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that the applications exist in the field of inspection, for example in the “down well®
inspections carried out in the oil and gas industry or inspection carried out during
15 Non Destructive Testing (NDT) activities.

Viewing apparatus are known which enable the centre of a viewed image to be
moved without moving the viewing apparatus itself. In patent application GB
2186993, British Nuclear Fuels Plc (BNF) provide a viewing apparatus for viewing

20  in pipework or in radioactive cells. This viewing apparatus comprises a camera
used in combination with one or more prisms, said prisms being moveable in
order to change the field of view of the system angularly.

BNF teaches that these prisms must be placed in front of the optics at the first
25 end of the apparatus where the incident light is received into the system. For the
purposes of this specification, the “first end” of a lens assembly shall be defined
as the extremity of the lens assembly at which incident rays from the subject
enter the lens assembly. Similarly, the “second end” of the viewing apparatus is
defined as that extremity of the lens assembly at which the image of the subject
30 is produced for viewing. The reason for this positioning of the prisms is that the
state of the art teaches that the prisms will only operate effectively in fully
collimated light. This is because when light is received by the prisms at an angle
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subj ect throu a arrier uch a nee rises 1n many different
si t uattd onsonskderationh situation is surveillance, when it is wished to

observe a person wi thout that person's know edge. In this circunstance, the
barrier may be a wall, with the canera enbedded within the wall. A second 25
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order to determ ne enoug I nformati on on
const r uct imeving the apparatus itself by means of mechanical actuators. Such apparatus
generally take the form of cameras which are equipped with a number of motors
15 to enable them to pan and/or tilt to the desired orientation. Devices of this kind
avoid the need for the large prisms that are required by BNF; indeed they avoid
the need to use prisms for re-directing the light at all. However they are

mechanically complex and therefore bulky and expensive.

20 A further problem occurs when there is a need to use the viewing apparatus to
observe a subject through a hole in a barrier. Such a need arises in many
different situations. One such situation is surveillance, when it is wished to
observe a person without that person’s knowledge. In this circumstance, the
barrier may be a wall, with the camera embedded within the wall. A second

25  situation is inspection within the casing of a delicate item such as a suspected
bomb in order to determine enough information on the bomb’s construction to
enable it to be successfully defused, whilst ensuring minimal disruption to the
bomb casing. In this second circumstance, the barrier would typically be the
casing.

30
The use of a conventional viewing system such as those described above in
these situations would result in severe vignetting of the image as a result of the



enable it to be successfully defused, whilst ensuring mnimal disruption to
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In addition, when a camera employing a mechanical pan and tilt mechanism is
15 used, the hole in the barrier would have to be enlarged to allow for the movement
of the camera. Such enlargement of the hole is extremely disadvantageous. For
example in surveillance applications the enlargement of the hole significantly
increases the probability that the camera will be detected. In bomb disposal
applications enlargement of the hole may have even more serious consequences
20  as it increases the risk of causing an explosion.

The invention overcomes these problems with the prior art by providing a novel
arrangement of lenses which enables the viewing apparatus to be contained in a
much more compact space.

25
A further advantage of the invention is that it overcomes the problems associated
with viewing a subject through a hole in a barrier by providing means for
projecting a real image of an internal aperture stop forwards into object space
thus creating a stationary external entrance pupil in front of the lens assembly.

30

The present invention therefore provides a viewing apparatus comprising a first
end for receiving incident light from within a field of view and being adapted to



arrangenment of |enses which enables the view ng apparatus to be contained in
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of the type commonly found in the | enses of conventional video/still
caneras. Preferably, the view ng apparatus further conprises an inage
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Preferably, the viewing apparatus further comprises an image receiving
apparatus located on the image plane. The image receiving apparatus may be
15 any means suitable for receiving an image, such as photographic film, a digital or
analogue imaging sensor or an eye. It is also possible to envisage a device that

employs a combination of two or more of these image receiving apparatus.

In order to overcbme the problems with the prior art and to produce a viewing
20  apparatus that may be contained in a more compact space, it is necessary to
reduce the size of the optical components that are used. However, reduction in
the size of the optical components in prior art arrangements such as that
proposed by BNF leads to a greatly reduced field of view due to the need to
pdsition the optical elements ih collimated space at the first end of the viewing
25 apparatus. Reduction in the size of the optical components also leads to
increased aberrations and distortions and thus damages image quality.

In the present invention however, the inventor has found that contrary to the
teachings of the prior art, if the light entering the optical elements is in fact not

30 fully collimated but only nearly or quasi-collimated, the size and complexity of the
optical components of the viewing apparatus can be greatly reduced. The
introduction of quasi-collimated light to the optical elements can be achieved by
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view than has been possible in the prior art whilst retaining the ability
to i mage dhanbagbeen possible in the prior art whilst retaining the ability to image a field
of view of up to 180° instantaneously. It will also be recognised that the relay lens
15 group itself may aiso be made much smaller and less complex than an equivalent

group that is required to fully collimate the light.

The use of such small optical elements enables very small cameras fo be
produced which has distinct advantages in many fields such as hidden
20 surveillance cameras.

The relay group may be produced using known optical arrangements and may
advantageously comprise a Keplerian telescope modified to produce near
collimated rather than fully collimated light. A Keplerian telescope type

25 arrangement is preferable to a traditional Gaussian telescope type arrangement
as it produces an internal focal plane, thus enabling the telescope to be more
compact.

The aberrations produced due to the light not being entirely collimated on entry to
30 the optical elements may be corrected within the optical elements themselves or

by a conditioning lens or group of lenses which the light enters after being

manipulated by the optical elements. It will be understood that this correction may
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Particularly good results have been achieved using a numerical aperture of
between 0.028 and 0.022, with significant testing having been carried out at a
15 nominal value of NA = 0.025.

The person skilled in the art will understand that the invention applies equally to
positive or negative values for numerical aperture.

20  Whilst it may be advantageous in terms of the size of the optical elements to also
use the relay lens group to reduce the size of the incident light beam prior to
(quasi) collimation; it will be appreciated that the invention may be operated
independently of the degree of magnification produced by the relay group. Indeed
the advantages of working with quasi-collimated light may be realised with an

25 incident beam that is convergent or divergent and magnified or de-magnified.

The movement of the one or more optical elements avoids the need for the

housing to itself pan and/or tilt in order to adjust the viewed image so that a

subject situated away from the centre of the field of view is relocated to the centre
30 of the viewed image.



progressively lost, leading to an increase in the size of the apparatus.
Particularly good results have been achi eved using a nunerical aperture of

bet ween 0.Qd50@M3857022, Wi th significant testing having deqatsHafohed out at
a 15 nom nal value of NA = 0.025. The person skilled in the art wll

understand that the invention applies equally to positive or negative

val ues for nunerical aperture. 20 WM lst it nay be advantageous in terns of
the size of the optical elenments to also wuse the relay | ens group to reduce
the si ze Bfefetably,ithe dmetorimgre opticalelements that arqused)to cediréctthe dncidarit wi | |

be appreciated that the inventi.on may be rated i pdependent | f the
degree of r%&ﬂ“ﬁ?@%ﬂ?%%%ﬁéﬂ%f%ﬁ@ °§'§"<§{Y'ba§. ara cPr'Smé- vant ages
of wor Ki ngia i | ' ' ' oM 25 inci dent
beam t hat Loy BSHATmGiRtes P aSerb U B e RS WACH ey 22 " e
nmovenent ofanipidaieddndependentiymriic abmbinationtto devizitel the bpticaleaxkis of thehe

that 2 stptaesind Beod i We tssebion BEhe B hiRe rvsent I6YSonRkS °°
el ocal edefBelis tisBAS té-djrdet o ihERIoHt t i difoctdiiiiiaiBn I0e 1

PCT/ GB2007/ 002501 7 Preferably, the one or nore optica enents that are
used t o rasserably such thata sabject wijch isdnitiallyssituated awaydramphe iceptreiof sns (al so

Kk | ' AR ' ' | f t

wedge or i TGt 5aR be Rlncaied &R denthe e vaweEimags.caRis maY Pen « o
deviate t ; . _ . . e (i

of 'the | | SETENpU TG ety fotfting tHedlitdd Rt of e ey PASTIERIVER I ' 71,
i nci demt ong amothar abouithecenite lihe ofitite apparatuss assenbly such that a

subject which is initially situated away fromthe centre of the field of
view can be relocated to the centre of the viewed Image. This may be

achi eved frpg (RerdiRigIYpristhshhsthd ABVAREGS oPEh&Bng thelfltd BF FleWtotd SM

relative to
scanned in a cartesian sense, i.e. left to right and/or top to bottom.

15 Inan alternative embodiment of the present invention , the one or more optical
elements may comprise an arrangement of mirrors, which can be used to redirect
the incident rays via reflection of the light. However, a camera employing such an
arrangement would occupy a larger enclosed volume than one employing a
Risley prism. It is also possible to produce the desired angular deviation of the

20 incident rays by employing a single element lens and moving this lens in a plane
perpendicular to the optical axis. However, the use of this technique leads to
degradation in image quality far greater than that experienced when using Risley
prisms or mirrors.

25 Preferably, at least one of the wedges of the Risley prisms is comprised of two or
more elements, each element being formed from a material of different refractive
index. This aspect of the present invention assists in reducing chromatic
aberrations when compared with the use of materials of a common refractive
index because it allows the lens assembly to be designed so that the aberrations

30 introduced by a first element are compensated for by those introduced by a
second element. The construction of the Risley prisms can therefore also be
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or reduced in size. When used in combination with the movement of the optical
elements as described above, this enables the viewing apparatus to zoom into
15 and move between any point within the maximum field of view of the system.

The use of a conditioning lens or group of lenses as described above in
combination with the zoom apparatus provides the advantage of enabling both
the optical elements and the zoom apparatus to be operated simultaneously

20  without any loss of image quality. This is because the conditioning lens or group
corrects the aberrations introduced by the optical elements before the light is
processed by the zoom apparatus.

The zoom apparatus may preferably comprise two or more groups of lens

25 elements and may be operable by linear relative movement between the two or
more groups. In conventional zoom lenses with two or more groups of lens
elements, the two or more groups are movable relative to each other in a non-
linear manner to minimise movement of the focal plane of the lens assembly and
thereby ensure that the viewed image remains in focus. However, whilst there is

30 some degradation of the absolute image quality achievable by using a linear
movement of the lenses rather than a conventional non-linear movement, this
does not present a significant problem. In practice, where an imaging sensor is
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advant age N E apfrolE) 5°a| 2Tbveh bploh] haf AR FEAIIERE . 2 s o
be oper at edétedtrr?. Linezrundverdéniveftthe two an yndresgroaps hasdite gdeantage ofhis i s

because the conditioni ng? |.ens or Ii’gr oup corrects the aberrations introduced
by the optrPdu¢ingteesrmplextynidhe intemal workisgs of the-caraara; yhereby ahakling

"Ene 58" aithf SOl WG tbaBsfio BpKep? i a HBHUT ol B Pt veen ¢he
two or nmuiewinigapparaius todbeemployedlin zonfiéd spacosyi Emle@mim&@r oups of

|l ens elenents, the two or nore groups are novable relative to each other in
a non- | i felativednevemest permits the G%‘SEH@"QH of viewing ajeparajisasiclASthe | ens

ovever . e BREMFEHERsBITonrS 4 SHER 4 PR ohErT e bt Siana, 1 ¢
achi evabl dehy anangentent itseif beingrortye00 cof®. t he I enses rather than a
conventional non-linear novenent, this does not present a significant

probl e In practice, where an imaging sensor is WD 20081003967

CT/ GB200 : L0 id | 4 ] . L vad
gegr adat i Zé]&g%ﬁgéeeo?s%;‘t@g zg gﬁ] %%ge(?%‘?\'? r'%ﬁ?%ghg g%bfgteg?wab érg@gllnag{eﬁ%&\/@ha? >
whi ch t he thenvdewingsapparatusdoseled theezdomampparates thatis ensstiappropriste fovo or

nore groups has _ the advantage of
the subject being observed.

15 In a further embodiment of the invention the zoom apparatus may be provided by
a “solid state” zoom device. A solid state zoom comprises one or more lenses
and is provided with means by which to change the geometry of these lenses in
order to control the magnification they produce.

20 It will be appreciated that any known configuration of zooming apparatus may be
used in combination with the viewing apparatus of the invention, provided that it
enables a user to zoom in on their selected portion of the field of view.

It is preferable for the viewing apparatus to further comprise an aperture stop to

25  limit the size of the entrance pupil of the system. This aperture stop may
advantageously be provided within the zoom apparatus if one is beihg used.
Providing the aperture stop within the zoom apparatus reduces image distortion
at high zoom magnifications. However, if no zoom apparatus is to be used the
aperture stop may be provided in the conditioning lens or in a further fixed focus

30 lens or group of lenses preferably located between the movabie optical elements
and the image plane.



reduci ng the conplexity of the internal workings of the canera, thereby
enabling 5 the size of the view ng apparatus to be kept to a m ni rum and

permtti ng?,h%oqm\()g&w ng apparatus to be enployed in conf ip%ﬂ;]?;,@@ﬁ(ﬁisfol o
i'S truction of view ng

Enpl oyi ng I'near relative novenent permts the cons

apparatus, such as a canera, occupying enclosed volunmes as small as 150
cmd®, with the volume of the lens ari@ngenent itself being only 100 cnB. 10
Advant ageously, the zoom assenbly is detachable thereby permtting a user of

the vi ew Adushpradvartage previdet byitke invention isttwt tise tdlay lérs groap afgwpor opri at e
for the subject bejin o@served. 15 In a further en?odlnenﬁﬁgf the invention
t he zoom ﬁﬁgépeﬂrg@cﬁﬁ?feﬁ maas,eidhe apgriure stop fopvards from the firstendat they sol i d
state zoo ' fi I~ RE AN LAY y Wwhi ch
o change EANg pRAFRIGS 1B pBREFsndten 3, thASpecTiRlig Ui fort] opydEiapaos

magni f i cais used toerefertodhatspaa® intfrontlof theefirsbpnd of theeviewing apparakusoinn
configuratio f zoQm .apparat us .ma e used in combination with the

Vi ewi ng awﬁk&?@é@}l@@?@'m&@@mﬁ%,'O#%& ded that it enables a user to zoom
in on their selected portion of the field of view. It is preferable for the

viewi ng apparatus to further conprise an aperture stop to 25 limt the size
of the entrejectingthe aperftutehstop fetwards o objgrt space crates enentradeapupiieousl| y
be provided within the zoom apparatys.if. e 1S being used. Providing the
opertur o 8 By distande et gae st eni of Hie wwing, B0etias. salsh ot high
zoom magnight ' ; sl ﬁ@m ' t he
aperture sebg%ﬁ%%;pﬁgg agﬁigg;ﬁggg“tithet ?%&ggnr&dl i ohlaﬁngéil1 gﬁtsérgpé)?'xé*gﬁpurt her fixed
f ocus 180 IRreferably dhisigntrancequpilowip rerhainestationaryadwingtbeeperatidneofitheabl e
optical elenents and the irraﬂe %ane., WD, 2008/ 003967 PCT/ GB2007/ 002501 10

viewing apparatus, even when the optical elements or zoom apparatus are being

moved. This may be achieved by careful selection of the geometry of the lenses

used.

15 The production of a stationary external entrance pupil enables the centre of the
field of view as imaged by the apparatus to be pivoted about the entrance pupil
using the moveable optical elements described above, thus allowing the
apparatus to scan across the maximum field of view.

20 This aspect of the present invention thus makes it particularly suitable for viewing
a subject through a hole in a barrier as described above. This is because the
external entrance pupil enables the size of the viewed image to be maximised
whilst avoiding any vignetting caused by the periphery of the hole in the barrier.
The forward projection of a real image of the aperture stop also reduces the

25  sensitivity of the image‘quality produced by the viewing apparatus to changes in
the size, shape and quality of the hole used. This is because the size of the
entrance pupil is limited by the image of the aperture stop that has been
projected forward by the optical relay apparatus, rather than by the hole itself.

30 Projection of the aperture stop forwards from the first end of the lens assembly
also allows the outermost extremity of the first end of the viewing apparatus to be
offset from the hole without suffering degradation in the image quality obtained. In



A further advantage provided by the invention is that the relay lons group
al so acts to(ﬁro;ect a real image of the aperture stop forwards fromthe
first end Y¥P 2048803367 ewi ng apparatus Into "object space". PFHGEIPE/002501
specification the term"object space” is used to refer to that space in
front of the first end of the view ngj apparatus in s which the subject being
viewed is located. Projecting the aperture stop forwards into object space
creates agtheRiolds R aliBiis!the Barfd 6t distarcebfthaityidnt 10 beiherBhsbdbed St end

of the view ng apparatus, sai entrance pupi| "acting to [imt the amount of
| i ght t hatestiis caniberachievad by dogating the viewing apparsdtys such thatdhe bplel inwi | |
remain stgti,onary. during the operation gf the, viewng .a ratus, even when
the opt i ce BaBREARd the exteinal aniance Rnl ae Substantialy CRBRaNE 1y be

achi eved i i i ed. is The
productioﬁy%t?%?g?i@?rﬂﬁg @thﬁgwgﬁgﬁ%ﬁgﬁ?wﬁ#gﬁ?e ttrtlﬂfcentre of the
field of enﬁan@esptu;niht‘gxmanis inte ohjestispacesby a distapee in the rabgetof 2o 4nt r ance
pupi | USiﬁﬂ t he noveabl e optical elenents described above, thus all ow ng
the appar JH@EESscan across the maxi num field of view 20 This aspect of

t he present invention thus makes it particularly suitable for viewwing a

subject through a hole in a barrier as described_above. This is because the
ext ernal dhetwlein thedarrienmalydse ohanyshapeodr sive Thewize ohthedaleisia maxi mi sed

i 1%, BB By o4 o Vo B R b o 1,
reducgs tifag® ah@nsay fﬁéréiibrr]é’foe_ttﬁﬁoféﬂﬁggr&ﬁéé bbﬂnﬂh?ﬂéﬁ?ﬁrtlﬁﬁcé Hfthg! ew ng

apparatus to changes in e size, shape and quality o e hole used. This
i s becaus patticallasicompoinents: usedt iHawewerdtiwill be redognisecthaythenpresemlye of t he

Appar at us aREG Pos 1S a7ARiagS IBhEfetiacd B OHaIniR BTMERREBIEY (o

stop for whffits, MEERRIVE td tHes$iz8 AMdhapBof e hossenbly al so al'l ows the
outernost extremty of the first end of the view ng apparatus to be

15 In order to provide effective imaging in typical ambient conditions and to reduce
adverse effects on the imagery of the viewing apparatus - such as vignetting of
the viewed image — it has been found that the hole may advantageously have a
diameter which provides a relative aperture in the range of F/7 to F/12.
Nevertheless in bright conditions, such as a sunny summer’s day a relative

20  aperture of F/15 may be used. For the purpose of the present invention,
‘diameter’ is defined as the size of the minor axis of the hole. It has been found
that a hole with a diameter in the range of 0.8 to 1.0 millimetres may usefully be
employed to provide good quality imagery whilst minimising the impact of making
the hole in the barrier. In very bright conditions the diameter of the hole can be

25 reduced even further, to be as small as 0.3 millimetres.

As mentioned above the viewing apparatus may have a field of view of up to

180°. However it should be noted that the maximum stand off distance

achievable by the viewing apparatus will be reduced as the maximum field of
30 view is increased.



offset fromthe hole wi thout suffering degradation in the imge quality

obt ai ned. I n WO 2008/ 003967 PCT/ GB2007/ 002501 11 other words It allows the
stand of f WOt the systemto be increased. Good FE&EI(FRR0UESY

achi eved by | ocating the view ng apparatus such that the hole In the
barrier and the external entrance pup2l are substantially coincident.

Preferably, the view ng apparatus of the present invention wll project the
5 entrancByfydy of éﬁyﬂﬁédﬁn'e%l?odihieﬁ%fﬁms@m ;g Qﬁtﬁrﬁ%@@gLéB fdresbnge of 2
to 4 millimerres, hole in the barrier ape or size. The

si ze of tauwﬁdlaacesameramwaiedcbehindmhelg iorel lyamgarwﬂbnowgmdmhedlvu ty of
t he nmeans edtor eive,t 1 O e and,may therefore be tailored to

provi de oﬁé?ﬁ?m’%@f’ ?r?&%%%{]%?‘ %‘?‘?Wm%"% ?%M‘%h ‘used. However it
wi |l be recognised that the present invention has the advantage that the
I mage quality obtained is, within usable limts, insensitive to the size
and sh#pe Figure Heshows:a crass seaho:menewmfprcameraaa‘pmdhe\mesmtgnvg\tlom t ypi cal

anbi ent conditions and to reduce adverse effects on the Inagery of the
vi ewi ng apparatus - such as vignetting of the viewed inmage - it has been

found t haFigig dstidind@seatid erastesiiion VIS of the EUrABRI 6f Fighite neigprégﬁ@s a

rel ative aperture in the range of F!'7 to F/12. Nevert hel

condi t i on#he efiect of selative:movetoemt=0f twodqoups otlens ielements thgtecompese)the=/ 15 may
be used. 5-86 theQé‘)' @&ose of the present invention, “diameter' is defined as
t he size PHAPRATARE- axis of the hole. It has been found that a hole with
a dianggter in the range of 0.8 to 1.0 mllinetres may usefully be enployed
to provide good quality inmagery whilst mninising the inpact of making the
hol e i n t irigurard shows anthivd crossrsemionadew iof theneamea ofi Rigoted , displayinghol e can

above ¢ ne 8 BUEHGP! apiAblel el or . Biel Whern BReyiccl Wil /665 msbSmBR ' O

A camera (1) comprises a lens assembly (2) located within a housing (3). The

15 lens assembly (2) has an optical axis (4). In use, the camera is located behind a
barrier (5), with the camera (1) having a standoff distance (S) in this embodiment
of 2 millimetres. The barrier incorporates a hole (6) having a diameter in this
embodiment of approximately 1mm. The lens assembly (2) comprises a relay
lens group (7) located at the first end (8) of the camera (1). This relay lens group

20 (7) comprises a Keplerian telescope type lens configuration and acts to focus the
light at an internal focal plane and then to substantially but not fully collimate the
light such that the rays exiting the relay lens group (7) are quasi-collimated. The
numerical aperture of the light exiting the relay lens group (7) in this embodiment
of the invention is approximately 0.025. The relay lens group (7) therefore

25  conditions the light beam so that the subsequent optical elements in the
apparatus may be made more compact. This conditioned light leaving the relay
lens group (7) then enters a Risley prism (9). The Risley prism (9) comprises two
separate wedge prisms (10, 11). The two wedge prisms (10, 11) being rotatable
either together or independently relative to one another in order to redirect rays of

30 light entering the lens assembly (2) from anywhere within the field of view (15) of
the lens assembly (2) such that the field of view (15) may be moved. Each of
these wedge prismé (10, 11) are comprised of two further optical elements



1800. However it should be noted that the maxi num stand off distance

achi evabl e by the view ng apparatus wll be reduced as the maxinumfield of
30 view i &Qﬁ@?@%{’@%. WO 2008/ 003967 PCT/ GB2007/ 002501 RET/EB2043A02591
exanpl e, an enbodi ment of the present Invention, adapted for use in a
surveill ance camera | ocated behind g3hole in a barrier will now be
described. Reference will be nmade to the acconpanyi ng drawi ngs, in which: 5

Figure 1 Af@@,‘ﬂ@bai 13 D) HRER ) 'dmsavwcqetﬁeﬁﬁggg@ 18 %o the {W? eeRgn!

i nventio Figlre ows a second 0SS S lon View o anera of
Fi gure 1 prisimsp{18yildyandiace édrivad obrinateriads havingwlifferent reffactive indexessn of | ens

Sect i on Ardel torrelige e rcuriad of AlEThalions., Tha,Bhg Ssserolf G tuthsr o1 a1 ve
Cati D ) : s . 1
ot | SoSimitisBs Rordiapharge (18P Ravth Mo gréid EMiEndsiiiohts (128, P12 ()
assenBl y wiigh aze moveaple refativextiogch) othenalosg the opticalraxisai(4)s Uemsagrodp behi nd a

b ' ith th hayi t andof f. di st S) in thi
D et o) B 00 5Bl o i B POl s 08 5 o) "o S
di anet er jdaptéd fo cofOGHnYERMAAINgREYeEHRS MitvoducBlbyihe roRi}SieAs g%’ﬂﬂ y (2)
conprises a relay lens group (/) located at the first end (8 I the camera
(1). Thi 47) er the Risley prisio {9 dens)groupi 2k)ef the Repmaapparatus (éeéope type |ens
fi tl d.agts to f t h ioght at,.an i .nal__focal, pl d
Cont U o] 55 3o R 1590 68 ot O S5 e b O3
exi ting ti§prépbad fbﬂﬁérdghtw&lg'bt@ SC VIH ¥4 rgY IenSitp (F)h orafts | cal

r
aperture o? tthe light exitin e relay lens group (7) I1n this enbodi nent
of the i nweducea statienasy externakentrancemupiltodinmittheyameust ofrligit that)mayer ef or e

25 condi {4,485 i nb 2S8omB(3)“Pnb Baindrd 1 W BREHE oisthb 15 the PORTRT'E " 1"
the barrier (5) such that the external entrance pupil substantially coincides with
the hole (6) in order to prevent any negative impact on the image quality due to
15 the shape or quality of the hole (6). The camera is further located relative to the
hole (6) such that a subject (14) is situated within the field of view (15) of the lens
assembly (2).

Figures 1 to 3 shows the passage of an incident ray (16) from the subject (14) as

20 it progresses through the hole (6) in the barrier (5) and the lens assembly (2) until
it is brought into focus on an image receiving apparatus (17) - in this case an
imaging sensor - located at the second end (1 8) of the camera (1) behind the
lens assembly (2). Figure 2 shows the effect of relative movement of the two
groups of elements (12a, 12b) that comprise the zoom apparatus (12) on the

25 incident ray (16). As can be seen from Figures 1 and 2, the subject (14) is
located on the optical axis (4), i.e. the subject is located at the centre of the field
of view (15). Figure 3 shows relative rotation of the two wedge prisms (10, 11)
which comprise the Risley prism (9) leading to the subject (14), which is now
located away from the centre of the field of view, being apparently brought to the

30 centre of the viewed image thereby enabling the subject to be enlarged or
reduced in size through actuation of the zoom apparatus (12).



apparatus may be made nore conpact. This conditioned |ight |eaving the relay
| ens group (7) then enters a Risley prism(9). The Risley prism(9)

conpri ses“;d/\%] ate wedge prisns (10, 11). The two vwgedg } (10, 11)
bei ng rotata se@(ﬁgﬁ her together or independently relative tégﬂ{())z/g&g%lot her in
order to redirect rays of 30 light entering the | ens assenbly (2) from
anywhere within the field of view (1@) of the lens assenbly (2) such that
the field of view (15) may be noved. Each of these wedge prisnms (10, 11)
are conpit witlkhetinderstéad tHat theopxample désanibedabate 200ssHa@ebithe

(o1 or m EHBVITRS haecarippiconerenodiien bt kinkbinbg of i Biodfook g
di fferentbé@éﬁsﬁg}%d’ﬁs ii@gmle;@?g)gr(ﬁqﬁe I’@?hﬁmce the occurrence of

aberrations. T ens furt conprises a zoom apparatus (12)
having two groups of |lens elements (12a, 12b) s which are noveable relative

to each h al. o t he, opti axis (4).. Lens..grou 12a f the zoom
appar at u(s]E Wﬁ%e h&fﬂgefé@dsf@eﬂﬁﬁ%%ﬁﬁﬁ?&ghéh§ S@P&Gigaﬁﬂ'ﬁ dﬁéﬂ%‘g‘ﬁed to correct
any remaigj lePRSd | : i t he

Ri sl ey prﬁﬁﬁ?g@%r&g% gr oggﬁ%?gg; o{hpﬁ%ﬁgsogfnhgﬁ)%r tt’Jgé ?él%h"‘%h" rtionally
i ncl udes also beeapplied thraygholBihe @lecttainagnetiespéctium sfoaprampleewithop (13) io
is projected forward into ,ohject space via the relay lens group (7) in order
to pr odJ@épgcgtpdf‘{rﬁﬂﬁaia@'ﬁﬁé’r"ﬂaI entrance pupil to linit the anount of
light that may enter the lens assenbly (2). The canera (1) Is situated
relative to the hole (6) in the barrier (5) such that the external entrance
pupi | substantially coincides with the hole (6) in order to prevent any
negative inpact on the inage quality due to is the shape or quality of the
hole (6). The canera is further |ocated relative to the hole (6) such that
a subject (14) is situated within the field of view (15) of the |ens

assenbly (2). Figures 1 to 3 shows the passage of an incident ray (16) from
t he subject (14) as




20 it progresses through the hole (6) in the barrier (5) and the |ens
assenbly (2) until it is brought into focus on an inage receiving apparatus
(17) - in this case an imaging sensor - |ocated at the second end (18) of
the canera (1) behind the Iens assenbly (2). Figure 2 shows the effect of
rel ati ve novenent of the two groups of elenments (12a, 12b) that conprise
the zoom apparatus (12) on the 25 incident ray (16). As can be seen from
Figures 1 and 2, the subject (14) is 1bocated on the optical axis (4), i.e.
the subject is located at the centre of the field of view (15). Figure 3
shows rel at iCLAIKAS ati on of the two wedge prisns (10, 11) which conprise the
Risley prism(9) leading to the subject (14), which is now | ocated away
fromthe centre of the field of view, being apparently brought to the 30

centre of tRe Vi aWislyin aHIGé EQMgfigiﬁﬁ'a'fﬁgt éﬁlﬁ(ﬂ%ﬁ’dr@&éwn&@ é§\§dé‘ﬁl'l hped or

reduced in size throug tuati1on e zoom appar at us 008/ 003967
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wthin a fi elhflweﬁwng wpa(réﬁ)s ngatﬂ dbm(rMeﬂsbmf hﬁﬂatt mewlewimgeappaiatussseﬂ imge 5
on an i mage pl ane at cond en 1 t e pparatus, the view ng
bparat w8t GPTREseS 8 16ley TRSToHB (Bl atibe B1ss g4l Siohe HawIas AREREHS, be. moved
SO operable in use to condition the light such that it is non-collimated to a pre-

determined degree prior to it being incident on the one or more optical elements.

2. A viewing apparatus as claimed in claim 1, characterised in that, the relay
15 lens group (7) has a numerical aperture of less than or equal to 0.03.

3. A viewing apparatus as claimed in claim 1, characterised in that, the relay
lens group (7) has a numerical aperture in the range from 0.017 to 0.03.

20 4. A viewing apparatus as claimed in claim 1, characterised in that, the relay
lens group (7) has a numerical aperture in the range from 0.022 to 0.028.

5. A viewing apparatus as claimed in any preceding ciaim, characterised in
that, the viewing apparatus comprises a conditioning lens or group of lenses

25 (12a) located in use between the one or more optical elements and the second
end (18) of the viewing apparatus and adapted such that in use it compensates
for any aberrations introduced by the relay lens group (7) or the one or more
optical elements.

30



that |ight fromanywhere within the field of view of the view ng apparatus
can be redirected to the optical axis (4) thus noving the field of view

(15) without nmoving the view ng apparatus itself, characterised in that,

the view ng apparatus ,0 conprises a relay lens group (7) at the first end
(8) of the viewi ng apparatus operable in use to condition the |ight such
that it is non-collinated to a pre- term ned degree prior to it being

i ncident on the one or nore optical enents. 2. A view ng apparatus as

clainmed in_claim]l, characterised jn that, the relay,is |lens gro (7) has a
nunerical 8per tAVEWIRG pERAralYRAS ¢al Qla"lycp@?%'f‘gﬁya"ﬂ' W%ﬁﬁ:tﬁgs%cgg‘ar atus as

clainmed in LW i r}ﬁ{?g .Iﬁ‘ﬂ’%i t oup (7) has a
nuneri cal g%éﬁdlﬁ'éwﬁnﬁ t e?étgélge rrg%nﬁ?@%s]atzgsgf%)ﬁ %todsjﬁ‘ﬁ)Aﬁ:\"r” ew ng
appar at us amgoifyingrthe imagel being vYiewedar acterised in that, the relay |ens

group (7) has a nunmerical aperture in the range from0.022 to 0.028. 5. A
Vi ewi ng apparatus as clainmed in any preceding claim characterised in that,

the viewi ng, appnwv\nﬁ%aga&rait@seés SlametflintdI@if 6. CHapatefdediinanat #f | enses 25
(12a) located in use between the one or nore optical elenments and the second

end (18) o€ondioninglens@r e ofleasesid 2a)iars: ipeorpaated imthej zpoms apparatus
conpensat eﬁ for any aberrations introduced by the relay |ens group (7) or

t he one or r?&'re optical elenments. 30 16 6. A view ng apparatus as cl ai ned
in any preceding claim characterised in that the view ng apparatus further
conpri ses zoom apparatus (12) for nmgnifying the imge being viewed. s 7.
A vi ewi ng 8ppar tvlﬂ""é&aepﬁ'ia&&%%ﬁ ¢latmeq Fr\%t,heéﬁfag'é@ﬂ @ﬂrgegh?rﬁi‘cfer{%!’dé“

condi ti)gni pat t é)g ' lbfmehfd® zoom
ppar ats. LU Eg gomA.(12) EBTBRa0S B oftnBre BRPEGI RibleBehE Fv6. or
7, char act €%Zas 42b) and is operable by linear relative movement between the two or more

groups.

9. A viewing apparatus as claimed in either of claims 6 or 7, characterised in
15 that, the zoom apparatus (12) comprises a solid state zoom lens.

10. A viewing apparatus as claimed in any one of claims 6 to 9, characterised
in that the zoom apparatus (12) is detachable.

20 11.  Aviewing apparatus as claimed in any preceding claim, characterised in
that the one or more optical elements comprise one or more Risley prisms (9).

12. A viewing apparatus as claimed in claim 11, characterised in that at least
one of the wedge prisms (10, 11) comprising at least one of the Risley prisms (9)

25 comprises two or more elements (10a, 10b, 11a, 11b), each element formed from
a material of different refractive index, the elements being arranged in use so as
to substantially compensate for any chromatic aberrations introduced by the use
of quasi-collimated light.

30 13. A viewing apparatus as claimed in any of claims 1 to 10, characterised in
that the one or more optical elements comprise one or more mirrors.



o that the zoom apparatus (12) conprises two or nore groups of |ens

el ements (12a, 12b) and is operable by linear relative novenent between the
two or nore groups. 9. A view ng apparatus as clainmed in either of clains 6
or 7, characterised in 15 that, the zoom apparatus (12) conprises a solid
state zoomlens. 10. A view ng apparatus as clainmed in any one of clains 6
to 9, characterised in that the zoonappar at us (12) is detachable. 20 11. A
Vi ew ng appar atus as cIained in any preceding claim characterised in that

th ti | t 9).
120 A vi oi T adbapiererios ok ciamRe f Any PlerSoirRidinl chaBeudtsed ¢ °L;
| east one thht thBgeNLakERnibly RES afiblt ofview P 0Pt 3807 at | east one of the
Risley prisns (9) 25 conprises two or nore elenents (1 Ga, 10b, 11| a, 11

b), each el enent forned from a rraterlal of different refractive index, the

el ements bejg Qrm:qda ' ; or any
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13. A vmvmthgtﬂnpmvat\gapparahmacdmﬁlses amgparturelstopn@ 3] to 10, char acterl sed

in that the one or nore optical elenents conprise one or nore mrrors. 17
14. A viewi ng apparatus as clained in any preceding claim characterised in

that the |efs ayseBRing Qﬂa%ré’tug'a@.'dl'alﬁfed%%I@iuﬁf15UEhérﬁct'b$i§ed1r5tha4\thé ew ng
apparatus as clainmed i'n-any preceding claim characterised in s that the

vi ewi ng apprestuie stoprta) isgrovidedpithing zoem@ppanays (183. A vi ewi ng appar at us
as claimed in claim15, characterised in that the aperture stop (13) is
provided wi thin a zoom apparatus (12). io 17. A view ng apparatus as cl ai med

in claiml3ar A dewingapparatusaisaiaited inglairmhidor dldim 16/ charactevisedriaup (7) is
operable in use to project a real image of the aperture stop (t13) f orwar ds

fromthe fithatk ?@@lqssl)ensgrqqkm iopara l&;jwﬁaﬁ%rqwm@ real image of th
aperture stop (13) forwards from the first end (8) of the viewing apparatus into

object space thus producing an external entrance pupil.

15 18. A viewing apparatus as claimed in claim 17, characterised in that in use
the real image of the aperture stop (13) remains stationary relative to the viewing
apparatus.

19.  Aviewing apparatus as claimed in claim 17 or claim 18, characterised in

20 that the real image of the aperture stop (13) is projected forward to produce an
entrance pupil at a distance in the range of 2 to 4 millimetres from the first end (8)
of the viewing apparatus.

20. A viewing apparatus as claimed in any of claims 17 to 19, characterised in

25 that, the viewing apparatus is in use contained within a housing (3), said housing
(3) having a hole (6) therein, the viewing apparatus being arranged in the housing
(3) such that the real image of the aperture stop (13) projected by the relay lens
group (7) is substantially coincident with the hole (6).

30 21. A method of viewing a subject through a hole (6) comprising use of the
apparatus of any of claims 17 to 19 the apparatus being arranged such that the



obj ect space thus producing an external entrance pupil. is 18. A view ng
apparatus as clained in claim17, characterlsed in that in use the real

i mge of the aperture stop (13) remains stationary relative to the view ng
apparatus. 19. A viewi ng apparatus as claimed in claim 17 or claim18,
characterised in 20 that the real image of the aperture stop (13) is
projected forward to produce an entrance pupil at a distance in the range
of 2to 4 mllinmetres fromthe first 1@nd (8) of the view ng apparatus. 20.
A view ng apparatus as clainmed in any of clains 17 to 19, characterised in
25 that, _theaMh@\jbwwaﬁérmru%topﬁgsmtmws profdcled Rsiwifdsbytha rbraysi ng (3),
said housing (3) havi n? a hole (B6) therein, the view ng apparatus being
arranged i rapPaEatugisssubstantially eoipeidentwith the hale 6) nage of the aperture stop
(13) projected by the relay lens group (7) is substantially coincident with
the hole (6). 30 21. A nmethod of viewing a subject through a hole (6)

conpri si ng 2&5e & mettwd agpglaintddin ary climn 21, chiaraoterised ih thatdhe holegfphasit us

bei ng arra%&d such that the &8 re_ﬁd i mage of the aperture stop (13) that

i s proj ect éhdiggielerindne,anggd-? ko Amiligele 5t us is substantially coi nci dent
with the hole (6). 22. A nmethod as clained in any claim 21, characterised in
that the hole (6) has s a dianeter in the range 0.3 to 1 mllinetre. 23. A
met hod as 2&i nédmethwidaodaimed>daint Bhioa 2 echaracterised inthat the Hole (6)( 6)

produces ap;rgtljt?ée'svaereﬁlevretau;{eertu'ren inttpwg rgr?gnegﬁlf t/o7F/Ilg. F/15. 10 15 20 25 30
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