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Description

[0001] The present invention relates to a borescope
which simultaneously provides a virtual image for direct
viewing by an observer and a video image viewing on a
display.

[0002] As used herein, the term borescope refers to
any form of optical instrument used to form an image of
an object at an inaccessible orinconvenient location and
to transmit the image to another more convenient loca-
tion for viewing. Such instruments are often referred to
by other names such as endoscope, fibrescope, video-
scope etc.

[0003] These instruments usually include an insertion
tube, which may be rigid or flexible, with a housing at
the proximal end. An objective lens system at the distal
end of the insertion tube forms an image of an object.
This is transmitted to the proximal end for viewing. Bo-
rescopes generally fall into two categories, that is those
including visual systems and those having video sys-
tems.

[0004] A visual system comprises three optical sec-
tions. First, an objective lens system is provided at the
distal end of the insertion tube. This may include a prism
arrangement to change the direction of view. The objec-
tive lens system forms an image of the object. Secondly,
a relay system is provided which transfers the image
from the distal end of the insertion tube to the proximal
end. This may be a train of lenses such as standard lens-
es, rod lenses or gradient index (GRIN) lenses, or a bun-
dle of optical fibres. Thirdly, an ocular lens system is pro-
vided in housing at the proximal end of the scope. This
takes the real image from the end of the relay system
and forms a virtual image for an observer's eye to view
at a comfortable distance away, typically one metre,
equivalent to -1 dioptre.

[0005] The benefits of a visual system include a high
resolution image, a high dynamic range, i.e. the ability
to see detail in both bright and dark areas of the image
at the same time, a high brightness image, portability,
lower cost and high temperature resistance of the inser-
tion tube.

[0006] Video systems also comprise an objective lens
system as in a visual scope, but in this case the image
is formed on an image-to-video converter, such as a
CCD (charge coupled device). The CCD turns the opti-
cal image into an electrical signal which can be passed
by cable to the proximal end of the scope. An image
processor is provided to process the video signal into a
form that can be viewed on a display, such as a monitor
screen.

[0007] The benefits of a video system include the abil-
ity to record and manipulate images and to display im-
ages on a screen and hence to have a large magnifica-
tion of the object under inspection and the ability for mul-
tiple viewers to see the image at the same time. It also
leads to a reduction in eye strain and a possible reduc-
tion in size of the housing of the scope, to allow the
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scope to be used in smaller spaces.
[0008] It is possible to attach a still or video camera
to the eyepiece of a visual borescope to convert the im-
age to a video signal. However, doing this removes the
ability to examine a visual image at the same time. This
also increases complexity and cost, and adapters are
required to connect the camera to the scope. The addi-
tional size of the camera and adapter can also limit the
usefulness of the scope in confined spaces.
[0009] The present invention provides an assembly
for a borescope, comprising a body having a distal end
for connection to an insertion tube and a proximal end
providing an eyepiece into which an observer may look,
the body containing a relay lens for receiving light from
a relay system in the insertion tube, an ocular lens for
creating a virtual image for viewing by an observer and
a beam splitter device mounted in the optical path be-
tween the relay lens and the ocular lens and operable
to divert a proportion of light received from the relay lens
to an image-to-video conversion device mounted later-
ally to the optical path, and wherein the ocular lens,
beam splitting device and image-to-video conversion
device are located in a common mounting translatable
in a direction parallel to the optical path to allow for fo-
cussing.
[0010] In this way, the advantages of visual and video
scopes can be achieved with a single, compact unit and
focussing can be achieved simultaneously for the visible
image path and for the video image path for different
working ranges of the scope.
[0011] Preferably, a collar is rotatably mounted on the
body and coupled to the common mounting such that
rotation of the collar causes translation of the mounting
in a direction parallel to the opt+

In a preferred embodiment, the beam splitter de-
vice is a beam splitter cube operable to divert a propor-
tion of light at substantially 90° to the optical path.
[0012] Conveniently, the beam splitter device is oper-
able to divert approximately 50% of light received to the
image-to-video conversion device.
[0013] Advantageously, the beam splitter device is
adjustable to alter the proportion of light diverted to the
image-to-video conversion device.
[0014] In one embodiment, the beam splitter device
comprises a first element operable to transmit all light
received from the relay lens along the optical path to the
ocularlens, a second element operable to transmit a first
proportion of light along the optical path and to divert a
second proportion of light to the image-to-video conver-
sion device and a third element operable to divert all the
light received to the image-to-video conversion device,
wherein the first, second and third elements are selec-
tively moveable to position one element at a time in the
optical path.
[0015] In this way, depending upon the application,
the user can select whether simultaneous visual and
video images are obtained or whether to optimise any
one form of image.
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[0016] Conveniently, the image-to-video conversion
device comprises CCD board camera which preferably
comprises a full digital signal processing means, for
compactness.

[0017] To accommodate use with borescopes that in-
clude a prism at the distal end of the insertion tube for
lateral viewing, the image-to-video conversion device
may be programmable to allow for correction of image
inversion.

[0018] Alternatively, the beam splitter device may be
configured to ensure an image received by the image-
to-video conversion device has been reflected an even
number of times.

[0019] Additionally, an inversion correction device
may be mounted in the body proximal to the ocular lens,
to ensure correction of the image viewed directly by an
observer.

[0020] To provide a clear defined edge to the image,
a field mask is mounted in the optical path at the location
of the final real image, between the last relay lens and
the beam splitter device.

[0021] The present invention also provides a bore-
scope comprising an insertion tube connected to an as-
sembly of the type described above.

[0022] The invention will now be described in detail,
by way of example only, with reference to the accompa-
nying drawings in which:

Figure 1 is a schematic cross-sectional view of the
housing of a borescope in accordance with a first
embodiment of the present invention;

Figure 2 is a schematic side view of an arrangement
of lenses and prisms for use in a second embodi-
ment of the invention; and

Figure 3 is a schematic perspective view of an ar-
rangement of lenses and prisms for use in a third
embodiment of the present invention.

[0023] Figure 1 shows anassembly 10 provided at the
proximal end of a borescope. The assembly 10 compris-
es a housing 12 and a handle portion 14 which can be
grasped by a user's hand. An insertion tube (not shown)
is connected to the distal end of the housing 12, shown
on the left hand side in the figure.

[0024] The insertion tube contains a conventional vis-
ual system, that is a viewing window at the distal end,
an objective lens system forming an image of an object
and a relay system for transmitting the image to the
proximal end of the insertion tube and into the housing
12 where the last relay lens 16 of the relay system is
mounted.

[0025] Anocularlens 18 is provided towards the prox-
imal end of the housing 12, shown on the right hand side
in the figure. As is known in the art, the last relay lens
16 and ocular lens 18 may each be a single lens, or a
combination of two or more lenses.
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[0026] A focus collar 20 is rotatably mounted on the
housing 12 and is described further below.

[0027] If the scope has a lateral direction of view, i.e.
it views objects to the side of the insertion tube, it will
contain a prism at the distal end of the insertion tube
which inverts the image. To correct this inversion, a cor-
rective system such as a dove prism 22 is provided, in
this case, in the housing 12 proximal to the ocular lens
18. Furthermore, if the insertion tube is rotatable about
its longitudinal axis to provide orbital scanning, a scan
control collar 24 may be rotatably mounted on the hous-
ing 12.

[0028] Typically, illumination of an object being
viewed is provided by a bundle of optical fibres trans-
mitting light along the insertion tube from a light guide.
In a conventional manner, a light guide connector 26 can
be incorporated in the handle 14 coupling the optical fi-
bre bundle (not shown) to a cable from an external light
source (also not shown).

[0029] Thus, asina conventional visual system, in the
borescope of the present invention light from the relay
lens 16 is passed to the ocular lens system 18, through
the dove prism 22 for correction and then to an observ-
er's eye positioned adjacent an eye piece at the proxi-
mal end of the assembly 10.

[0030] However, in addition, the present invention in-
corporates a beam splitter device 28 mounted between
the last relay lens 16 and the ocular lens 18. This diverts
a proportion of the light received from the last relay lens
16 substantially perpendicular to the optical path be-
tween the relay lens 16 and ocular lens 18, to an image-
to-video conversion device such as a CCD 30 mounted
at 90° to the optical path. The beam splitter device 28
may be of any type, although it is currently preferred for
this to be a beam splitter cube, formed of two right-an-
gled prisms with a coating on their interface plane.
[0031] A cable 32 connected to the handle portion 14
provides power input for, and receives a video output
from, the CCD 30 for transmission to a display monitor
(not shown). Thus, at the same time that an observer
candirectly view an image through the eyepiece, a video
signal of the image can also be viewed on a display mon-
itor.

[0032] Preferably, the system is designed to overfill
the CCD 30, so as to give a full screen image on the
display monitor. Also, to provide a clear defined edge to
the image seen by an observer looking into the eye-
piece, a field mask 34, i.e. a plate with a circular aper-
ture, is placed at the location of the final real image of
the system, between the last relay lens 16 and the beam
splitter 28. The ocular lens 18 is designed to form a vir-
tual image of both the field mask 34 and the final image
at the same eye field of view as a conventional visual
scope.

[0033] Preferably, the CCD 30 is mounted on a sup-
port column 36, itself connected to a mounting carriage
38 which carries the ocular lens 18, field mask 34 and
beam splitter 28. This carriage 38 is translatable in a
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direction parallel to the main optical path through the
scope. This translation is achieved by the focus collar
20 which is coupled to the carriage 38 so that rotation
of the focus collar 20 causes linear translation of the car-
riage 38. Thus, focussing can be achieved simultane-
ously for the CCD and the visible image paths for differ-
ent working ranges of the scope. The lenses are de-
signed such that the focus travel of both the CCD and
ocular lens are the same for the required working range
of specifications of the scope.

[0034] Furthermore, the optical design is such that
spherical aberrations caused by the beam splitter de-
vice 28 are removed. A telecentric design is used such
that the light rays from the last relay lens 16 are all par-
allel, in order to remove off axis aberrations such as
astigmatism, coma and distortion that would otherwise
be present when using a beam splitter device.

[0035] The image-to-video conversion device is a
CCD board camera 30 which has a full digital signal
processor (DSP) set. This means that the device is com-
pact and only requires a power input and a video output
cable 32. In the preferred embodiment, a power conver-
sion board 40 is placed in the handle portion 14 such
that a voltage range of 7-30 volts can be used as the
input.

[0036] The CCD 30 is programmable to allow for cor-
rection of image inversion which occurs if an odd
number of reflections appears in the system, as when
the scope has a prism at the distal end for lateral view-
ing.

[0037] Alternatively, the beam splitter 28 can be con-
figured so as to ensure an even number of reflections
occur before light encounters the CCD 30, as shown in
the second embodiment illustrated in Figure 2. Here a
first reflection occurs in the prism at the distal end of the
insertion tube, and a second reflection in a dove prism
44 which is part of the relay lens system. Thus, light
passing to ocular lens 18 has undergone two reflections.
The beam splitter 28 is arranged to provide two further
reflections to ensure that the CCD receives an even
number of image reflections.

[0038] Typically, the beam splitter 28 will be config-
ured to transmit approximately 50% of light it receives
through to the ocular lens 18, and to divert the other 50%
of the light towards the CCD 30. However, it is anticipat-
ed that future CCD sensors may become more sensitive
and if so the ratio can be altered to maximise the image
brightness for both the visual and video systems.
[0039] Furthermore, in certain applications it may be
preferable to maximise the light throughput either
through the visual or video systems. In a third embodi-
ment of the invention illustrated in Figure 3, an additional
device 46 is provided which provides three alternative
elements, mounted side by side. In the centre is a beam
splitter cube 28, which transmits a portion of light re-
ceived from the relay lens 16 on to the ocular lens 18
and diverts the remaining portion to the CCD. On one
side, an element 48 such as a glass cube transmits all
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the light and diverts none. On the other side, a third el-
ement 50, such as a prism, diverts all the light to the
CCD 30 and transmits none to the ocular lens 18. The
dimensions of these elements 28, 48, 50 are such that
the optical path length to the final image remains the
same. The device 46 can then be moved in a direction
perpendicular to the optical path, as indicated by the ar-
rows, such that a user may select which element 28, 48,
50 is placed in the optical path and thus whether all the
light is diverted to the CCD 30, or all the light is passed
to the eye, or whether there is a split between the two.
[0040] Thus, the present invention provides a bore-
scope with combined visual and video capability in a sin-
gle compact arrangement. The benefits of both visual
and video systems are available simultaneously. The
skilled reader will appreciate that a number of alterations
and modifications may be made to the precise details
prescribed, without departing from the scope of the in-
vention as set out in the claims.

Claims

1. An assembly for a borescope, comprising a body
having a distal end for connection to an insertion
tube and a proximal end providing an eyepiece into
which an observer may look, the body containing a
relay lens for receiving light from a relay system in
the insertion tube, an ocular lens for creating a vir-
tual image for viewing by an observer and a beam
splitter device mounted in the optical path between
the relay lens and the ocular lens and operable to
divert a proportion of light received from the relay
lens to animage-to-video conversion device mount-
ed laterally to the optical path, and wherein the oc-
ular lens, beam splitting device and image-to-video
conversion device are located in a common mount-
ing translatable in a direction parallel to the optical
path to allow for focussing.

2. Anassembly as claimed in claim 1, further compris-
ing a collar rotatably mounted on the body and cou-
pled to the common mounting such that rotation of
the collar causes translation of the mounting in a
direction parallel to the optical path.

3. An assembly as claimed in any preceding claim,
wherein the beam splitter device is a beam splitter
cube operable to divert a proportion of light at sub-
stantially 90° to the optical path.

4. An assembly as claimed in any preceding claim,
wherein the beam splitter device is operable to di-
vert approximately 50% of light received to the im-
age-to-video conversion device.

5. An assembly as claimed in any preceding claim,
wherein the beam splitter device is adjustable to al-
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ter the proportion of light diverted to the image-to-
video conversion device.

An assembly as claimed in any preceding claim,
wherein the beam splitter device comprises a first
element operable to transmit all light received from
the relay lens along the optical path to the ocular
lens, a second element operable to transmit a first
proportion of light along the optical path and to di-
vert a second proportion of light to the image-to-vid-
eo conversion device and a third element operable
to divert all the light received to the image-to-video
conversion device, wherein the first, second and
third elements are selectively moveable to position
one element at a time in the optical path.

An assembly as claimed in any preceding claim,
wherein the image-to-video conversion device
comprises a CCD board camera.

An assembly as claimed in claim 7, wherein the
CCD board camera comprises a full digital signal
processing means.

An assembly as claimed in any preceding claim,
wherein the image-to-video conversion device is
programmable to allow for correction of image in-
version.

An assembly as claimed in any of claims 1-8,
wherein the beam splitter device is configured to en-
sure an image received by the image-to-video con-
version device has been reflected an even number
of times.

An assembly as claimed in any preceding claim, fur-
ther comprising an inversion correction device
mounted in the body proximal to the ocular lens.

An assembly as claimed in any preceding claim, fur-
ther comprising a field mask mounted in the optical
path at the location of the final real image, between
the last relay lens and the beam splitter device.

A borescope comprising an insertion tube connect-
ed to an assembly as claimed in any preceding
claim.

Patentanspriiche

1.

Anordnung fiir ein Endoskop umfassend einen Kor-
per, der ein distales Ende zum Anschluss an einen
Einflhrschlauch/ein Einflihrrohr und ein proximales
Ende aufweist, das ein Okular zur Verfligung stellt,
in das ein Beobachter schauen kann, wobei der
Korper eine Relaislinse zum Empfangen von Licht
von einem Relaissystem im Einflihrschlauch/rohr,
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eine Okularlinse zum Erzeugen eines virtuellen Bil-
des zum Betrachten durch einen Beobachter und
eine Strahlteilereinrichtung enthélt, die im Strahlen-
gang zwischen der Relaislinse und dem Okular
montiert ist und die funktionsfahig ist, einen Anteil
vom von der Relaislinse empfangenen Licht zu ei-
ner Bild-zu-Video-Umwandlungseinrichtung abzu-
lenken, die seitlich zum Strahlengang angebracht
ist, und wobei die Okularlinse, die Strahlteilerein-
richtung und die Bild-zu-Video-Umwandlungsein-
richtung in einer gemeinsamen Halterung angeord-
net sind, die parallel zum Strahlengang verschieb-
bar ist, um ein Fokussieren zu erméglichen.

Anordnung nach Anspruch 1, ferner umfassend ei-
nen Kranz, der drehbar am Kérper angebracht ist
und mit der gemeinsamen Halterung derart gekop-
pelt ist, dass eine Drehung des Kranzes eine zum
Strahlengang parallele Verschiebung der Halterung
bewirkt.

Anordnung nach einem der vorhergehenden An-
spriche, wobei die Strahlteilereinrichtung ein
Strahlteilerwiirfel ist, der funktionsfahig ist, einen
Lichtanteil um im Wesentlichen 90° zum Strahlen-
gang abzulenken.

Anordnung nach einem der vorhergehenden An-
spriche, wobei die Strahlteilereinrichtung funkti-
onsfahig ist, ungefahr 50% vom empfangenen Licht
zur Bild-zu-Video-Umwandlungseinrichtung abzu-
lenken.

Anordnung nach einem der vorhergehenden An-
spriiche, wobei die Strahlteilereinrichtung einstell-
bar ist, den zur Bild-zu-Video-Umwandlungsein-
richtung abgelenkten Lichtanteil zu verandern.

Anordnung nach einem der vorhergehenden An-
spriche, wobei die Strahlteilereinrichtung ein er-
stes Element umfasst, das funktionsféhig ist, alles
von der Relaislinse empfangene Licht entlang dem
Strahlengang zur Okularlinse zu Ubermitteln, ein
zweites Element, das funktionsfahig ist, einen er-
sten Lichtanteil entlang dem Strahlengang zu lber-
mitteln und einen zweiten Lichtanteil zur Bild-zu-Vi-
deo-Umwandlungseinrichtung abzulenken und ein
drittes Element, das funktionsfahig ist, das ganze
empfangene Licht zur Bild-zu-Video-Umwand-
lungseinrichtung abzulenken, wobei das erste, das
zweite und das dritte Element selektiv bewegbar
sind, um jeweils ein Element zu einem Zeitpunkt im
Strahlengang in Position zu bringen.

Anordnung nach einem der vorhergehenden An-
spruche, wobei die Bild-zu-Video-Umwandlungs-
einrichtung eine CCD-Platinen-Kamera umfasst.
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Anordnung nach Anspruch 7, wobei die CCD-Plati-
nen-Kamera ein vollstéandig digitales Signalaufbe-
reitungsmittel umfasst.

Anordnung nach einem der vorhergehenden An-
spruche, wobei die Bild-zu-Video-Umwandlungs-
einrichtung programmierbar ist, eine Bildinversi-
onskorrektur zu ermdglichen.

Anordnung nach einem der Anspriichen 1 bis 8, wo-
bei die Strahlteilereinrichtung dazu ausgelegt ist, si-
cherzustellen, dass ein durch die Bild-zu-Video-
Umwandlungseinrichtung empfangenes Bild eine
gerade Anzahl von Malen reflektiert worden ist.

Anordnung nach einem der vorhergehenden An-
spriiche, ferner umfassend eine Inversionskorrek-
tureinrichtung, die im K&rper proximal zur Okular-
linse montiert ist.

Anordnung nach einem der vorhergehenden An-
spriche, ferner umfassend eine Feldabdeckung,
die im Strahlengang an der Position des letzten re-
ellen Bildes zwischen der letzten Relaislinse und
der Strahlteilereinrichtung angebracht ist.

Endoskop, das einen Einflihrschlauch/ein Einfiihr-
rohr umfasst, der/das mit einer Anordnung nach ei-
nem dervorhergehenden Anspriiche verbundeniist.

Revendications

Ensemble destiné a un endoscope, comprenant un
corps ayant une extrémité distale destinée a unrac-
cordement a un tube d'insertion et une extrémité
proximale fournissant un oeilleton dans lequel I'ob-
servateur peut regarder, le corps contenant une len-
tille de relais destinée a recevoir la lumiere depuis
un systeme de relais dans le tube d'insertion, une
lentille d'oculaire destinée a créer une image virtuel-
le pour I'observation par un observateur et un dis-
positif séparateur de faisceau installé dans le trajet
optique entre la lentille de relais et la lentille d'ocu-
laire, et pouvant étre mis en oeuvre pour dévier une
partie de la lumiére regue depuis la lentille de relais
vers un dispositif de conversion d'image en vidéo
monté de facgon latérale au trajet optique, et dans
lequel la lentille d'oculaire, le dispositif séparateur
de faisceau et le dispositif de conversion d'image
en vidéo sont situés dans une monture commune
pouvant étre translatée dans une direction paralléle
au trajet optique afin de permetire une mise au
point.

Ensemble selon la revendication 1, comprenant en
outre une bague montée avec possibilité de rotation
sur le corps et couplée a la monture commune de
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10.

sorte que la rotation de la bague provoque un mou-
vement de translation de la monture dans une di-
rection paralléle au trajet optique.

Ensemble selon l'une quelconque des revendica-
tions précédentes, dans lequel le dispositif sépara-
teur de faisceau est un cube séparateur de faisceau
pouvant étre mis en oeuvre pour dévier une partie
de la lumiére a environ 90° par rapport au trajet op-
tique.

Ensemble selon l'une quelconque des revendica-
tions précédentes, dans lequel le dispositif sépara-
teur de faisceau peut étre mis en oeuvre pour dévier
environ 50 % de la lumiére regue vers le dispositif
de conversion d'image en vidéo.

Ensemble selon l'une quelconque des revendica-
tions précédentes, dans lequel le dispositif sépara-
teur de faisceau peut étre réglé pour modifier la pro-
portion de lumiére déviée vers le dispositif de con-
version d'image en vidéo.

Ensemble selon l'une quelconque des revendica-
tions précédentes, dans lequel le dispositif sépara-
teur de faisceau comprend un premier élément pou-
vant étre mis en oeuvre pour transmettre la totalité
de la lumiére regue depuis la lentille de relais le long
du trajet optique vers la lentille d'oculaire, un se-
cond élément pouvant étre mis en oeuvre pour
transmettre une premiére partie de la lumiére le
long du trajet optique et pour dévier une seconde
partie de la lumiére vers le dispositif de conversion
d'image en vidéo et un troisiéme élément pouvant
étre mis en oeuvre pour dévier la totalité de la lu-
miére regue vers le dispositif de conversion d'image
en vidéo, dans lequel les premier, second et troisié-
me éléments sont sélectivement mobiles pour po-
sitionner un seul élément a la fois dans le trajet op-
tique.

Ensemble selon l'une quelconque des revendica-
tions précédentes, dans lequel le dispositif de con-
version d'image en vidéo comprend une caméra a
carte CCD.

Ensemble selon la revendication 7, dans lequel la
cameéra a carte CCD comprend un moyen de trai-
tement de signal entierement numérique.

Ensemble selon l'une quelconque des revendica-
tions précédentes, dans lequel le dispositif de con-
version d'image en vidéo est programmable pour
permettre une correction de l'inversion d'image.

Ensemble selon l'une quelconque des revendica-
tions 1 a 8, dans lequel le dispositif séparateur de
faisceau est configuré pour assurer qu'une image
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recue par le dispositif de conversion d'image en vi-
déo a été réfléchie un nombre de fois pair.

Ensemble selon I'une quelconque des revendica-
tions précédentes, comprenant en outre un dispo-
sitif de correction d'inversion monté dans le corps
a proximité de la lentille d'oculaire.

Ensemble selon I'une quelconque des revendica-
tions précédentes, comprenant en outre un masque
de champ installé dans le trajet optique a I'empla-
cement de l'image réelle finale, entre la derniéere
lentille de relais et le dispositif séparateur de fais-
ceau.

Endoscope comprenant un tube d'insertion relié a
un ensemble selon l'une quelconque des revendi-
cations précédentes.
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