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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to an optical probe, particularly, it relates to an optical probe having a tubular outer
envelope and having a function of deflecting and scanning light emitted from the peripheral surface thereof in the direction
of circumference or the axis of the outer envelope. An optical probe of this type is known from e.g. US-A-6,564,087.
Further optical probes of this type are known from US 2004/0254474 A1 and US 6546272 B1.

Description of the Related Art

[0002] As a method of obtaining a tomographic image of an object of measurement such as living tissue, it is proposed
to obtain a tomographic image of the object by measuring OCT (optical coherence tomography) as disclosed in Japanese
Unexamined Patent Publication Nos. 6(1994)-165784 and 2003-139688. In the OCT measurement, a phenomenon that
interference light is detected when the optical paths of the measuring light and the reflected light conform to the optical
path of the reference light in length is used. That is, in this method, low coherent light emitted from a light source is
divided into measuring light and reference light and the measuring light is projected onto the object of measurement,
while the reflected light from the object of measurement is led to a multiplexing means. The reference light is led to the
multiplexing means after its optical path length is changed in order to change the depth of measurement in the object.
By the multiplexing means, the reflected light and the reference light are superposed one on another, and interference
light due to the superposition is detected by, for instance, heterodyne detection.
[0003] In the above OCT system, a tomographic image is obtained by changing the optical path length of the reference
light, thereby changing the measuring position (the depth of measurement) in the object. This technique is generally
referred to as "TD-OCT (time domain OCT)". More specifically, in the optical path length changing mechanism for the
reference light disclosed in Japanese Unexamined Patent Publication No. 6(1994)-165784, an optical system which
collects the reference light emitted from the optical fiber on a mirror is provided and the optical path length is adjusted
by moving only the mirror in the direction of the beam axis of the reference light. Further, in the optical path length
changing mechanism for the reference light disclosed in Japanese Unexamined Patent Publication No. 2003-139688,
the reference light emitted from the optical fiber is turned to parallel light, the reference light in the form of parallel light
is collected and caused to enter the optical fiber again by an optical path length adjusting lens, and the optical path
length adjusting lens is moved back and forth in the direction of the beam axis of the reference light.
[0004] Whereas, as a system for rapidly obtaining a tomographic image without changing the optical path length of
the reference light, there has been proposed an optical tomography system for obtaining an optical tomographic image
by measurement of SD-OCT (spectral domain OCT). In the SD-OCT system, a tomographic image is formed without
scanning in the direction of depth, by dividing broad band, low coherent light into measuring light and reference light by
the use of a Michelson interferometer, projecting the measuring light onto the object and carrying out a Fourier analysis
on each channeled spectrum obtained by decomposing the interference light of the reflected light, which returns at that
time, and the reference light.
[0005] As another system for rapidly obtaining a tomographic image without changing the optical path length of the
reference light, there has been proposed an optical tomography system for obtaining an optical tomographic image by
measurement of SS-OCT (swept source OCT). In the SS-OCT system, the frequency of the laser beam emitted from
the light source is swept to cause the reflected light and the reference light to interfere with each other at each wavelength,
the intensity of the reflected light at the depth of the object is detected by Fourier-transforming the spectrum of the
interference for the series of wavelength, and a tomographic image is formed by the use of the intensity of the reflected
light at the depth of the object.
[0006] In the optical tomography system of each of the systems described above, a tomographic image along a certain
surface of the object is generally obtained and for this purpose, it is necessary to at least one-dimensionally scan the
measuring light beam in the object. As a means for effecting such a light scanning, there has been known, as disclosed
in Japanese Unexamined Patent Publication No. 2002-005822 and International Patent Publication No. WO02/088684,
an optical probe having a tubular outer envelope and having a function of deflecting and scanning light emitted from the
peripheral surface thereof in the direction of circumference of the outer envelope. More specifically, the optical probe
comprises a tubular outer envelope (sheath) closed at the leading end thereof, a shaft which is rotatable about an axis
of rotation extending longitudinal direction of the outer envelope inside the outer envelope, a light guide means such as
an optical fiber which is disposed inside the outer probe to extend along the shaft and is connected to the shaft at its
leading end portion, a light deflecting means which is connected to the leading end portion of the light guide means and
deflects light radiated from the leading end portion of the light guide means in a direction intersecting the axis of rotation
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of the shaft, and a collecting lens which converges light radiated from the light deflecting means outside the outer
envelope, and deflects and scans light emitted from the light deflecting means in the direction of circumference of the
outer envelope.
[0007] Further, as an optical probe similar to that described above, there has been known an optical probe which
comprises a light guide means, a and a collecting lens similar to those described above in addition to a tubular outer
envelope and a shaft movable in the longitudinal direction of the outer envelope inside the outer envelope, and causes
light radiated from the light deflecting means to scan linearly in the direction of the movement in response to movement
of the shaft in the longitudinal direction of the outer envelope.
[0008] When an optical tomographic image is to be obtained by the use of the optical probe described above, there
has been a requirement that the focusing position (converging position) of the light beam which scans the object is
changed according to the depth of the part to be observed. Further, there has been a requirement that the NA of the
light beam which scans the object is changed according to the region to be observed and/or the resolution to be desired.
[0009] In the optical probe disclosed in Japanese Unexamined Patent Publication No. 2002-005822, the thickness of
the outer envelope (sheath) is locally varied so that the position of the focusing position of the light beam can be changed.
[0010] However, in the above structure, though the focusing position is varied according to the eccentric position of
the housing when the sheath is mounted thereon, how to control the eccentric position of the housing is not established
yet. That is, though, when the focusing position happens to be conformed when the sheath is mounted on the housing,
the focusing position of the light beam will satisfy, the focusing position cannot be changed when it is deviated from the
intended position. Even if the focusing position can be changed by externally rotating the sheath, the field of view is
shifted in response to rotation of the sheath, which makes it impossible to view both a shallower part and a deeper part
in the same field of view.
[0011] On the other hand, in the optical probe disclosed in International Patent Publication No. WO02/088684, the
lens on the leading end portion of the probe is moved in the direction of the optical axis by the wire or the hydraulic
pressure to change the distance between the light outlet end of the optical fiber and the lens, thereby changing the
magnification (NA, depth of focus) of the lens or to change the distance between the lens and the reflecting mirror,
thereby changing the focusing position.
[0012] However, in the above structure, since the wire or the hydraulic pipe must be passed through the probe, the
space inside the probe is increased, and at the same time, it is necessary to make provision against interference of the
fiber and the sheath. Further, since the magnification of the lens and the focusing position are driven by separate drive
systems (including wire or hydraulic pressure), a pair of drive systems must be prepared to simultaneously drive the
magnification of the lens and the focusing position. To pass a pair of drive systems through a probe to separately drive
is more difficult to pass a single drive system through the probe and there is a fear that the drive systems can interfere
with each other. Further, when the focal point adjusting system is to be driven to correct the deviation in focusing position
generated when the magnification of the lens is changed, the two drive systems must be interlocked. For this purpose,
a highly sophisticated control mechanism is required, which adds to the cost. Further, when the drive system is driven
to shift the position of the optical fiber in the direction of the axis, the position of the optical fiber is shifted with respect
to the optical fiber from the tomography system body. When the optical fiber on the probe side is coupled to the optical
fiber on the body side through a direct coupling (ends of the optical fibers are directly mated), the distance between two
fibers becomes too large to obtain an excellent coupling unless a mechanism which moves the body side fiber according
to the movement of the probe side fiber. Though the change in position can be dealt with insertion of a confocal optical
system, this approach requires additional lenses and increases the cost.

SUMMARY OF THE INVENTION

[0013] In view of the foregoing observations and description, the primary object of the present invention is to provide
an optical probe which is simple in mechanism and can freely change the NA and/or the focusing point of the light beam
to be rotatively or linearly scanned.
[0014] In accordance with the present invention, there is provided a first optical probe comprising the features of claim 1.
[0015] In accordance with the present invention, there is further provided a second optical probe comprising the
features of claim 2.
[0016] It is preferred that a plurality of the NA changing lenses are provided and the light deflecting means is movable
relatively to the shaft so that the NA changing lens which light radiated from the light deflecting means is passed through
can be selected.
[0017] The second optical probe may be structured to change the direction of light deflection (the direction in which
light radiated from the leading end portion of the light guide means is deflected) in combination of the structure of the
first optical probe.
[0018] Further, in the optical probes of the present invention, it is preferred that an optical fiber be employed as the
light guide means and the optical fiber connected to the shaft at its leading end portion be movable relatively to the shaft
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by rotation of the optical fiber about its axis.
[0019] The first optical probe of the present invention, since the light deflecting means is connected to the shaft in a
position deviated from the axis of rotation of the shaft and is movable relatively to the shaft so that the direction of light
deflected by the light deflecting means can be changed in this position, can freely change the distance between the
focusing position of light by the collecting lens and the axis of rotation of the shaft, that is, the focusing position in the
direction of depth of the object.
[0020] When the focusing position can be thus changed, the depth of taking an image can be freely changed when a
tomographic image of the object is to be obtained. Since the focusing position can be changed by only moving the light
deflecting means relatively to the shaft, the optical probe is simple in structure and can be manufactured at low cost.
[0021] In the second optical probe of the present invention, since at least one NA changing lens is mounted on the
shaft and the light deflecting means is movable relatively to the shaft so that a state where light radiated therefrom is
passed through the NA changing lens and a state where light radiated therefrom is not passed through the NA changing
lens can be set, the NA of light to be projected onto the object can be changed at least in two ways. It is possible to also
change the focusing position in response to setting a state where light radiated therefrom is passed through the NA
changing lens and a state where light radiated therefrom is not passed through the NA changing lens. Further, it is
possible to structure the second optical probe so that the focusing position is kept unchanged when the NA is changed
by combining the structure of the second optical probe with the structure of the first optical probe.
[0022] When the NA of light can be thus changed, the lateral resolution (the dynamic range) can be changed when a
tomographic image of the object is to be obtained. When also the focusing position can be changed together with the
lateral resolution at that time, the depth of taking an image and the lateral resolution can be simultaneously changed.
When the focusing position is kept unchanged in response to change of the NA, only the lateral resolution can be switched
without changing the depth of taking an image.
[0023] Since the NA of light can be changed by only moving the light deflecting means relatively to the shaft, the
second optical probe is simple in structure and can be manufactured at low cost.
[0024] Since the light deflecting means is connected to the shaft in a position deviated from the axis of rotation of the
shaft and is movable relatively to the shaft so that the direction of light deflected by the light deflecting means can be
changed in this position, the distance between the focusing position of light by the collecting lens and the axis of rotation
of the shaft is changed in response to the relative movement of the light deflecting means.
[0025] However, when the direction of light deflection is changed by moving the light deflecting means relatively to
the shaft, the direction of light radiation from the shaft is also changed. Since, in the third optical probe, unlike the first
optical probe, light is not rotatively scanned by rotating the shaft, but is linearly scanned in the longitudinal direction of
the outer envelope, it is necessary to make constant the direction of light radiation from the shaft (normally in the direction
of depth of focus) in a cross-section normal to the direction, and/or to make constant the direction of joining the focusing
position and the axis of the shaft upon a slant projection (a projection toward a direction having an angle to the direction
of depth of focus). Accordingly, when the shaft rotatable inside the outer envelope about an axis parallel to the longitudinal
direction of the outer envelope is rotated in this direction, these requirements can be satisfied.
[0026] By changing the distance between the focusing position of light and the central axis of the shaft while holding
constant the direction of light radiation from the shaft in the manner described above, the focusing position in the direction
of depth of the object can be freely changed.
[0027] In the present invention, since at least one NA changing lens is mounted on the shaft and the light deflecting
means is movable relatively to the shaft so that a state where light radiated therefrom is passed through the NA changing
lens and a state where light radiated therefrom is not passed through the NA changing lens can be set as in the second
optical probe, the NA of light to be projected onto the object can be changed at least in two ways. Further, it is possible
to also change the focusing position in response to setting a state where light radiated therefrom is passed through the
NA changing lens and a state where light radiated therefrom is not passed through the NA changing lens.
[0028] When the NA of light can be thus changed, the lateral resolution (the dynamic range) can be changed when a
tomographic image of the object is to be obtained. When also the focusing position can be changed together with the
lateral resolution at that time, the depth of taking an image and the lateral resolution can be simultaneously changed.
When the focusing position is kept unchanged in response to change of the NA, only the lateral resolution can be switched
without changing the depth of taking an image.
[0029] Since the NA of light can be changed by only moving the light deflecting means relatively to the shaft, the fourth
optical probe is simple in structure and can be manufactured at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Figures 1A and 1B are respectively a plan cross-sectional view and a side cross-sectional view of an optical probe
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in accordance with a first embodiment of the present invention,
Figures 2A and 2B are respectively a plan cross-sectional view and a side cross-sectional view showing another
state of the optical probe shown in Figures 1A and 1B,
Figure 3 is a plan cross-sectional view showing still another state of the optical probe shown in Figures 1A and 1B,
Figure 4 is a view showing scanning of the optical probe shown in Figures 1A and 1B,
Figures 5A and 5B are respectively a plan cross-sectional view and a side cross-sectional view of an optical probe
in accordance with a second embodiment of the present invention,
Figures 6A and 6B are respectively a plan cross-sectional view and a side cross-sectional view showing another
state of the optical probe shown in Figures 5A and 5B,
Figure 7 is a plan cross-sectional view of an optical probe in accordance with a third embodiment of the present
invention,
Figure 8 is a plan cross-sectional view of an optical probe in accordance with a fourth embodiment of the present
invention,
Figure 9 is a plan cross-sectional view showing another state of the optical probe shown in Figure 8,
Figure 10 is a plan cross-sectional view of an optical probe in accordance with a fifth embodiment of the present
invention,
Figure 11 is a plan cross-sectional view showing another state of the optical probe shown in Figure 10,
Figures 12A and 12B are respectively a side cross-sectional view of an optical probe in accordance with a sixth
embodiment of the present invention, and a side cross-sectional view showing another state of the optical probe in
accordance with the sixth embodiment of the present invention,
Figure 13 is a side cross-sectional view of an optical probe in accordance with a seventh embodiment of the present
invention,
Figure 14 is a side cross-sectional view showing the structure for connecting the optical probe of the present invention
to the system body,
Figure 15 is a side view showing an example of the structure for optically connecting the optical probe of the present
invention to the system body,
Figure 16 is a side view showing another example of the structure for optically connecting the optical probe of the
present invention to the system body,
Figure 17 is a side cross-sectional view of an optical probe in accordance with an example not covered by the
present invention,
Figure 18 is a side cross-sectional view of an optical probe in accordance with an example not covered by the
present invention,
Figure 19 is a graph showing the change of the distance L with the angle ϕ shown in Figure 3,
Figure 20 is a graph showing the changes of the angle θ and the angle θ-ϕ with the angle shown in Figure 3,
Figures 21A and 21B are respectively a front cross-sectional view and a side cross-sectional view of an optical
probe in accordance with an eighth embodiment of the present invention,
Figure 22 is a side-cross sectional view showing the linear scanning by the optical probe shown in Figures 21A and
21B,
Figures 23A and 23B are respectively a front cross-sectional view and a side cross-sectional view showing another
state of the optical probe shown in Figures 21,
Figure 24 is a side cross-sectional view showing another part of the optical probe shown in Figures 21A and 21B,
Figures 25A and 25B are respectively a front cross-sectional view and a side cross-sectional view of an optical
probe in accordance with a ninth embodiment of the present invention, and
Figures 26A and 26B are respectively a front cross-sectional view and a side cross-sectional view showing another
state of the optical probe shown in Figures 25.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] Embodiments of the present invention will be described in detail with reference to the drawings, hereihbelow.
Figure 1B shows a side cross-sectional shape of the leading end portion of an optical probe 10 in accordance with a
first embodiment of the present invention and Figure 1A is a plan cross-sectional view of the optical probe 10 taken
along line A-A in Figure 1B. For example, the optical probe 10 forms a leading end portion of an endoscope which forms
a part of an optical tomography system.
[0032] The optical probe 10 comprises a cylindrical sheath 11 which is closed at its leading end and is formed by
transparent material, and a flexible shaft 12 which is disposed inside the optical probe 10 for rotation about the axis of
the sheath 11. An optical fiber 13 which guides light from an interferometer (not shown) is passed through the flexible
shaft 12, and GRIN lens (refractive index profile lens) 14 and a reflecting mirror 15 are disposed in the leading end
portion of the flexible shaft 12. The optical fiber 13, the GRIN lens 14 and the reflecting mirror 15 are integrated and a
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portion from the leading end of the optical fiber to the reflecting mirror 15 is disposed in a position deviated from the axis
of rotation of the flexible shaft 12 by r and is rotatable inside the flexible shaft 12.
[0033] In the optical probe 10, light beam H propagated through the optical fiber 13 is collected by the GRIN lens 14
and changes its direction of travel at the reflecting mirror 15 by 90°, thereby being converged on an outer portion of the
circumference of the sheath 11. When the flexible shaft 12 is rotated inside the sheath 11 by the driving means (not
shown), the light beam H radiated outward of the circumference of the sheath 11 is deflected, whereby when the object
is on the outer side of the sheath 11, the light beam H scans (rotatively scans) the object in the circumferential direction
of the sheath 11.
[0034] When it is assumed in this structure that the distance from the reflecting mirror 15 to the focusing position of
the GRIN lens 14 is 1, the distance l1 from the axis of rotation of the flexible shaft 12 to the focusing position of the GRIN
lens 14 is expressed by the following formula (1) in the setup shown in Figures 1A and 1B. 

[0035] Whereas, Figure 2A and 2B show a state where the optical fiber 13 is rotated in the flexible shaft 12 to make
the direction of light radiation of the reflecting mirror 15 reverse to that shown in Figures 1A and 1B. The distance from
the axis of rotation of the flexible shaft 12 to the focusing position at this time is expressed by the following formula (2). 

That is, the distance from the center of the rotary scanning of the light beam H to the focusing position can be freely
changed between the maximum l1 and the minimum l2. The width of the change is expressed by the following formula (3). 

[0036] When the outer diameter of the sheath 11 is R, the depth of the focusing position from the outer periphery of
the sheath is l1-R at the largest and l2-R at the smallest. This is the actual range of the depth of the focusing position in
the object.
[0037] The case where the reflecting mirror 15 is inclined by a certain angle ϕ as shown in Figure 3 will be discussed
next. When the distance from the reflecting mirror 15 to the focusing position is 1, the distance L and the angle θ from
the center of the rotary scanning of the light beam H to the focusing position are as expressed by the following formulae
(4) and (5). 

[0038] Since the distance L can be changed from l2 to l1 when the angle ϕ is changed from 0° to 180°, the focusing
position can be continuously freely set.
[0039] However, it is necessary to take care that the obtained image is inclined by |θ-ϕ| since the direction of light
projection in the direction of depth of the object is inclined by |θ-ϕ| with respect to a line extended to the focusing position
from the axis of rotation of the flexible shaft 12. When a tomographic image is to be reconstructed, it is necessary to
take into account the angular shift of the light scanning. Figure 4 shows the inclination of the light scanning (rotary
scanning).
[0040] Further, Figure 19 shows the change of the distance L with the angle ϕ when r=1mm and 1=3mm, and Figure
20 shows the changes of the angle θ-ϕ with the angle ϕ when r=1mm and 1=3mm. When ϕ=0°, L=2mm and when
ϕ=180°, L=4mm, and L can be continuously changed by changing ϕ from 0° to 180°. Further, since θ-ϕ is increased to
about 20° at most, it will be found that the tilt angle of the scanning in the direction of depth of the object can be changed
to 20° at most. Accordingly, it is necessary to carry out image processing taking into account the result.
[0041] A second embodiment of the present invention will be described with reference to Figures 5A and 5B, herein-
below. Figures 5A and 5B are respectively a plan cross-sectional view and a side cross-sectional view of an optical
probe 20 in accordance with a second embodiment of the present invention. In Figures 5A and 5B, the elements analogous
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to those shown in Figures 1A and 1B are given the same reference numerals and will not be described unless necessary.
[0042] In the optical probe 20 of this second embodiment, the optical fiber 13 integrated with the GRIN lens 14 and
the reflecting mirror 15 is disposed for rotation in the flexible shaft 12 coaxially therewith. A NA (aperture number)
changing lens 21 is fixed to the leading end of the flexible shaft 12.
[0043] When the optical probe 20 is in the state shown in Figures 5A and 5B, light beam H radiated from the reflecting
mirror 15 is projected onto the object without passing through the NA changing lens 21 and the distance from the reflecting
mirror 15 to the focusing position is 1.
[0044] When the optical fiber 13 is rotated to change the direction of the reflecting mirror 15 by 180° from that shown
in Figures 5A and 5B, the state of the optical probe 20 shown in Figures 6A and 6B is obtained. In this state, light beam
H radiated from the reflecting mirror 15 is projected onto the object after passing through the NA changing lens 21 and
the distance from the reflecting mirror 15 to the focusing position is 1’.
[0045] In the case where the NA changing lens 21 is a convex lens, the NA to the light beam H is increased from the
case when the light beam H does not pass through the NA changing lens 21, and the lateral resolution in the focusing
position is improved. Conversely, in the case where the NA changing lens 21 is a concave lens, the NA to the light beam
H is decreased from the case when the light beam H does not pass through the NA changing lens 21, and the lateral
resolution in the focusing position is deteriorated. As the NA increases, though being better in the focusing position, the
lateral resolution is rapidly deteriorated when deviated from the focusing position in the direction of the optical axis
(direction of depth of the object) . By employing the arrangement of this embodiment, the NA can be reduced when the
measurement is to be done over a range wide in the direction of depth, the NA can be increased when the measurement
is to be done at a high resolution only at the aimed depth.
[0046] Though only one NA changing lens 21 is disposed on the leading end of the flexible shaft 12 in the second
embodiment described above, a plurality of NA changing lenses 21, 22 and 23 different from each other in focal length
are disposed on the leading end of the flexible shaft 12 in the third embodiment shown in Figure 7. In this arrangement,
when the lens which light beam radiated from the reflecting mirror 15 passes through is selected by adjusting the angular
position of the optical fiber 13, the NA can be switched in a plurality of ways, whereby a more suitable resolution and a
more suitable depth of focus can be set.
[0047] A fourth embodiment of the present invention will be described with reference to Figures 8 and 9, hereinbelow.
The optical probe 40 of the fourth embodiment is basically the same in structure as the first embodiment shown in Figure
1A, 1B, 2A and 2B and the NA changing lens 21 employed above in the second embodiment shown in Figures 5A and
5B is provided in addition.
[0048] When the optical probe 40 is in the state shown in Figure 8, light beam H radiated from the reflecting mirror 15
is projected onto the object without passing through the NA changing lens 21 and the distance L from the center of the
rotary scanning to the focusing position is L=1-r (6). In the state shown in Figure 9, light beam H radiated from the
reflecting mirror 15 is projected onto the object after passing through the NA changing lens 21 and the distance L’ from
the center of the rotary scanning to the focusing position is L’=l’+r (7).
[0049] When it is assumed that L=L’, 1-1’=2r (8) from formulae (6) and (7). When the magnification and the position
of the NA changing lens 21 are determined so that the difference between the distance 1 between the reflecting mirror
15 and the focusing position when the NA changing lens 21 is provided and the distance 1’ between the reflecting mirror
15 and the focusing position when the NA changing lens 21 is not provided is equal to twice the diameter by which the
optical fiber 13 is deviated from the center of rotation of the flexible shaft 12, the depth of measurement can be kept
unchanged even after the NA is switched.
[0050] In the case of the second embodiment, though the resolution and the dynamic range in the direction of the
depth can be switched by changing the NA, the focusing position is also changed simultaneously, whereby the field of
view is jumped to another place which deteriorates convenience of use. Whereas, in the case of the fourth embodiment,
the position in the direction of the depth can be kept unchanged even after the NA is switched. Accordingly, the field of
view cannot be jumped and convenience of use can be improved.
[0051] A fifth embodiment of the present invention will be described with reference to Figures 10 and 11, hereinbelow.
In the optical probe 50 of the fifth embodiment, a concave lens is employed as the NA changing lens 25. In the fourth
embodiment shown in Figures 8 and 9, limitation on design is lot when the probe is made thin since it is necessary to
dispose the NA changing lens 21 on the same side as that in which the optical fiber is deviated from the center of rotation
of the flexible shaft 12 to make L=L’. Whereas, when a concave NA changing lens 25 is employed as in this embodiment,
freedom of design is increased and the probe can be made thin since the NA changing lens 25 is disposed on the side
opposite to that in which the optical fiber is deviated from the center of rotation of the flexible shaft 12.
[0052] A sixth embodiment of the present invention will be described with reference to Figures 12A and 12B, herein-
below. The optical probe 60 of the sixth embodiment is an improved type of the optical probe 20 of the second embodiment
shown in Figures 5A and 5B. Though a plurality of NA changing lenses 21, 22 and 23 are fixed to the leading end of the
flexible shaft 12 in arrangement in the circumference direction of the probe in the optical probe 30 of the third embodiment
shown in Figure 7, a plurality of (two by way of example) NA changing lenses 21 and 22 are fixed to the leading end of
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the flexible shaft 12 in arrangement in the longitudinal direction of the probe here.
[0053] A recess on the leading end of the flexible shaft 12 to accommodate the lenses is formed so that the GRIN
lens 14 can be slide therein in the longitudinal direction of the probe. By moving the optical fiber 13 in the flexible shaft
12 in the direction of axis thereof, a state where the reflecting mirror 15 fixed to the GRIN lens 14 is opposed to one NA
changing lenses 21 (Figure 12A) and a state where the reflecting mirror 15 fixed to the GRIN lens 14 is opposed to the
other NA changing lenses 22 (Figure 12B) can be selected. In this embodiment, the NA of the light beam H is larger
and the focusing position is outer in the former state.
[0054] As in the optical probe 20 in Figures 5A and 5B, when the optical fiber 13 is rotated to change the direction of
the reflecting mirror 15 by 180°, a state where light beam H is passed through neither NA lens 21 nor NA lens 22 can be set.
[0055] When the arrangement of this embodiment is employed, three or more NA changing lenses may be disposed
arranged in the longitudinal direction of the probe. Further, a plurality of NA changing lenses may be disposed arranged
in the circumferential direction of the probe as shown in Figure 7 in addition to a plurality of NA changing lenses arranged
in the longitudinal direction of the probe so that the light beam H is led to one of a plurality of NA changing lenses
arranged in the circumferential direction of the probe when the optical fiber 13 is rotated relatively to the flexible shaft
12. Further, it is possible to increase the number of options of the NA and/or the focusing position by combining such
arrangement with the arrangement shown in Figures 1A and 1B, where the leading end portion of the optical fiber 13 is
eccentric to the center of the flexible shaft 12.
[0056] A seventh embodiment of the present invention will be described with reference to Figure 13, hereinbelow. In
the optical probe 70 of the seventh embodiment, the flexible shaft 12 is sufficiently thinner as compared with the inner
diameter of the sheath 11 and only a cylindrical head 71 fixed to the leading end is in sliding contact with the inner
surface of the sheath 11.
[0057] In the first to sixth embodiments described above, the optical fiber 13 is passed in the flexible shaft 12, and
accordingly, the outer diameter of the flexible shaft 12 is slightly smaller than the inner diameter of the sheath 11.
However, if the flexible shaft 12 is thick, the sheath 11 and the flexible shaft 12 are brought into contact with each other
when the probe is curved, and disturbance of the scanning, wear and/or generation of heat can be involved due to
increase of the frictional resistance.
[0058] Whereas, the optical probe 70 of this embodiment, since the flexible shaft 12 is thin, is free from the problem
described above. The cylindrical head 71 is larger than the flexible shaft 12 in the diameter and smaller than the inner
diameter of the sheath 11 to such an extent that its axis cannot be shifted. By causing such a head 71 to hold the leading
end portion of the optical fiber 13, the amount of eccentricity of the leading end portion of the optical fiber 13 from the
center of the flexible shaft 12 can be held constant.
[0059] Connection of the optical probe and the tomography system body which can be applied to each of the embod-
iments described above will be described with reference to Figure 14, hereinbelow. In this structure, the flexible shaft
12 is connected to the tomography system body by way of the shaft bearing 75 to be rotatable and to be rotated by a
shaft rotating motor 83 by way of gears 81 and 82. A fiber rotating motor 84 is provided in the base of the flexible shaft
12 and is used to change the direction of the reflecting mirror 15 (e.g., Figures 1A and 1B) provided on the leading end
portion of the optical fiber. A body side optical fiber 85 is fixed to the tomography system body and is connected to the
rotary probe side optical fiber 13 by a direct coupling close thereto.
[0060] The body side optical fiber 85 and the probe side optical fiber 13 may be connected by way of a lens system
comprising a single lens 86 as shown in Figure 15 or by way of a confocal optical system comprising a pair of lenses
87 and 88 as shown in Figure 16 other than by the direct coupling described above.
[0061] An example not covered by the present invention will be described with reference to Figure 17, hereinbelow.
Though a reflecting mirror 15 is employed as the light deflecting means in each of the embodiments described above,
the leading end portion of the optical fiber 13 is bent to form the light deflecting means in this example. With this
arrangement, a state shown in Figure 17 where light travels through the NA changing lens 21 and a state where light
does not travel through the NA changing lens 21 (e.g., the leading end portion of the optical fiber 13 is directed downward
in Figure 17) can be set by changing the angular position of the optical fiber 13.
[0062] A spherical lens 91 fixed to the leading end of the optical fiber 13 may be employed as the light deflecting
means as in an optical probe 90 of a further example shown in Figure 18. Also with this arrangement, a state shown in
Figure 18 where light travels through the NA changing lens 21 and a state where light does not travel through the NA
changing lens 21 (e.g., the surface of the spherical lens 91 having a curvature is directed downward in Figure 18) can
be set by changing the angular position of the optical fiber 13.
[0063] Though the optical probes in accordance with the embodiments of the present invention where light is rotatively
scanned have been described above, the optical probes in accordance with the embodiments of the present invention
where light is linearly scanned will be described, hereinbelow.
[0064] Figure 21B is a side cross-sectional view of an optical probe 110 in accordance with an eighth embodiment of
the present invention, and Figure 21A is a front cross-sectional view of the optical probe 110 taken along line A-A in
Figure 21B. For example, also the optical probe 110 forms a leading end portion of an endoscope which forms a part
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of an optical tomography system.
[0065] The optical probe 110 comprises a cylindrical sheath 11 which is closed at its leading end and is formed by
transparent material, and a flexible shaft 12 which is disposed inside the cylindrical sheath 11. An optical fiber 13 which
guides light from an interferometer (not shown) is passed through the flexible shaft 12, and GRIN lens (refractive index
profile lens) 14 and a reflecting mirror 15 are disposed in the leading end portion of the flexible shaft 12. The optical fiber
13, the GRIN lens 14 and the reflecting mirror 15 are integrated and a portion from the leading end of the optical fiber
to the reflecting mirror 15 is disposed in a position deviated from the axis of rotation of the flexible shaft 12 by r and is
rotatable inside the flexible shaft 12.
[0066] The flexible shaft 12 is linearly movable inside the sheath 11 in the longitudinal direction of the sheath 11, that
is, right and left in Figure 21B, and is rotatable about the central axis of the sheath 11. The flexible shaft 12 is linearlymoved
and is rotated by a mechanism to be described later. Further, also the optical fiber 13 is rotated inside the flexible shaft
12 by the mechanism.
[0067] Light beam H propagated through the optical fiber 13 is collected by the GRIN lens 14 and changes its direction
of travel at the reflecting mirror 15 by 90°, thereby being converged on an outer portion of the circumference of the
sheath 11. When the flexible shaft 12 is moved in the sheath 11 inside thereof, the light beam H radiated outward of the
circumference of the sheath 11 is moved in this direction, whereby when the object is on the outer side of the sheath
11, the light beam H linearly scans the object in the longitudinal direction of the sheath 11. Figure 22 shows a state
where the flexible shaft 12 is moved from the state shown in Figures 21A and 21B by a distance LS.
[0068] When it is assumed in this structure that the distance from the reflecting mirror 15 to the focusing position of
the GRIN lens 14 is 1, the distance l1 from the central axis of the flexible shaft 12 to the focusing position of the GRIN
lens 14 is expressed by the following formula (21) in the setup shown in Figures 21A and 21B. 

[0069] Whereas, Figure 23A and 23B show a state where the optical fiber 13 is rotated by 180° in the flexible shaft
12 to make reverse the direction of the reflecting mirror 15 relatively to the flexible shaft 12 and at the same time the
flexible shaft 12 is rotated by 180° in the sheath 11. The distance from the central axis of the flexible shaft 12 to the
focusing position at this time is expressed by the following formula (22). 

That is, the distance from the central axis of the flexible shaft 12 to the focusing position of the light beam H can be
freely changed between the maximum li and the minimum l2. The width of the change is expressed by the following
formula (23). 

[0070] When the outer diameter of the sheath 11 is R, the depth of the focusing position from the outer periphery of
the sheath is l1-R at the largest and l2-R at the smallest. This is the actual range of the depth of the focusing position in
the object C. However, in order to continuously change the focusing position in the vertical direction of Figures 21 to 23,
the projecting direction of the light beam H must be set obliquely in the cross-section perpendicular to the longitudinal
direction, that is, at an angle to the direction of depth (for instance, a state shown in Figure 3) other than the state where
the focusing position takes the maximum depth l1-R or the minimum depth l2-R. Accordingly, it is necessary to set the
angular positions of the optical fiber 13 and the flexible shaft 12 according to the projecting direction of the light beam
H to be set.
[0071] When an optical tomography system is formed by the optical probe 110 of this embodiment where the focusing
position of the light beam H can be linearly changed in the direction of depth of the object C (in the direction of depth of
focus) as described above, and the light beam H can be linearly scanned in the longitudinal direction of the sheath 11,
a tomographic image of a two-dimensional cross-section including the direction of depth of the object C and the direction
of the axis of the flexible shaft 12 can be obtained.
[0072] The projecting direction of the light beam H may be constantly a direction of depth of the projection without
being oblique. In this case, it is necessary to provide a mechanism for laterally (right and left in Figure 21A) moving the
sheath 11 and to control the movement thereof in synchronization with rotation of the optical fiber 13 and the flexible
shaft 12. For example, when the flexible shaft 12 is clockwisely rotated by 90° and the optical fiber is counterclockwisely
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rotated by 90° from the state of Figure 21A, the sheath 11 may be moved rightward in Figure 21A by r.
[0073] A mechanism for linear movement and rotation of the flexible shaft 12 and for rotation of the optical fiber 13
will be described with reference Figure 24, hereinbelow. Figure 24 shows a base portion of the sheath 11 and the flexible
shaft 12 and the vicinity thereof opposite to the leading end portion thereof. As shown in Figure 24, the flexible shaft 12
is supported for rotation by a probe receiving portion 102 by way of a shaft bearing 101. The base portion of the flexible
shaft 12 is in mesh with a spur gear 103 and another spur gear 104 is in mesh with the spur gear 103. The spur gear
104 is rotated by a shaft rotating motor 105, whereby the flexible shaft 12 is rotated inside the sheath 11.
[0074] A fiber rotating motor 106 is disposed in the base portion of the flexible shaft 12 and optical fiber 13 is rotated
in the flexible shaft 12 relatively thereto as described above by rotation of the motor 106.
[0075] An end of a rod 107 is connected to the probe receiving portion 102 and the other end of the rod 107 is connected
to the vicinity of the periphery of a rotary disk 108. The rod 107 and the disk 108 form a slider-crank mechanism.
Accordingly, when the disk 108 is rotated by a driving means (not shown), the probe receiving portion 102 is moved
right and left in Figure 24 and the flexible shaft 12 is linearly moved in the longitudinal direction of the sheath 11 inside
thereof. The flexible shaft 12 may be linearly moved, for instance, by an electromagnetic actuator instead of the slider-
crank mechanism.
[0076] In this embodiment, since the flexible shaft 12 is rotatable in the sheath 11, it is possible to rotatively scan the
light beam H in response to rotation of the flexible shaft 12 as in the optical probe 10 of the first embodiment. In this
case, since not only a tomographic image in the longitudinal direction of the sheath 11 but also a tomographic image in
the circumferential direction of the sheath 11 can be obtained, a three-dimensional tomographic image can be formed.
[0077] When the light beam H is only linearly scanned without rotary scan thereof, the rotating range of the optical
fiber 13 may only have to be ensured by 360°. It is preferred that though the direction of the optical fiber 13 is changed
by 90° in the probe receiving portion 102, twist is absorbed in response to rotation by 360° (described above) at most
by providing a play in the part where the direction of the optical fiber 13 is changed. When it is difficult to do so, a coupling
means may be disposed in the vicinity of the part where a twist is generated, that is, a part shown by the broken line J
in Figure 24 so that the two parts of the optical fiber 13 are coupled together there. However, since a light propagation
loss is generated in the coupling and/or the coupling can add to the cost in this case, it is preferred that the optical fiber
13 comprises a single part.
[0078] Though the optical tomography system on the basis of measurement of OCT, especially FD-OCT (Fourier
domain OCT), is generally able to scan the direction of depth at high speed, the tomographic image obtaining range
thereof is limited to a region close to a focusing position. When a high resolution is required, it is necessary to increase
the NA, thereby improving the lateral resolution. However, as the NA increases, the depth of focus becomes shallower
and the resolution is rapidly deteriorated when deviated from the focusing position. Accordingly, a mechanism for changing
the focusing position, that is, a dynamic focus mechanism, is necessary to ensure a high resolution over a wider range
in the direction of depth. The optical probe 110 of this embodiment satisfies the requirement.
[0079] An optical probe 120 in accordance with a ninth embodiment of the present invention will be described with
reference to Figures 25A, 25B, 26A and 26B, hereinbelow. The relation between A and B in these drawings is the same
as that between Figures 21A and 21B. The optical probe 120 of this embodiment differs from the optical probe 110
shown in Figures 21A to 23B only in that the NA changing lens 21 is provided.
[0080] That is, in the optical probe 120, the NA changing lens 21 is fixed to the leading end of the flexible shaft 12.
The NA changing lens 21 is disposed opposite to the reflecting mirror 15 with the central axis of the flexible shaft 12
interposed therebetween.
[0081] In a state shown in Figures 25A and 25B where the distance from the central axis of the flexible shaft 12 to the
focusing position of the light beam H is maximized to l1, light beam H radiated from the reflecting mirror 15 travels in the
direction opposite to the NA changing lens 21 and does not pass through the NA changing lens 21. Whereas, in a state
shown in Figures 26A and 26B where the distance from the central axis of the flexible shaft 12 to the focusing position
of the light beam H is minimized to l2, light beam H radiated from the reflecting mirror 15 travels toward the NA changing
lens 21 and passes through the NA changing lens 21.
[0082] In the case where the NA changing lens 21 is a convex lens, the NA to the light beam H is increased from the
case when the light beam H does not pass through the NA changing lens 21, and the lateral resolution in the focusing
position is improved. Conversely, in the case where the NA changing lens 21 is a concave lens, the NA to the light beam
H is decreased from the case when the light beam H does not pass through the NA changing lens 21, and the lateral
resolution in the focusing position is deteriorated. As the NA increases, though being better in the focusing position, the
lateral resolution is rapidly deteriorated when deviated from the focusing position in the direction of the optical axis
(direction of depth of the object). By employing the arrangement of this embodiment, the NA can be reduced when the
measurement is to be done over a range wide in the direction of depth, the NA can be increased when the measurement
is to be done at a high resolution only at the aimed depth.
[0083] Though, in the optical probe 120 in accordance with this embodiment, a state where light beam H is passed
through the NA changing lens and a state where light beam H is not passed through the NA changing lens can be
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selectively set, even in the optical probe where the light beam H is linearly scanned, the arrangement in Figure 12 may
be employed so that the light beam H is passed through one of a plurality of the NA changing lenses different from each
other.

Claims

1. An optical probe (10, 40, 50, 70, 110) comprising
a tubular outer envelope (11),
a flexible shaft (12) which is inside the outer envelope (11) and is rotatable about an axis of rotation extending in
the longitudinal direction of the outer envelope (11),
a light guide means (13) which is disposed inside the outer envelope (11) to extend along the shaft (12) and is
connected to the shaft (12) at least at the leading end portion of the light guide means (13),
a light deflecting means (15) which is connected to the leading end portion of the light guide means (13) and deflects
light radiated from the leading end portion of the light guide means (13),
a collecting lens (14) disposed between the light guide means (13) and the light deflecting means (15) and adapted
to converge light radiated from the light deflecting means outside the outer envelope (11), a portion from the leading
end portion of the light guide means to the light deflecting means (15) being rotatable inside the flexible shaft (12), and
a motor (84),
wherein said light guide means (13), said collecting lens (14) and said light deflecting means (15) are connected to
each other such that they can be rotated integrally by said motor (84), that light emitted from the light deflecting
means (15) is rotatively scanned in the direction of circumference of the outer envelope (11) in response to rotation
of the shaft (12) and the light deflecting means (15) is connected to the shaft (12) in a position deviated from the
axis of rotation of the shaft (12) and is movable relatively to the shaft (12) so that the direction of light deflected by
the light deflecting means (15) can be changed, thereby changing the focusing position of the collecting lens.

2. An optical probe (20, 30, 40, 50, 60, 120) comprising a tubular outer envelope (11),
a flexible shaft (12) which is inside the outer envelope (11) and is rotatable about an axis of rotation extending
longitudinal direction of the outer envelope,
a light guide means (13) which is disposed inside the outer envelope (11) to extend along the shaft and is connected
to the shaft at least at the leading end portion of the light guide means (13),
a light deflecting means (15) which is connected to the leading end portion of the light guide means and deflects
light radiated from the leading end portion of the light guide means,
a collecting lens (14) disposed between the light guide means (13) and the light deflecting means (15) and adapted
to converge light radiated from the light deflecting means outside the outer envelope (11), a portion from the leading
end portion of the light guide means to the light deflecting means (15) being rotatable inside the flexible shaft (12), and
a motor (84),
wherein said light guide means (13), said collecting lens (14) and said light deflecting means (15) are connected to
each other such that they can be rotated integrally by said motor (84), that light emitted from the light deflecting
means (15) is rotatively scanned in the direction of circumference of the outer envelope (11) in response to rotation
of the shaft, and at least one NA changing lens (21, 22, 23, 25) is mounted on the shaft (12) while the light deflecting
means (15) is movable relatively to the shaft (12) so that a state where light radiated therefrom is passed through
the NA changing lens (21) and a state where light radiated therefrom is not passed through the NA changing lens
(21) can be set.

3. An optical probe (110) as defined in claim 1, in which light emitted from the light deflecting means (15) is linearly
scanned in the direction of movement of the shaft (12) in response to movement of the shaft (12) in the longitudinal
direction of the outer envelope (11) so that the direction of light deflected by the light deflecting means (15) can be
changed in this position and is rotatable about an axis parallel to the longitudinal direction of the outer envelope
(11) inside the outer envelope (11).

4. An optical probe as defined in claim 2 in which a plurality of the NA changing lenses are provided and the light
deflecting means (15) is movable relatively to the shaft (12) so that the NA changing lens (21) which light radiated
from the light deflecting means (15) is passed through can be selected.

5. An optical probe as defined in any one of claims 1 to 4 in which an optical fiber (13) is employed as the light guide
means and the optical fiber connected to the shaft (12) at its leading end portion is movable relatively to the shaft
by rotation of the optical fiber (13) about its axis.
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Patentansprüche

1. Optische Sonde (10, 40, 50, 70, 110), umfassend
eine schlauchförmige Außenhülle (11),
einen flexiblen Schaft (12), der sich im Inneren der Außenhülle (11) befindet und um eine Drehachse drehbar ist,
die sich in Längsrichtung der Außenhülle (11) erstreckt,
eine Lichtleiteinrichtung (13), die sich im Inneren der Außenhülle (11) befindet und sich entlang dem Schaft (12)
erstreckt, und die mit dem Schaft (12) zumindest an dem vorderen Endbereich der Lichtleiteinrichtung (13) ange-
schlossen ist,
eine Lichtablenkeinrichtung (15), die mit dem vorderen Endbereich der Lichtleiteinrichtung (13) verbunden ist und
von dem vorderen Endbereich der Lichtleiteinrichtung (13) abgestrahltes Licht ablenkt,
eine Sammellinse (14), die sich zwischen der Lichtleiteinrichtung (13) und der Lichtablenkeinrichtung (15) befindet
und dazu ausgebildet ist, von der Lichtablenkeinrichtung abgestrahltes Licht außerhalb der Außenhülle (11) zu
sammeln, wobei ein Abschnitt von dem vorderen Endbereich der Lichtleiteinrichtung hin zu der Lichtablenkeinrich-
tung (15) im Inneren des flexiblen Schafts drehbar ist, und
einen Motor (84),
wobei die Lichtleiteinrichtung (13), die Sammellinse (14) und die Lichtablenkeinrichtung (15) miteinander derart
verbunden sind, dass sie als ein Stück von dem Motor (84) gedreht werden können, dass von der Lichtablenkein-
richtung (15) abgegebenes Licht drehend in Umfangsrichtung der Außenhülle (11) ansprechend auf die Drehung
des Schafts (12) eine Abtastung ausführt, und die Lichtablenkeinrichtung (15) mit dem Schaft (11) an einer Stelle
verbunden ist, die gegenüber der Drehachse des Schafts (12) versetzt und relativ zu dem Schaft (12) bewegbar
ist, so dass die Richtung des von der Lichtablenkeinrichtung (15) abgelenkten Lichts änderbar ist, um dadurch die
Fokussierstelle der Sammellinse zu ändern.

2. Optische Sonde (20, 30, 40, 50, 60, 120) umfassend
eine schlauchförmige Außenhülle (11),
einen flexiblen Schaft (12), der sich im Inneren der Außenhülle (11) befindet und um eine Drehachse drehbar ist,
die sich in Längsrichtung der Außenhülle erstreckt,
eine Lichtleiteinrichtung (13), die sich im Inneren der Außenhülle (11) befindet und sich entlang dem Schaft erstreckt,
und mit der Welle zumindest an dem vorderen Endbereich der Lichtleiteinrichtung (13) verbunden ist,
eine Lichtablenkeinrichtung (15), die mit dem vorderen Endbereich der Lichtleiteinrichtung verbunden ist und von
dem vorderen Endbereich der Lichtleiteinrichtung abgestrahltes Licht ablenkt,
eine Sammellinse (14), die sich zwischen der Lichtleiteinrichtung (13) und der Lichtablenkeinrichtung (15) befindet
und dazu ausgebildet ist, von der Lichtablenkeinrichtung abgestrahltes Licht außerhalb der Außenhülle (11) zu
sammeln, wobei ein Abschnitt von dem vorderen Endbereich der Lichtleiteinrichtung hin zu der Lichtablenkeinrich-
tung (15) im Inneren des flexiblen Schafts drehbar ist, und
einen Motor (84),
wobei die Lichtleiteinrichtung (13), die Sammellinse (14) und die Lichtablenkeinrichtung (15) derart miteinander
verbunden sind, dass sie sich als ein Stück von dem Motor (84) drehen lassen, das von der Lichtablenkeinrichtung
(15) abgegebenes Licht drehend in Umfangsrichtung der Außenhülle (11) ansprechend auf die Drehung des Schafts
eine Abtastung durchführt, und mindestens eine NA-Änderungslinse (21, 22, 23, 25) an dem Schaft (12) angebracht
ist, während die Lichtablenkeinrichtung (15) relativ zu dem Schaft (12) derart bewegbar ist, dass ein Zustand, in
welchem von ihr abgestrahltes Licht durch die NA-Änderungslinse (21) hindurchtritt, und sich ein Zustand einstellen
lässt, in welchem von ihr abgestrahltes Licht nicht durch die NA-Änderungslinse (21) hindurchgeht.

3. Optische Sonde (110) nach Anspruch 1, bei der von der Lichtablenkeinrichtung (15) abgegebenes Licht in Bewe-
gungsrichtung des Schafts (12) ansprechend auf eine Bewegung des Schafts (12) in längsrichtung der Außenhülle
(11) eine lineare Abtastung durchführt, so dass die Richtung des von der Lichtablenkeinrichtung (15) abgelenkten
Lichts in seiner Lage änderbar ist, und um eine Achse parallel zur Längsrichtung der Außenhülle (11) im Inneren
der Außenhülle (11) drehbar ist.

4. Optische Sonde nach Anspruch 2, in der mehrere NA-Änderungslinsen vorgesehen sind und die Lichtablenkein-
richtung (15) relativ zu dem Schaft (12) bewegbar ist, so dass die NA-Änderungslinse (21) auswählbar ist, die von
der Lichtablenkeinrichtung (15) abgestrahltes Licht durchlässt.

5. Optische Sonde nach einem der Ansprüche 1 bis 4, bei der eine optische Faser (13) als Lichtleiteinrichtung verwendet
wird, und die mit dem Schaft (12) an dessen vorderen Endbereich verbundenen optische Faser relativ zu dem Schaft
bewegbar ist durch Drehen der optischen Faser (13) um ihre Achse.
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Revendications

1. Sonde optique (10, 40, 50, 70, 110) comprenant
une enveloppe externe tubulaire (11),
un arbre flexible (12) qui est situé à l’intérieur de l’enveloppe externe (11) et que l’on peut faire tourner autour d’un
axe de rotation s’étendant dans la direction longitudinale de l’enveloppe externe (11),
un moyen de guidage de lumière (13) qui est disposé à l’intérieur de l’enveloppe externe (11) s’étendant le long de
l’arbre (12) et qui est raccordé à l’arbre (12) au moins au niveau de la partie d’extrémité avant du moyen de guidage
de lumière (13),
un moyen de déviation de lumière (15) qui est raccordé à la partie d’extrémité avant du moyen de guidage de lumière
(13) et qui dévie la lumière rayonnée par la partie d’extrémité avant du moyen de guidage de lumière (13),
une lentille de collecte (14) disposée entre le moyen de guidage de lumière (13) et le moyen de déviation de lumière
(15) et adaptée à faire converger la lumière rayonnée par le moyen de déviation de lumière à l’extérieur de l’enveloppe
externe (11), une partie de la partie d’extrémité avant du moyen de guidage de lumière vers le moyen de déviation
de lumière (15) pouvant tourner à l’intérieur de l’arbre flexible (12), et
un moteur (84),
dans laquelle ledit moyen de guidage de lumière (13), ladite lentille de collecte (14) et ledit moyen de déviation de
lumière (15) sont raccordés entre eux de sorte que ledit moteur (84) peut les faire tourner tous ensemble, de sorte
que la lumière émise par le moyen de déviation de lumière (15) est balayée de façon rotative dans le sens de la
circonférence de l’enveloppe externe (11) en réponse à la rotation de l’arbre (12) et le moyen de déviation de lumière
(15) est raccordé à l’arbre (12) dans une position qui s’écarte de l’axe de rotation de l’arbre (12) et peut être déplacé
par rapport à l’arbre (12) de sorte à pouvoir modifier la direction de la lumière déviée par le moyen de déviation de
lumière (15), modifiant ainsi la position de focalisation de la lentille de collecte.

2. Sonde optique (20, 30, 40, 50, 60, 120) comprenant
une enveloppe externe tubulaire (11),
un arbre flexible (12) qui est situé à l’intérieur de l’enveloppe externe (11) et que l’on peut faire tourner autour d’un
axe de rotation s’étendant dans la direction longitudinale de l’enveloppe externe,
un moyen de guidage de lumière (13) qui est disposé à l’intérieur de l’enveloppe externe (11) s’étendant le long de
l’arbre et qui est raccordé à l’arbre au moins au niveau de la partie d’extrémité avant du moyen de guidage de
lumière (13),
un moyen de déviation de lumière (15) qui est raccordé à la partie d’extrémité avant du moyen de guidage de lumière
et qui dévie la lumière rayonnée par la partie d’extrémité avant du moyen de guidage de lumière,
une lentille de collecte (14) disposée entre le moyen de guidage de lumière (13) et le moyen de déviation de lumière
(15) et adaptée à faire converger la lumière rayonnée par le moyen de déviation de lumière à l’extérieur de l’enveloppe
externe (11), une partie de la partie d’extrémité avant du moyen de guidage de lumière vers le moyen de déviation
de lumière (15) pouvant tourner à l’intérieur de l’arbre flexible (12), et
un moteur (84),
dans laquelle ledit moyen de guidage de lumière (13), ladite lentille de collecte (14) et ledit moyen de déviation de
lumière (15) sont raccordés entre eux de sorte que ledit moteur (84) peut les faire tourner tous ensemble, de sorte
que la lumière émise par le moyen de déviation de lumière (15) est balayée de façon rotative dans le sens de la
circonférence de l’enveloppe externe (11) en réponse à la rotation de l’arbre, et au moins une lentille à ouverture
numérique variable (21, 22, 23, 25) est montée sur l’arbre (12), tandis que le moyen de déviation de lumière (15)
est mobile par rapport à l’arbre (12) de sorte à pouvoir fixer un état où la lumière rayonnée par celui-ci traverse la
lentille à ouverture numérique variable (21) et un état où la lumière rayonnée par celui-ci ne traverse pas la lentille
à ouverture numérique variable (21).

3. Sonde optique (110) selon la revendication 1, dans laquelle la lumière émise par le moyen de déviation de lumière
(15) est balayée de façon linéaire dans le sens du mouvement de l’arbre (12) en réponse au mouvement de l’arbre
(12) dans la direction longitudinale de l’enveloppe externe (11) de sorte que la direction de la lumière déviée par le
moyen de déviation de lumière (15) peut être modifiée dans cette position et peut tourner autour d’un axe parallèle
à la direction longitudinale de l’enveloppe externe (11) à l’intérieur de l’enveloppe externe (11).

4. Sonde optique selon la revendication 2, dans laquelle une pluralité des lentilles à ouverture numérique variable sont
prévues et le moyen de déviation de lumière (15) est mobile par rapport à l’arbre (12) de sorte que la lentille à
ouverture numérique variable (21) traversée par la lumière rayonnée par le moyen de déviation de lumière (15) peut
être sélectionnée.
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5. Sonde optique selon l’une quelconque des revendications 1 à 4, dans laquelle une fibre optique (13) est utilisée en
tant que moyen de guidage de lumière et la fibre optique raccordée à l’arbre (12) à sa partie d’extrémité avant est
mobile par rapport à l’arbre par rotation de la fibre optique (13) autour de son axe.
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