&?»é{(e%g%lo sé g‘ﬁco?ggrﬁg%lgn ngf;[{l%%h%eggf%f/&g%gﬂtg‘amt‘fﬁﬁbqn u(;g@]m%a(ge%ui t
a di f f er entnaditeraasibrachieval whihe. raide of stapd eff distdestHeavech ieSnah RAO| €
will be le th 2mm i n diameter, but the invenption may be applied
Lo | arger NOMES | RRAMERE!HEFUSEROSo YQRAtopt ik Saa G aRIBrt Ingiesehes the
invention walofvi@aPapeHitd@hdrbRBCAITREBLE ishit@RInt s bhyPspatin BhAGRAs and
behind a pinhole in a wall. A specific enbodi nent” of 'the invention in
whi ch the I°8#fs arrangenent is used in a pinhole canmera placed behind
a pinhole in a bather, will now be described wth reference to the

followi ng drawi ngs. Figure 1 shows a known surveillance camera (1)
hi dden behiAdtyantagéonsiyltee dianetenofdhduirtnilepei8y neydh ovérdesigided tobey/sithal

stop (4) prrgﬁgre"gﬁ Yo 5 BhRs tt}{%ediﬁhagroolf%ie pinhole. In a preferred embodiment the
virtual aperture would be at least one and a half times as large in diameter as the hole

through which it is intended for the lens arrangement to look.

The present invention therefore provides a lens arrangement that will operate
effectively over a wide range of barrier thicknesses and that may be easily scaled up
or down to suit a different diameter of pinhole. It is preferred that the pinhole will be
Iess 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.



12 Figure 2 shows an enbodi ment of the | ens arrangenent according to
the present invention optimsed for a field of view of 12 degrees and
| ocat ed bewiondosospionhol e in a barrier. Figure 3 shows apceobmoiaeat
of the |lens arrangement according to lzhe present invention optim sed
for a field of view of 25 degrees and | ocated behind a pinhole in a
bat her. Figure 4 shows an enbodi nent of the |ens arrangenent
according to the present invention optimsed for a field of view of
40 degrees and | ocated behind a pinhole in a bather. Figure 5 shows
an enbodi megire fshévirear it danempftwdnat aaengenenimpcordingtie thermessentt

i nvention optimsed for.a field of v of 50
behi nd a pRYREPR Spmiseder 7 figld 0 ﬂfe@w“'eﬁ\éﬁ%mﬁ R m“@&rﬁ“%?é @%‘
| ens arranggsgnt according to the present invention optimnsed for a

field of view of 65 degrees and | ocated behind a pinhole in a bather.
It wll be understood that the followng is sinply an exanple of a

par ) cul argeiRadhiBLy (%b&cﬂﬁeﬂt%‘fﬁ{étlb&rhnﬁﬂébnféﬂ%ﬂcgrdﬂ%tto%ﬁr@s}éﬁﬂ as

limting it cope 1n any wa
invention optimised for a ﬁeld of view of 25 degrees and located behind a pinhole in a

barrier.

Figure 4 shows an embodiment of the lens arrangement according to the present
invention optimised for a field of view of 40 degrees and located behind a pinhole ina

barrier.

Figure 5 shows an embodiment of the lens arrangement according to the present
invention optimised for a field of view of 50 degrees and located behind a pinhole in a

barrier.

Figure 6 shows an emboditment of the lens arrangement according to the present
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 (8) 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 (8), thus limiting
the pencil of rays entering the device and reducing the vignetting caused by the
pinhole (2).



Referring to Figure 5, |ens arrangenent according to the invention
(1) is placed a stand off distance (S) behind a pinhole (2) of

appr oxi matwloyobgias@yaneter drilled in a wall (3), enablpdrgcaiantsBEe
of a target subject (4) to be capturgd. An incident ray (5) is shown

passi ng through the | ens arrangenent (1) and being focused on an
optical sensor (6). The lens arrangenent (1) is optimsed to project
a virtual aperture forward into object space, by a distance that
equates to the stand off distance (S), thus limting the pencil of

rays ent erihg@oiifl stevd @ﬁd@fﬂcéc@ Uetwden hBGenkialt eRgandabssidhdly (X)he
pi nhol e ( WD 2008/ 035107PCT/ GB2007/ Q03617 13 The nonj nal st and

2).
of f di st arf)eléth'{sz';)nb@éim@éﬁf tha @verion is pppsprgeaieht 3emand s tolakispgth of e £ or
this enbodj t..od e i y | rax. ot al
ength of VRERLgiotzbn® i BERpLARY fo SRR AYLER: By oo ERRh S, or
t he st and nedyfindics baamevi(ed) bategen 2mth acd Gine witlonh ensesigafioemblos9ofn and

6nm wi t hout _an ignifi.cant, lL.oss of .imm ual i t Y. Thi S, ;S e to the
over desi g8 Syl Shisd§ % g8 Syeflesigl P e St s { il Wl BT ¢

proj ect ed ytudl hperdu@e?oﬁueamgemm driahgérBend PRAOKipi@atiablyll. Stinesths t he
size required for a lens at the ngm nal _stand of f_di itance (i.e.
3mm) . The $2edenaied frgesanst themomipalsiand off dishames i 3@ opt i i sed to
provide a field of view of 50 degrees and conprises a cenented

doubl et lens elenment (7) straddled by two singlet lens elenents (8
and 9) as Bwdessiayenzany &) it fus gnbpgiraent i epsimdsedito proelegifjctd el iesy A

: 4 (8 il . . h
Singhet ol SLRERe} B D REARlElet SUTROEN I GF 1 shriifed B! e
posi ti vel ysinghetped chapringsa@snd )as. deSdribed elowwe; the simglet clofest th éheoabieent ed

doubl et (7).faces first meniscus l.ens. (8).. The |ens, arrangenent
(D) "has & HiEisTed (7 robprisnat et ftily upBr st iy PTG emont
(1) is pl agtedsthe ?e:iﬂlag@)&iﬂtﬂﬂrig rﬁbaﬂ?@) @orgising agmmly dpbddoatnispeed of
F/I6.5. |If no pinhole (2) or 3 e the ] ens arrangenent
woul d operla%%%hafraw%nqnﬁ ot e C?Iaﬁa%i drbiet &) Fecey _ﬁw eSS (5.
l'im tati onTiefiedd@raRBaRddt (Dfhab R¥ScalRHER Uf §Bmid) eherdtbieUb@enARELALT €
produced by the reverse eyepiece type | ens configuration.

arrangement (1) is placed behind the Imm pinhole (2) it has an optical speed of ¥/6.5.

If no pinhole (2) or wall (3) were used the lens arrangement would operate naturally

in the range of F/5 — F/8 due to the limitation of the pencil of rays caused by the

virtual aperture produced by the reverse eyepiece type lens configuration.

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 o 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 farther comprise a physical shutter which can be deployed

when the camera is not in use to block the device from view. This shutter system may



Tests have shown that a device according to this enbodi nent of the
invention has an inmage distortion of only 10% and gi ves a resol ution
of appr oxiwet-eey:Hopl MIF at 80c/mm At the focal plane@iicilerdenses
an optical sensor (6) (in this case a4l/3 inch CCD) is placed
enabling a still or nmoving imge to be recorded. These inages nay

ei ther be recorded locally or transmtted in any known way to a
renpte receiving station, located for exanple, in a vehicle parked
outside a building under surveillance. In order to further reduce the
| i kel i hootheafepBysdiinvisdrt bathe @piclednsor(6) Mdrdte teclivitlate berd-eflsction or it

t fu h I utt whi ch b
ept oy od PO ielehie oot G tolent FoBER b AHRIRAD EFEr BAPFRISAT om vi cw
Thi s shut tfmiaNg Etfémfpﬁ@éﬂ s1g¥1\Qu?e‘H¥%é3&5§eQZPé3Td 6BORY LAY erddhalife

deployed in front o he ‘optical sensor (6) in order to elinmnate
retro-ref i®eniladeyice)lt nay be installed in front of the | ens assenbly
as a whole in order to conpletely elimnate the optical signature of
the device (i.e. to block all stray light emanating fromthe device).
Lenses of Lémsed ofjibe type berainbéforealesietbed iragddvanyagaoisinicagtionsdyo be

t dt 1 | ield i
o weer 1 MiouRE paitulsRak or Gt Fields SF Sie! el it feiree S0 &0 ddirfedame.
may usef ul pycibRl ffdaviafgdofbdsts dafadRilE Be)pssRaRd WitDL eithdlsstin to

different circunstances and requirenents.
provide for different circumstances and requirements.

For a pinhole surveillance camera a range of lenses to produce fields of view between

12 degrees and 65 degrees has been found to be particularly appropriate.



For a pinhol e surveillance canera a range of |lenses to produce fields
of view between 12 degrees and 65 degrees has been found to be
particularly appropriate. Cdains 1. M inmging device suitable for

| ooki ng through a renote pinhole conprising a | ens arrangenent and an
i mage capturing neans, wherein the | ens arrangenment conprises a
plurality of Iens elenents designed and configured to operate w thout
the presence of an integral physical |ens stop, such that in use the
| ens arrangenent defines a "virtual aperture" in a pre-determ ned
plane in objegt space remote froma first end of the lens
arrangenent, said first end being the end of the | ens arrangenent

cl osest to the subject being viewed, and wherein the virtual aperture
acts as a renpte_entr.ance.pupil. i bj,ect,. space beyond,.the first end
of the I ens arr ARGERERE S HUFYR oy 1P bR ETF rage Pl Sqrmbrisdne
through the | englsas bangenemtant n iMgyel ARYEnE AREML] WhgehBRORNs 2. AN

i magi ng device as clained in claiml rein the | ens arrangenent
conprises a posfiIgEMGISARPEIFSAdHEldy ohieRt clPBER dEPIEed FRA AT IRBEd

of the lens arrgngaaeithofiqhd [ﬁ’éﬁeﬂg@cyfai'fliﬂ@@@tﬁﬁ&@i&l_l&ﬁ%ﬁﬁ)@?deﬁ@&tﬁlwm-

3. An imaging device as clained in claim1l wierein the |ens ]
arrangenent confieilens grrangsawnt dafiapy asriapelprdirs” vl wprerdetermined pldnain t he
first end of the.Lens A, ' . | ens
el ement confi gu?%l%&fb %dcg(%{rﬁgg?a |féﬁfsﬁén:‘d%at el%rﬁmg&%éhﬁ:ﬁlrrga?ﬁgﬁ evi ce
as clai nmed i n cbangniht ewhef thi fent heardgemsntatasastgethe stbjed ping yesvet vand

positively shaped | ens el nts with a negatively shaped. |ens el enent
ocat ed bet veon CHE T8 VIR THEEUIA 5 daa et E S ELr Rl Al AL
wherein the | engeyahd &RERHERAY of SRS SAEnRIREGAIIA¢Hhes sSRAGEEF RNthSICUS

| ens el enment |ocated at the first end of the |ens arrangenent and
configured to cBHeedhopgbihs s prapgegent tadhs mags aPtypeIaeng.

2. Animaging device as claimed in claim 1 wherein the lens arrangement
comprises a positively shaped lens element located at the first end of the lens

arrangement followed by a negatively shaped lens element.

3. Animaging device as claimed in claim 1 wherein the lens arrangement
comprises a positively shaped lens element located at the first end of the lens
arrangement followed by a meniscus shaped lens element configured to act as

a field flattener.

4. Animaging device as claimed in claim 1 wherein the lens arrangement
comprises two positively shaped lens elements with a negatively shaped lens

element located between them.

5. Animaging device as claimed in claim 1 wherein the lens arrangement
comprises a negatively shaped meniscus lens element located at the first end
of the lens arrangement and configured to control the position of the virtual

aperture.



6. An imaging device as clainmed in claim5 wherein the | ens
arrangenment further conprises a positively shaped neniscus |ens

el ement |ocated at a second end of thdélens arrangenent, said second
end being the end of the | ens arrangenent nearest the inmage capturing
means, and said positively shaped neniscus | ens el enent being
configured to control the field curvature and astigmati sm of an i nmage

produced by the |ens arrangenent. 7. An i ing device as clained in
claim 6 wher énAFHBaFEARLSY m@wﬂw GHipy gRer 86%#@%@%%% BHEE i ¢
doubl et |ens el gampisch 8 padiePalapeERckifes RAYB¥R [YchPR dedRALRE US
| ens el ement situated at the Tirst end of the | ens arrangenent and

the positively shéhplans gepnasewst, padhsccendersheing theiendeef the lenharangenen
d of the | ' i
end o e ensaéarrés?ﬂw?ﬁ? cagﬁ?l%mgran?e;ﬁﬁg g@;@&ﬁ%iﬁ%ﬁgﬁﬁn‘%ﬁ%@ﬂé

bei ng configured to contr Ions-in
produced by t heclemast temgangbgeed to ®ntréinhe fireldicmyatie/andestagnaismiafed i n

claim5 wherein.the qusﬁfﬁrtngenent further conprises a cenented
triplet |ens el BM&TPTYUETLYYC 5P S 4lEBRY end of the lens

arrangenment, said cenmented triplet lens el enent being configured to

control the Iat ghaﬁqagﬁﬁ%awceadacum&d BB W Rreid thd 16ROLraREQAsHE BGthRY
the lens arrangenent. 9. An inmging device as_clained in claim38

wherein the | enSOBRsahEbIRBMMAtiGdonRet lersRlimans locatep betusar the negatiyely
el ement 1ocal edspBtdfemsd Sl &ifch ukred HARE MBI SIAHOLhE AarBLRBRTL

situated at the frrst end of ens arrangenent an e cerented
triplet |ens el ewkthe peditivedit shdpert metiscus &ne pldmenicsitofted high¢ saegnd end of

arrangenent. 10 i i Vil s ¢l ai in.claims8 or aimo
aherern che neglief o EHdaR S BT BhBRE 1L eEroL e tenfai e
first end of the doatrsi chroranigeabenitions imhe ege draoaiietie tawbl et | ens
elenment. 11. An inaging device according to any of the preceding
claims further #H§T™ET'ng a physical shutter to block the |ens
arrangenment fromview when it is not in use.

8. Animaging device as claimed in claim 5 wherein the lens arrangement
further comprises a cernented triplet lens element situated at a second end of
the lens arrangement, said cemented triplet lens element being configured to
control the lateral colour and astigmatism of an image produccd by the lens

arrangement.

9. Animaging device as claimed in claim 8 wherein the lens arrangement further
comprises a bi-convex lens element located between the negatively shaped
meniscus lens element situated at the first end of the lens arrangement and the
cemented triplet lens element situated at the second end of the lens

arrangement.

10. An imaging device as claimed in claim 8 or claim 9 wherein the negatively
shaped meniscus lens element situated at the first end of the lens arrangement

comprises a cemented doublet lens element.

11. An imaging device according to any of the preceding claims further
comprising a physical shutter to block the lens arrangement from view when it

is not in use.



ri 12. An imagi ng device according to any of the preceding clains
wherein the |l ens arrangenent is optimsed to provide a particular
field of viewin the range of 1 to 90fdegrees. 13. A nethod of

obtai ning i mages covertly, conprising the steps of: configuring a

| ens arrangenent conprising of a plurality of |lens elenents such that
in use the lens arrangenent defines a "virtual aperture” in a
pre-determ ned plane in object space renote froma first end of the

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

arrangement Cl20a@Shagifg 8evitticB6rin3&h Bk o tﬁé"ﬁr@cedﬁ Saiths MR ABRME UT €
bei ng configured to ac%.as a renote entrance p;pl and define a
penci| of rays giRngeparideeptirnseiigipravide 4 parcutar dighlpdvéay in the rageaef hg

said | ens arran?)heggac{%retgghi nd a pinhole in a barrier that is
unconnected to e ns arrangenent; arranging the |lens arrangenent

behi nd the pinhole such that the pinhole acts as the aperture stop of
the | ens arrangene E QS? . .l ocating an.inmage.capturing lreans at an
i mage pl ane ?]g gd’ﬂ?q c?deoaf? Eaufl%gjézfges 9ovep(1y, cozgpnsmgpthe stepsgofrre
- configuring a lens arrangement comprising of a plurality of lens
elements such that in use the lens arrangement defines a “virtual
aperture” in a pre-determined planc in object space remote from a
first end of the lens arrangement, said first end being the end of the
lens arrangement closest to a subject being viewed, said virtual
aperture being configured to act as a remote entrance pupil and

define a pencil of rays that passes through the lens arrangement;

-~ locating said Icns arrangement behind a pinhole in a barrier that is

unconnected to the lens arrangement;

- arranging the lens arrangement behind the pinhole such that the

pinhole acts as the aperture stop of the lens arrangement, and;

- locating an image capturing means at an image plane to capture the

image.

14. A method as claimed in claim 13 wherein the lens arrangement is configured
such that the diameter of the virtual aperture that is defined by the lens
arrangement is larger than the diameter of the pinhole being looked through,
so as to reduce the sensitivity of the images obtained to the position of the

pinhole.

15. A method as claimed in claim 14 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.



14. A method as clained in claim 13 wherein the | ens arrangenent is
configured such that the diameter of the virtual aperture that is
defined by the |l ens arrangenent is Iaﬂ@er than the dianeter of the

pi nhol e bei ng | ooked through, so as to reduce the sensitivity of the
i mages obtained to the position of the pinhole. 15. A nmethod as
claimed in claim214 wherein the dianeter of the virtual aperture is
inthe range of 1 to 5 tines the size of the dianmeter of the pinhole
bei ng | ooked through., 18 16. A nethod as clajnmed in claim15 wherein
the dianeter J&fAtfﬂ‘gEQA 3t me%weqlilmg‘iv%er%lﬁﬁhﬁdiz?%freqr}ghwmliaﬁ@@rfhe
di anet er of theisQTgﬂBQin‘?atélW]!SQiﬂ]&_%QK@&iaﬁlQﬂépé'ﬂhe pihifole DeiiB1dRE ASouphal med
in any of clains to 16" wherein the distance between the |ens

arrangenment and the pinhole is in the range of 0.5nmto 10= 18. A
pi nhol e camerld. Aonetheybas olpiwed ingdnlylodnleang Kictorlporhetdimthetdistanicerbefivaen

devi ce cl ai med j[hré l%g%rr%geﬁjle%i A tﬂ‘e Igighcfhg is in the range of 0.5mm to 10mm.

18. A pinhole camera for use in surveillance incorporating the imaging device

claimed in any of claims 1 to 12,



