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Description

[0001] The present invention relates generally to bo-
rescopes and endoscopes, which are well-known opti-
cal devices for viewing objects at remote orinaccessible
locations. Borescopes and endoscopes usually incorpo-
rate means to illuminate the field of view. This typically
consists of a bundle of optical fibres for transmitting light
from a light source, located externally of the device,
through the device and out of an illumination port. The
present invention relates to an improved means of pro-
viding illumination of the field of view.

[0002] WO95/15060 discloses an illumination system
for an endoscope comprising an annular array of indi-
vidual LEDs each in a reflector cup. The array may be
mounted at the proximal end of the endoscope with op-
tical fibres extending along a sheath to the distal end of
the endoscope.

[0003] The present invention provides apparatus for
use as a borescope or endoscope for viewing an object
at a remote or inaccessible location, comprising a tube
having a proximal end and a distal end, means in the
tube for obtaining an image of an object and transmitting
it to a viewing device, and illumination means compris-
ing a plurality of optical fibres for transmitting light
through the tube from the proximal end to the distal end,
the fibres arranged in annular form and presenting an
annular end face at the proximal end of the tube, where-
in the illumination means further comprises an annular
array of light emitting diodes (LEDs) mounted on a sub-
strate and encased in a common protective shield of op-
tically clear material and positioned at the proximal end
of the tube facing the annular end face of the fibres, and
an annular light pipe is positioned between the annular
array and the annular end face for transmitting light from
the array to the optical fibres.

[0004] In this way, an external light source and a con-
ventional light guide for transmitting its light to a bundle
of optical fibres in the tube is unnecessary. This greatly
reduces the light losses, ensuring that more of the light
from the light source is available to illuminate the field
of view.

[0005] The protective shield may be shaped so as to
form a lens to focus light produced by the LEDs.
[0006] Alternatively, a separate lens may be posi-
tioned in front of the array in order to focus light pro-
duced by the light emitting diodes.

[0007] The distal end of the light pipe may be shaped
to form a lens to focus light onto the end face of the fi-
bres.

[0008] Alternatively, a separate lens may be posi-
tioned between the light pipe and the end face of the
optical fibres.

[0009] Cooling means may be provided to dissipate
any heat produced by the array of LEDs.

[0010] The LEDs may emit white light. Alternatively,
they may emit blue light, in which case the protective
shield preferably incorporates white or yellow phosphor,
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whereby the array as a whole provides white light.
[0011] Alternatively, the array may comprise a plural-
ity of differently coloured LEDs operable in continuation
to produce white light.

[0012] In particular, the array may comprise a mixture
of LEDs operable to produce red, green or blue light and
means to operate the LEDs so as to provide light which
sequentially alternates between red, green and blue.
[0013] In further alternative embodiments, the LEDs
may produce infra red light or ultraviolet light.

[0014] Preferably, the array includes at least fifty
LEDs, and more preferably at least eighty LEDs.
[0015] If the array is provided at the proximal end of
the tube, it may be incorporated in an assembly which
is detachable from the tube.

[0016] The invention will now be described in detail,
by way of example only, with reference to the accompa-
nying drawings in which Figures 7-9 show embodiments
of the invention and Figures 1-6, 10 and 11 are included
for explanatory purposes.

Figure 1 illustrates in cross section part of an array
of LEDs;

Figure 2 illustrates a side and end view of a first ar-
ray at the distal end of a horescope or endoscope;

Figure 3 illustrates a perspective view of a second
array at the distal end;

Figure 4 illustrates a side and end view of a third
array at the distal end;

Figure 5 illustrates a side and end view of a fourth
array at the distal end;

Figure 6 illustrates a perspective view of a fifth array
at the proximal end of the borescope or endoscope;

Figure 7 illustrates a cross sectional view of a first
embodiment of the invention, with the array at the
proximal end;

Figure 8 illustrates a cross sectional view of a sec-
ond embodiment of the invention, with the array at
the proximal end;

Figure 9 illustrates a cross sectional view of a third
embodiment of the invention, with the array at the
proximal end;

Figure 10 illustrates a cross sectional view of a
fourth embodiment of the invention, with the array
at the proximal end;

Figure 11 illustrates a cross sectional view of an al-
ternative array at the proximal end.
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[0017] A typical borescope or endoscope comprises
a tube, which may be rigid or flexible, having a distal end
which is inserted in use into, for example, a machine or
a human body. A viewing port is provided in the distal
end of the tube through which an object may be viewed.
An optical train may be provided in the tube for transfer-
ring an image of the object from the distal end to the
proximal end. An ocular assembly at the proximal end
focuses the image onto the eye of an observer or onto
a camera attachment for display on a screen. Alterna-
tively, an image to video conversion device, such as a
CCD chip may be provided in the distal end of the tube,
with appropriate wiring passing from the chip along the
tube.

[0018] To enable viewing of the object, it is usually
necessary to provide some form of illumination.
Typically, this consists of a bundle of optical fibres run-
ning through the tube to an illumination port adjacent the
viewing port.

[0019] In conventional horoscopes or endoscopes,
the bundle of optical fibres runs down one side of the
insertion tube, with an optical train extending down the
other side of the tube, both being eccentric to the longi-
tudinal axis of the tube. An external light source is con-
nected to the bundle of optical fibres by means of a light
guide. In conventional orbital scan scopes in which the
insertion tube is rotatable about its longitudinal axis, this
arrangement can lead to misalignment of the light guide
with the optical bundle during rotation.

[0020] The external light source is typically a conven-
tional high wattage bulb producing very bright light and
a light guide for transmitting this light into the scope and
to the optical fibres. Because the bulb is linked to the
optical fibres by a conventional light guide there can be
light losses of up to 70%, dramatically reducing the illu-
mination available at the distal end of the scope.
[0021] The present invention employs an alternative
light source within the borescope or endoscope, to avoid
the need for an external light source and light guide. In
particular, the present invention employs a dense array
of light emitting diodes (LEDs) as the light source.
[0022] Conventionally, an LED is thought of as a tiny
silicon chip with metal connections which is encapsulat-
ed in a clear epoxy substance to provide a lens. In the
present invention, in order to increase the density of
LEDs which can be mounted on a substrate, a stripped
down version of an LED is used, as illustrated in Figure
1. This is essentially the LED chip 10 without the epoxy
encapsulation. These LED chips 10 are mounted on a
ceramic substrate 12 by means of a thermally and elec-
trically conductive glue 14 which serves as one of the
connections for the LED chip 10. A gold bond wire 16 is
attached to the top of each LED chip 10 and connected
with gold circuit tracks (not shown) on the substrate 12
to provide the other connection for the LED chip 10.
[0023] A protective layer 18 of optically clear glue
such as epoxy is then provided to cover all of the LED
chips 10 mounted on the same substrate.
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[0024] In Figure 2, here, an array 20 of LED chips 10
is provided at the distal end of the insertion tube 22 of
a borescope or endoscope 24, adjacent to the viewing
port 26. In this example, the scope 24 is a lateral viewing
scope in which the field of view is to the side and thus
the LED array 20 is also arranged to direct light to the
side. It will be apparent that, although the array 20 is
shown positioned distally of the viewing port 26 it could
also be positioned proximally.

[0025] To dissipate any heat generated by the array
20, a heat sink and cooling means, such as fins (not
shown) may be provided on the substrate 12 of the array
20 and/or a portion 28 of the insertion tube 22 on which
the substrate 12 itself is mounted.

[0026] In a second arrangement shown in Figure 3 a
forward viewing scope 24 is provided with a viewing port
26 providing a field of view in the direction of the longi-
tudinal axis of the insertion tube 22. In this case, the
LED array 20 may conveniently be in annular form, sur-
rounding the viewing port 26.

[0027] It may be desirable to focus the light produced
by the array 20. Focussing can be achieved in a number
of ways. As shown in Figure 4, the protective layer of
optically clear glue 18 which covers the LED chips 10
may be shaped to act as a lens 30.

[0028] Alternatively, as shown in Figure 5, a separate
lens 32 may be provided in front of the array 20. Al-
though notillustrated, either of these focussing methods
can be incorporated in the forward viewing arrangement
as shown in Figure 3.

[0029] Insome cases, it may be preferred not to place
the array 20 at the distal end of the scope 24 but at the
proximal end. One example of such an arrangement is
illustrated in Figure 6 which shows the proximal end of
scope 24. In this arrangement, an optical train 34, e.g.
a series of lenses, transmits an image from the distal
end (not shown) of the scope 24 to the proximal end and
onto, in this case, a camera attachment 36 (or an eye-
piece assembly for direct viewing).

[0030] To illuminate the field of view, a bundle of op-
tical fibres 40 is provided in annular form extending
along the scope 24 surrounding and concentric with the
optical train 34. Thus, the fibres present an annular end
face 38 at the proximal end of the scope 24. To provide
illumination, an annular LED array is provided adjacent
to the end face 38. As shown, the substrate 12 of the
array 20 is also annular to allow the camera attachment
36 or eyepiece components etc to be positioned aligned
with the optical train 34.

[0031] In the present invention, an annular light pipe
42 is provided between the array 20 and the end face
38 as shown in Figure 7 to collect light produced by the
array 20 and transmit it to the fibres 40. Figure 7 (and
Figures 8-11) shows one side of the proximal end of the
scope, the other side corresponding so as to be sym-
metrical about the longitudinal axis X-X of the tube 22.
Alight pipe 42 usually consists of a hollow tube of optical
grade material such as plastic or glass which transmits
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light with very few losses due to total internal reflection.
[0032] The distal end of the light pipe 42 may be
shaped to form a lens 44 as seen in Figure 8, in order
to focus the light onto the end face 38 of the fibres. Al-
ternatively, a separate focussing ring lens 32 may be
provided between the light pipe 42 and the end face 38
as seen in Figure 9.

[0033] As another alternative, the light pipe 42 may
be dispensed with altogether and a separate ring lens
32 alone may be provided between the array 20 and the
end face 38 as shown in Figure 10.

[0034] Another possibility is for the protective layer 18
of the array 20 to be shaped so as to form a focussing
lens 30, as shown in Figure 11.

[0035] In the arrangements of Figures 6-11, the LED
chips 10 are typically arranged in a single circle with the
diameter of a circle running through the centres of the
chips in the order of 15 mm. The array preferably in-
cludes at least 50 and more preferably between 80 and
90 LEDs. Each LED chip 10 is typically in the order of
0.3 mm sq.

[0036] The LED chips 10 used in the array 20 may be
those which emit white light from the semi-conductor it-
self. Alternatively, LED chips 10 which produce blue light
can be used, in which case white or yellow phosphor is
incorporated in the protective shield 18 with the result
that the white light is emitted from the array 20 overall.
[0037] Itis also possible to use a mixture of red, green
and blue LEDs on the same substrate 12 which act in
combination to provide white light from the array 20 as
a whole. Using red, green and blue LEDs also provides
the possibility of strobing the light. In some conventional
endoscope systems it is known to use a white light
source with a rotating filter wheel carrying red, green
and blue filters positioned between the light source and
the optical fibres. The result is that light transmitted from
the end of the scope over the field of view alternates
between red, green and blue. A monochrome camera
is then used to gather an image of the field of view and
a special processor converts the picture provided by the
camera into colour. This known arrangement provides
very high resolution pictures with good colour, but re-
quires sufficient space to accommodate the filter wheel
and motor as well as complicated synchronisation cir-
cuitry. It is therefore relatively expensive.

[0038] In the present invention, the filter wheel, drive
motor and synchronisation circuitry can be avoided by
using red, green and blue LEDs which are strobed, i.e.
operated sequentially, typically about 50 Hz, by a spe-
cialised power supply system. As before, this provides
alternating red, green and blue light at the distal end of
the scope and a monochrome camera and suitable
processor can be used to provide full colour images.
This arrangement is cheaper and more compact than
the prior art and usually produce better colours and res-
olution than a system using white light and a colour im-
ager.

[0039] Other types LED could also be employed. For
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example, LED chips 10 producing infra red light could
be used to form a type of thermal image with appropriate
specialised image equipment.

Alternatively, LED chips 10 producing ultraviolet light
could be employed to allow the use of the borescope or
endoscope in dye penetrant and magnetic particle test-
ing.

[0040] Inthose embodiments in which the array 20 is
provided at the proximal end of the scope, the array and
focussing lens or light pipe etc may be included as an
integral part of the scope 24. Alternatively, they may be
provided as components in a separate module which is
detachable from the scope 24 as required.

[0041] As those skilled in the art will appreciate, the
present invention provides an improved arrangement
for providing illumination via a borescope or endoscope,
which reduces light losses, is very compact and does
not interfere with positioning of the other components in
the scope. It will be apparent that a number of variations
and modifications may be made to the particular embod-
iments described, without departing from the scope of
the present invention.

Claims

1. Apparatus for use as a borescope or endoscope
(24) for viewing an object at a remote or inaccessi-
ble location, comprising a tube (22) having a prox-
imal end and a distal end, means in the tube (22)
for obtaining an image of an object and transmitting
it to a viewing device, and illumination means com-
prising a plurality of optical fibres (40) for transmit-
ting light through the tube (22) from the proximal
end to the distal end, the fibres (40) arranged in an-
nular form and presenting an annular end face (38)
at the proximal end of the tube (22), wherein the
illumination means further comprises an annular ar-
ray (20) of light emitting diodes (LEDs)(10) mounted
on a substrate (12) and encased in a common pro-
tective shield (18) of optically clear material and po-
sitioned at the proximal end of the tube (22) facing
the annular end (38) face of the fibres, and an an-
nular light pipe (42) is positioned between the an-
nular array (20) and the annular end face (38) for
transmitting light from the array (20) to the optical
fibres (40).

2. Apparatus as claimed in any of claim 1, wherein the
protective shield (18) is shaped to form a lens (30)
to focus light produced by the LEDs (10).

3. Apparatus as claimed in claim 1 or claim 2, wherein
a lens (32) is positioned in front of the array (20) to
focus light produced by the LEDs(10).

4. Apparatus as claimed in claim 1, wherein the prox-
imal end of the light pipe (42) is shaped so as to
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form a lens (44) to focus light onto the end face (38)
of the fibres (40).

Apparatus as claimed in claim 1, wherein a sepa-
rate lens (32) positioned between the light pipe (42)
and the end face (38) of the fibres (40) to focus light
onto the end face (38).

Apparatus as claimed in any preceding claim, fur-
ther comprising cooling means to dissipate heat
produced by the array (20).

Apparatus as claimed in any preceding claim,
wherein the LEDs (10) emit white light.

Apparatus as claimed in any of claims 1-6, wherein
the LEDs (10) emit blue light and the protective
shield (18) incorporates white or yellow phosphor
whereby the array (20) produces white light.

Apparatus as claimed in any of claims 1-6, wherein
the array (30) comprises LEDs (10) emitting differ-
ent colours, operable in combination to produce
white light.

Apparatus as claimed in claim 9, wherein the array
(20) includes LEDs (10) operable to produce red,
green and blue light and means to operate the LEDs
(10) sequentially so as to provide light which se-
quentially alternates between red, green and blue.

Apparatus as claimed in any of claims 1-6 wherein
the LEDs (10) produce infra-red light.

Apparatus as claimed in any of claims 1-6 wherein
which the LEDs (10) produce ultra-violet light.

Apparatus as claimed in any preceding claim,
wherein the array (20) includes at least 50 LEDs
(10).

Apparatus as claimed in any preceding claim,
wherein the array (20) includes at least 80 LEDs
(10).

Apparatus as claimed in claim 1, wherein the array
(20) is incorporated in an assembly detachable from
the tube (22).

Patentanspriiche

1.

Vorrichtung zur Verwendung als Boreskop oder En-
doskop (24) zum Betrachten eines Objekts an einer
entfernten oder unzugénglichen Stelle, umfassend
ein Rohr (22) mit einem proximalen Ende und einem
distalen Ende. Mittel in dem Rohr (22), um ein Bild
eines Objekts zu erhalten und es zu einer Sichtvor-
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richtung zu Ubertragen, und Beleuchtungsmittel,
welche eine Vielzahl optischer Fasern (40) zum
Ubertragen von Licht durch das Rohr (22) vom pro-
ximalen Ende zum distalen Ende umfassen, wobei
die Fasern (40) ringférmig angeordnet sind und am
proximalen Ende des Rohrs (22) eine ringférmige
Endflache (38) prasentieren, wobei das Beleuch-
tungsmittel ferner eine ringférmige Anordnung (20)
von Licht emittierenden Dioden (LEDs) (10) um-
fasst, welche an einem Trager (12) angebracht
sind, von einem Ublichen Schutzschild (18) aus op-
tisch klarem Material umgeben sind und am proxi-
malen Ende des Rohrs (22) gegenlber der ringfor-
migen Endflache (38) der Fasern positioniert sind,
und wobei ein ringférmiger Lichtleiter (42) zwischen
der ringférmigen Anordnung (20) und der ringférmi-
gen Endflache (38) zum Ubertragen von Licht von
der Anordnung (20) zu den optischen Fasern (40)
positioniert ist.

Vorrichtung nach Anspruch 1, wobei der Schutz-
schild (18) zum Bilden einer Linse (30) gestattet ist,
um von den LEDs (10) erzeugtes Licht zu fokussie-
ren.

Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei eine Linse (32) vor der Anordnung (20) positio-
niert ist, um von den LEDs (10) erzeugtes Licht zu
fokussieren.

Vorrichtung nach Anspruch 1, wobei das proximale
Ende des Lichtleiters (42) zum Bilden einer Linse
(44) gestaltet ist, um Licht auf die Endflache (38)
der Fasern (40) zu fokussieren.

Vorrichtung nach Anspruch 1, wobei eine separate
Linse (32) zwischen dem Lichtleiter (42) und der
Endflache (38) der Fasern (40) positioniert ist, um
Licht auf die Endflache (38) zu fokussieren.

Vorrichtung nach einem der vorangehenden An-
spriiche, welche ferner Kiihimittel umfasst, um von
der Anordnung (20) erzeugte Warme abzufiihren.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die LEDs (10) weil3es Licht emittie-
ren.

Vorrichtung nach einem der Anspriiche 1-6, wobei
die LEDs (10) blaues Licht emittieren und der
Schutzschild (18) weien oder gelben Phosphor
umfasst, wodurch die Anordnung (20) weilRes Licht
erzeugt.

Vorrichtung nach einem der Anspriiche 1-6, wobei
die Anordnung (30) LEDs (10) umfasst, welche ver-
schiedene Farben emittieren und in Kombination
zum Erzeugen weilRen Lichts betreibbar sind.



10.

1.

12.

13.

14.

15.

9 EP 1241 975 B1

Vorrichtung nach Anspruch 9, wobei die Anordnung
(20) LEDs (10) umfasst, welche betreibbar sind, um
rotes, grines und blaues Licht zu erzeugen, und
Mittel zum sequenziellen Betreiben der LEDs (10)
zum Vorsehen von Licht, welches sequenziell zwi-
schen rot, griin und blau alterniert.

Vorrichtung nach einem der Anspriiche 1-6, wobei
die LEDs (10) infrarotes Licht erzeugen.

Vorrichtung nach einem der Anspriiche 1-6, wobei
die LEDs (10) ultraviolettes Licht erzeugen.

Vorrichtung nach einem der vorangehenden An-
spriche, wobei die Anordnung (20) wenigstens 50
LEDs (10) umfasst.

Vorrichtung nach einem der vorangehenden An-
spriiche, wobei die Anordnung (20) wenigstens 80
LEDs (10) umfasst.

Vorrichtung nach Anspruch 1, wobei die Anordnung
(20) in einem Bauteil integriert ist, welches von dem
Rohr (22) l16sbar ist.

Revendications

Appareil destiné a étre utilisé en tant qu'endoscope
(24) pour visualiser un objet situé a un emplace-
ment éloigné ou inaccessible, comprenant un tube
(22) ayant une extrémité proximale et une extrémité
distale, des moyens dans le tube (22) pour obtenir
une image d'un objet et la transmettre a un dispositif
de visualisation, et des moyens d'éclairage compre-
nant une pluralité de fibres optiques (40) pour trans-
mettre de la lumiére a travers le tube (22) depuis
I'extrémité proximale jusqu'a I'extrémité distale, les
fibres (40) étant agencées selon une forme annu-
laire et présentant une face d'extrémité annulaire
(38) au niveau de I'extrémité proximale du tube (22),
dans lequel les moyens d'éclairage comprennent
en outre un ensemble annulaire (20) de diodes
électroluminescentes (DEL) (10) montées sur un
substrat (12) et encastrées dans un blindage pro-
tecteur commun (16) en matériau optiquement
transparent et positionné au niveau de I'extrémité
proximale du tube (22) tournée vers la face d'extré-
mité annulaire (38) des fibres, et un conduit de lu-
miére annulaire (42) est positionné entre I'ensem-
ble annulaire (20) et la face d'extrémité annulaire
(38) pour transmettre la lumiére depuis I'ensemble
(20) jusqu'aux fibres optiques (40).

Appareil selon la revendication 1, dans lequel le
blindage protecteur (18) est fagonné pour former
une lentille (30) afin de focaliser la lumiére produite
par les DEL (10).
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Appareil selon la revendication 1 ou la revendica-
tion 2, dans lequel une lentille (32) est positionnée
devantl'ensemble (20) pour focaliser la lumiére pro-
duite par les DEL (10).

Appareil selon la revendication 1, dans lequel I'ex-
trémité proximale du conduit de lumiere (42) est fa-
connée de maniere a former une lentille (44) pour
focaliser la lumiére sur la face d'extrémité (38) des
fibres (40).

Appareil selon la revendication 1, dans lequel une
lentille distincte (32) est positionnée entre le conduit
de lumiere (42) et la face d'extrémité (38) des fibres
(40) pour focaliser la lumiére sur la face d'extrémité
(38).

Appareil selon I'une quelconque des revendications
précédentes, comprenant en outre des moyens re-
froidisseurs pour dissiper la chaleur produite par
I'ensemble (20).

Appareil selon I'une quelconque des revendications
précédentes, dans lequel les DEL (10) émettent
une lumiére blanche.

Appareil selon I'une quelconque des revendications
1a6, dans lequel les DEL (10) émettent une lumie-
re bleue et le blindage protecteur (18) incorpore du
phosphore blanc ou jaune, I'ensemble (20) produi-
sant une lumiére blanche.

Appareil selon I'une quelconque des revendications
1 a 6, dans lequel I'ensemble (30) comprend des
DEL (10) émettant différentes couleurs, qui peuvent
fonctionner de maniere combinée pour produire
une lumiere blanche.

Appareil selon la revendication 9, dans lequel I'en-
semble (20) inclut des DEL (10) pouvant fonction-
ner pour produire une lumiére rouge, verte et bleue
et des moyens pour faire fonctionner les DEL (10)
de maniére séquentielle afin de donner une lumiére
qui alterne de maniéere séquentielle entre le rouge,
le vert et le bleu.

Appareil selon I'une quelconque des revendications
1 a 6, dans lequel les DEL (10) produisent une lu-
miére infrarouge.

Appareil selon I'une quelconque des revendications
1 a 6, dans lequel les DEL (10) produisent une lu-
miére ultraviolette.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel I'ensemble (20) inclut au
moins 50 DEL (10).
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14. Appareil selon I'une quelconque des revendications
précédentes, dans lequel I'ensemble (20) inclut au
moins 80 DEL (10).

15. Appareil selon la revendication 1, dans lequel I'en-
semble (20) est incorporé dans un équipement dé-
tachable du tube (22).
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