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DESCRIPTION

Title of Invention

OPTICAL COHERENCE TOMOGRAPHIC IMAGING APPARATUS

Technical Field
[0001]

The présent invention relates to an optical
coherence tomographic imaging apparatus applied to a
disease diagnosis apparatus and the like using, for
example, a fundus/retinal image, and more particularly
to an optical coherence tomographic imaging apparatus
for creating tomographic spectral information together
with an optical coherence tomographic image by optical

interference signal information.

Background Art
[0002]

Recently, an optical coherence tomographic imaging
apparatus making use of a technique of a low-coherence
interferometer or a white light interferometer has cOﬁe
into practical use. The device, which is often called
OCT (Optical Coherence Tomography) device, is used
particularly in an ophthalmologic field to obtain a
fundus tomographic image. Further, the device also
tries to perform a tomographic observation of a skin and

tomographic imaging of digestive and circulatory organ
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walls by being arranged as an endoscope and a catheter
in addition to the ophthalmology.
[0003]

In the OCT device, low coherence properties are
required foralight source. Alowcoherence light source
has a wide spectrum as compared with a laser light source
and the like having high coherence. A resolution of the
OCT device is discussed as resolutions in two directions,
that is, as a resolution in a tomographic direction
(longitudinal direction) and a resolution in a lateral
direction vertical to a tomography, whgrein the
resolution in the tomographic direction is determined
byaspectrumwidthofaJjghtsource,amdawiderspectrum
width improves the resolution in the tomographic
direction. That is, when a light source having a wide
spectrumwidth is used, a narrow range can be drawn better
in a longitudinal direction.

The longitudinal resolution Rz is inversely
proportional to a wavelength width (spectrum width) of
a light source or strictly to a wavelength width AA
detected through a system after it is incident from the
light source and is proportional to a sgquare of a center
wavelength and is shown by

expression 1) Rz = kz x (A2/AN) .

Here, kz is a constant of about 0.4.

[0004]

A wavelength width AA in an actual OCT device is



10

15

20

25

WO 2010/074343 PCT/JP2009/071895

typically about 20 nm to 200 nm, and wavelength widths
of50rm1to100nmare(xmmerciallyusédamongthem. They
have a considerably wide band in consideration that a
typical wavelength width of a laser used for a scanning
laser microscope and a scanning laser ophthalmoscope
(SLO) is 5 nm or less.

[0005]

Accordingly, in the OCT device for obtaining
informationby radiating the broadband light to apatient
under examination, it is expected that spectral
characteristics of the patient under examination, i. e.,
a spectral reflectance, a spectral absorption
coeffidient, a spectral dependence of dispersion, and
the like can be measured at the same time.

[0006]

To satisfy the expectation, a research of a
so-called spectrum OCT is executed, a method using the
Short Time Fourier transformation (STFT) shown in, for
ekample,Non—PatentDocument].isexperimentallyproven,
and an arrangement disclosed in Patent Document 1 is
proposed using this type of the technique. A typical
mode using the conventional method will be described
below with reference to Figs. 15 to 20.

[0007]

In Fig. 15, light emitted from a light source 1401

is guided by a single mode optical fiber 1402 and caused

tobe incident ona fiber optical coupler 1403. The light
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incident from the fiber 1402 is branched to two output
fibers by the fiber optical coupler 1403. One of the
output fibers is connected to a fundus imaging optical
system as a signal light path of the Mach-Zehnder
interferometer, and the other output fiber is connected
to a reference light path of the interferometer.
[0008]

In the signal light path, after 1ight outgoing from
a fiber end passes through an optical circulator 1404a,
it is converted to parallel light by a collimate lens
1405a, transferred in a space, and incident on an XY
scanner 1406. The XY scanner 1406 is a reflection type
optical scanning device for controlling é
two-dimensional reflection angle, and reflected signal
light is guided by a scanning lens 1407 and an eyepiece
1408 and incident onaneye 1409. The signal light, which
is parallel, is focused on a fundus observation target
portion 1410 by a écanning optical system composed of
the XY scanner 1406, the scanning lens 1407, and the
eyepiece 1408 including an optical action of eyes. The
position of the fundus observation target portion 1410
is two-dimensionally scanned on a surface approximately
vertical toanoptical axisona fundus. A focusposition
in a depth direction is adjusted by the eyepiece 1408.
[0009]

A scan control and a focus control are integrally

performed together with other controls by the XY scanner
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1406 and a control/signal processing unit 1501 to which
a focus drive actuator 1411 is connected. The signal
light, which travels in a reverée direction passing
through an approximately the same light path, of
reflected l1ight and back~-scattered l1ight from the fundus
observation target portion 1410 is incident on a fiber
optical coupler 1414 after it passes through the optical
circulator 1404a through the collimate lens 1405a again.
[0010]

In contrast, after the reference light is branched
by the fiber optical coupler 1403 and passes through an
optical circulator 1404b, it is converted to parallel
light by a collimate lens 1405b and reflected by a
reference light mirror 1412 installed on a light delay
driver 1413 so that it travels in its light path in a
reverse direction. The position of the reference light
mirror 1412 is determined such that the total length of
tﬁe reference light path is reciprocatingly scanned in
a predetermined range using the signal light path as a
reference by controlling the light delay driver 1413.
[0011]

The light delay driver 1413 is connected to a
control/signal processing unit 1501 and integraliy
controlled together with other controls. After the
reference light that travels in the reverse direction
passes through theoptical circulator 1404b againthrough

the collimate lens 1405b, it is incident on the fiber
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optical coupler 1414.
[0012]

The signal light and the reference light incident
on the fiber optical coupler 1414 are branched to a ratio
of 50:50, respectively, separated to components
traveliﬁg to two photoelectric detectors 1415, and
transferred in fibers. Each of the fibers is composed
of a single mode fiber. Since the signal light and the
reference light have the same transfer mode in the fibers,
they are superposed with each other and cause optical
interference. Optical interference signals are
converted to electric signals by the photoelectric
detectors 1415 énd transmitted to control/signal
processing units 1501.

[0013]

Next, an arrangement and an operation of the
control/signal processing units 1501 will be described
with referenée to Fig. 16.

[0014]

The control/signal processing units 1501 control
the XY scanner i406, the light delay driver 1413, a focus
driver 1411, and the photoelectric detectors 1415,
réspectively and are provided with drivers and capture
units for receiving signals which detect an angle, a
position, and an optical signal.

[0015]

An electric circuit 1is configured such that the
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electric signals, voltages, from the two photoelectric
detectors 1415, are differentially amplified by an
amplifier 1502 and constitute a balanced detector in a
so-called Heterodyne interferometer. More
specifically, this is a detection system for amplifying
only interference components in the optical interference
signals generated by changing a light delay length by
the light delay driver 1413 and suppressing the
fluctuations of intensities of the reference light and
the signal light, respectively.

[0016]

After predetermined frequency regions are
extracted from the interference components, which are
extracted by the differential amplification, by a
filter/detector unit 1503, amplitudes are detected and
low noise optical interference amplitude signals are
obtained. The optical interference signals are
digitalized by a digital sampling unit 1504 at a
predeterminedsamplingrateandtransmittedto?acentral
processing unit 1505.

[0017]

The central processing unit 1505 compares digital
optical interference signals, whichare transmitted time
sequentially, with a scanner position
signal/synchronization signal from an XY scanner driver
1506, a delay position signal/synchronization signal

fromalight delaydriver 1507 and a focus position signal
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fromeafocusdriver1508sotjmu:ﬁheopticalinterference
signals are caused to correspond to a position on the
fundus observation target portion. Thereafter, the
optical interference signals are allocated to each
predetermined pixel and made to an image which is
displayed on an image display unit 1509.

[0018]

The central processing unit 1505 further performs
a process for calculating tomographic spectral
information from the optical interference signals. How
the process is performedwill be describedwithreference
to Figs. 17 to 20B.

[0019]

Fig. 17 is a schematic view showing a spectral
information calculation pixel 1602 and a peripheral
region 1603 in an OCT tomographic image 1601 determined
by the central processingunit 1505. Here, the spectral
informationcalculationpixel indicates a positionwhere
a spectrum image is calculated. Fig. 18A is an enlarged
viewof Fig. 17, andFig. 18Bisaviewshowing how spectral
information calculation pixel 1602 corresponds to an
optical interference signal 1604 used for calculating
the spectral information.

[0020]
| In Fig. 18B, a region of the interference signal,
which regionis centeredat Z-coordinate z1 corresponding

to the spectral information calculation pixel 1602 and
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has a width 6z in a z-direction, is used to calculate
the spectral informationof thepixel. Thatis, aportion
corresponding to the region is cut out from the optical
interference signal 1604 and used for the calculation.
The cut-out portion can be obtained by disposing a window
function shown in Fig. 19 to z1 which is the Z-position
of the pixel and multiplying it.

[0021]

Next, the cut-out portion is subjected to the
Fourier transformation. This is an arithmetic process
called the Short Time Fourier transformation (STFT)
including a cut-out portion. Components after the
Fourier transformation as described above show how much
resbective wavelength width components are included in
a light source and the optical interference signals as
shown in a right below view of Fig. 19. This is because
the cycle of the oscillation in the interference signal
when changing the light delay, is determined by a
difference between light path lengths of delays
normalized by the light wavelength and thus optical
interference signals having a high frequency component
can be obtainéd in a short wavelength and optical
interference signals having a low frequency component

can be obtained in a long wavelength.

- [0022]

A left below graph of Fig. 19 shows a comparison

of the light wavelength components obtained by the
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Fourier transformation with an original spectrum of the
light source. It is found that attenuation occurs. in
longer waveiengths, A3 and A4, in the example. Thus,
an optical spectrum can be obtained at the optional

position z1l. As shown in Fig. 20A, to create an image
from the optical spectrum, it is possible to determine
a center of gravity Ag of the optical spectrum and uses
it as asingle index. The example shows Ag corresponding
to a pixel position (x1, zl). An image, in which the
center of gravity of the optical spectrum is allocated
to the respective pixels of an x-z cross-sectional image
(so—calledB—scanimage),cankxaformedknzrepeatingthe
arithmetic operation to the other pixels (x, z) as

described above. Patent Document 1 discloses an example
in which both of a morphology image and a spectrum image
are shown in optical tomography by the above method and

used for diagnosis.

Citation List
Patent Literature
[0023]
PTL1l: Japanese Patent Application Laid-Open No.
2002-172117
Non Patent Literature
[0024]
NPL1: Optics Letters Vol. 25, No. 2 (2000) pp.

111-113
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SUMMARY OF THE INVENTION
[0025]

However, the OCT device described above has a
problem in that if the accuracy of position is increased
when obtaining tomographic spectral information at a
certain position in a tomographic image, the accuracy
of theAspectral information will be decreased.

[0026]

For éxample, in the above example, tomographic
spectral information at the depth position z1l in Fig.
19 is created based on the optical interference signals
having the width 8z. A specification of a typical
spectrum OCT is such that a 1light séurce has a wavelength
width of 150 nm and a depth resolution in a corresponding
living body, that is, a size of a depth pixel is about
1l um. Accordingly, anintrinsic spectrumOCT preferably

obtains tomographic spectral information by setting 8z

to a width as large as a pixel.
[0027]

However, it is known froma restrictioninprinciple
based on the Fourier transformation that a product of
the resolution 8z in a depth direction and the accuracy
dv of the tomographic spectral information have an upper

limit. Here, v is an optical frequency, and v = c/A (c
is a light velocity).

([0028]

11
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The produét is known to have coﬁstraint of 8z-6v 2
c/4n. Representing a wavelength acéuracy A = dv-A/v,
and assuming a living body where the light wavelength
is 0.8 pum, the product 6z:0v is shown to héve a minimum
value of about 70 pm-nm. That is, whendz is 1l um, spectrum
accuracy OA becomes about 70 nm, and its unceftainty is
increased to about half the wavelength width of 150 nm
of the light source.

[0029]

Incontrast, tomographic spectral information used
in an example of a typical spectrum OCT has 0z set from
about 50 pm to 200 pum, and, in this case, the spectrum
accuracy OA is better than 2 nm. Although this value
is sufficient as the speétrum accuracy, it 1is
insufficient for tomography, since the target for
obtaining tomographic spectral information, for example
a blood capillary, has a structure of 5 um to 10 pm. Also
the position accuracy 0A is insufficient for observing
a dyed cell three-dimensionally.

[0030]

'As described above, the conventional spectrum OCT.
device has a problem in that it cannot realize a device
capable of outputting tomographic spectral information
corresponding to a fine tomography structure with high
wavelength accuracy.

[0031]

An object of the present invention, which was made

12
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to solve the above problems, is to provide an optical
coherence tomographic imaging apparatus capable of
outputting tomographic specﬁral information
correspondingtx;an optical coherence tomographic image
with high wavelength accuracy.
(003271

To achieve the above object, there is provided an
optical coherence tomographic imaging apparatus for
splitting light emitted from a light source into
reference light and signal light and creating an optical
coherence tomographic_image and tomographic spectral .
information in a predetermined spectral analyzing
portion in the optical coherence tomographic image base
on optical interference signal information of the
referénce light and the signal light which are incident
on an inspection target and reflected on fespective
layers, the optical coherence tomographic imaging
apparatus comprising a spectral information processing
unit which perférms a spectral information calculation
using an optical interference signal of a deeper region,
which is positioned deeper than the spectral analyzing
portion with respect to a light emitting direction, to
create the tomographic spectral information of the
spectral analyzing portion.
[Advantageous Effect of Invention]
[0033]

The present inventionrealizes anoptical coherence

13
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tomographic imaging apparatus capable of outputting
tomographic spectral information corresponding to an
optical coherence tomographic imagewithhighwavelength

accuracy.

Brief Description of Drawings
[0034]

Fig. 1 is a schematic view showing function blocks
of an optical coherence tomographic imaging apparatus
accordingtoa first embodiment of the present invention.

Fig. 2 is a schematic view showing an arrangement
of an optical measuring system of the optical coherence
tomographic imaging apparatus according tQ the first
embodiment of the present invention.

Fig. 3 is a schematic view showing function blocks
of a control/signal processing unit of Fig. 2.

Fig. 4 is a schematic view showing an aspect of
designating a spectral analyzing region of the optical
coherence tomographic imaging apparatus according to the
first embodiment of the present invention.

Fig. 5A is a schematic view showing an aspect of
designating a spectral analyzing region according to the
first embodiment of the present invention.

Fig. 5B is a schematic view showing an aspect of
designating a shadow region according to the first
embodiment of the present invention.

Fig. 6 is a schematic view showing function blocks

14
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of a spectral information processing unit according to
the first embodiment of the present invention.

Fig. 7A is a schematic view showing an optical
spectral signal obtained fromthe shadowregionaccording
to the first embodiment of the present invention.‘

Fig. 7B is a schematic view showing a standardized
optical spectrum obtained by normalizing the optical

spectral signal obtained fromthe shadowregionaccording

to the first embodiment of the present invention by a

spectrum of a light source.

Fig. 7C is a schematic view showing a spectrum of
an analyzing portion according to the first embodiment
of the present invention.

Fig. 8 is a schematic view showing an example of
an image displayed by the optical coherence tomographic
imaging apparatus according to the first embodiment of
the'present invention.

Fig. 9 is a schematic view showing another example
of the image displayed by the optical coherence
tomographic imaging apparatus according to the first
embodiment of the present invention.

Fig. 10 is-a schematic view showing still another

example of the image displayed by the optical coherence

~tomographic imaging apparatus according to the first

embodiment of the present invention.
Fig. 11A is a schematic view showing an aspect of

designating a shadow region of an optical coherence

15
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tomographic imaging apparatus according to a second
embodiment of the present invention.

Fig. 11B is a schematic view showing an aspect of
designating an extended region of the optical coherence
tomographic imaging apparatus according to the second
embodiment of the present invention.

Fig. 12A is a schematic view showing optical
spectral signals obtained from the shadow region and the
extended region of the second embodiment according to
the present invention.

Fig. 12B is a schematic view showing a normalized
spectrum obtained by normalizing an optical spectral
signal obtained from the shadow region according to the
second embodiment of the present invention by an optical
spectrum obtained from the extended region.

Fig. 12C is a schematic view showing a spectrum of
an analyzing portion according to the second embodiment
of the present invention.

Fig. 13A is a schematicview showing another example
of designating a shadow regiontoabloodvessel according
to the second embodiment of the present invention.

Fig. 13Bis aschematicview showing another example
of designating an extended region to the blood vessel
according to the second embodiment of the present
invention.

Fig. 13C is a schematic view showing still another

example of designating the extended region to the blood

16
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vessel according to the second embodiment of the present
invention.

Fig. 14 is a schematic view showing function blocks
of a modificétion of the embodiments of the present
invention.

Fig. 15 is a schematic view showing an arrangement
of an optical measuring system of an optical coherence
tomographic imaging apparatus in a conventional |
technique.

Fig. 16 is a schematic view showing function blocks
of a control/signal processing unit in the conventional
technique.

Fig. 17 is a schematic view showing an aspect of
designating.a spectral analyzing region designation in
the conventional technique.

Fig. 18A 1s a schematic view showing a region
designation in the éonventioﬁal technique.

Fig. 18B is a schematic view showing an optical
interference signal corresponding to adesignated region
in the conventional technique.

Fig. 19 is a schematic view showing an outline of
a Fourier transformation and spectral information
processing in the conventional technique.

Fig. 20A is a schematic view showing an example of

- the spectral information processing in the conventional

technique.

Fig. 20B is a schematic view showing an example of

17
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the spectral information processing in the conventional

technique.

Description of Embodiments
[0035]

The present inventionwill be described below based
on illustrated examples in detail.
[First Embodiment]

[0036]

Fig. 1 is a function block diagram schematically
showing an optical coherence tomographic imaging
apparatus according to an embodiment of the present
invention.

[0037]

The optical coherence tomographic imaging
apparatus has an OCT optical coherence measuring unit
101 for measuring an optical interference signal and a
morpﬁology image creation unit 102 for creating an
optical coherence tomographic image based on the |
information.

[0038]

The OCT optical interference measuring unit 101
obtains, creates, and . outputs optical interference
signal informationand its accompanying information, i.e.
position information (a tomography depth direction and
adirectionorthogonal tothe tomographydepthdirection).

That is, the OCT optical interference measuring unit 101

18
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branches illumination light outgoing froma light source
to reference light and signal light and obtains the
opticalinterferéncesignalinformationknzcombiningthe
reference light and the signal light which is incident
in an inspection ‘target and reflected on respective
layers.

[0039]

The optical coherence tomographic imaging
apparatus further has a spectral analyzing portion
designation unit 103 for designating a position and a
range of a spectral analyzing portion in an optical
coherence tomogfaphic image and a spectral information
processing unit 104 for creating tomographic spectral
information of a designated spectral analyzing portion.

The analyzing portion designation unit 103
discriminates which portion of the morphology image is
to be calculated, and outputs it as spectral aﬁalyzing
portion information. Further, the information is
transmitted to an information storage unit 111 so that
it is stored therein.

The spectral information processing unit 104
calculates spectral information by an optical
interference signal of a deeper region (shadow region)
positioned deeper than the analyzing portion in terms
of the light radiating direction and creates tomographic

spectral information of the spectral analyzing portion.

[(0040]

19
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The spectral information processing unit 104 has
a shadow region calculation unit 105 as a deeper region
calculation means and a shadow region spectral
information calculation unit 106 as a deeper region
spectral information calculation means. Further, the
spectral informationprocessingunit 104 hasananalyzing
portion spectral information calculation unit 107 as an
analyzing portion spectral information calculation
means and a spectrum image creationunit 108 as a spectrum
image creation means.

[0041]

The spectral analyzing portion information
transmitted from the spectral analyzing portion
designation unit 103, that is, information for
designating the position and the range of the spectral
analyzing portion in a morphology image is first input
to the shadow region calculation unit 105. The shadow
region calculation unit 105 specifies a position and a
range of a shadow region corresponding to the input
spectral analyzing portion and outputs shadow region
information as deeper region information.

[0042]

Next, the shadow region spectral information
calculation unit 106 calculates and outputs tomographic
spectral information corresponding to the shadow region.
The tomographic spectral informationof the shadowregion

is appropriately converted to tomographic spectral

20
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information of the original portion to which a shadow
corresponds by the analyzing portion spectral

information calculation unit 107 and output as

" tomographic spectral information of the analyzing

portion.
[0043]

When a plurality of the spectral analyzing portions
are given, the spectral information processing unit 104
repeats the above processing to the spectral analyzing
portions and outputs tomographic spectral information
of the respective portions, that is, a plurality of
tomographic spectral information.

[0044]

The tomographic spectral information is
transmitted to the information storage unit 111 so that
it is stored therein, whereas it is transmitted to the
spectrum image creationunit 108 and subjected to an image
creation processing so that the tomographic spectral
information is displayed as an image on an optical
coherence tomographic image. Afterboththe tomographic
spectral information as a THROUGH signal and spectrum
image information created based on the tomographic
spectral information are appropriately combined by a
spectralinformation/spectrumimagecombiningunit109,
they are transmitted to an image display unit 110 and
appropriately displayed in response to a designation of

a user and the like. The spectrum image information is

21
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transmitted to the informatioen storage unit 111 and
stored therein.
[0045]

The respeétive means will be described below in

detail. First, an arrangement of the OCT optical

"interference measuring unit 101 will be described in

detail with reference to Figs. 2 and 3.

The OCT optical interference measuring unit 101 has
a light 'source 201 for emitting low coherent light, a
fiberopticalcoupler203forsplitpingtheemittedlight
toreference light and signal 1light, and an optical fiber
202 for connecting the light source 201 and the fiber
optical coupler 203 (refer to Fig. 2).
[0046]

In Fig. 2, the light emitted from the 1light source
201 is guided by a single mode optical fiber 202 and
incident on the fiber optical coupler 203. The light
incident from the fiber 202 is branched to two output
fibersbythe fiberoptical coupler203. Oneof theoutput
fibers is connected to a fundus imaging optical system
as a signal light path of a Mach-Zehnder interferometer,
and the other output fiber is connected to a referehce
light path of the interferometer.
[0047]

An optical circulator 204a, a collimate lens 205a
for converting the signal light to a parallel light, an

XY scanner 206 constituting an optical scan device for
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scanning fhe signal light, a scanning lens 207, and an
eye lens 208 are disposed in the signal light path.
[0048]

After the light outgoing from a fiber end of the
optical fiber 202 passes through the optical circulator
204a, 1t 1is converted to the parallel light by the
collimate lens 205a, transferred in a space and incident
on the XY scanner 206. The XY scanner 206 is a reflection
type optical scanning device for controlling a
two-dimensional reflectionangle, andareflectedsignal
light is guided by the scanning lens 207 and the eyepiece
208, and incident on an eye 209.

[0049]

The signal light, which is parallel, is focused on
a fundus observation target portion 210 by the scanning
optical system composed of the XY scanner 206, the
scanning lens 207, and the eyepiece 208 including an
optical action of eyes. 1In addition, the position of
the fundus observation target portion 210 is two
dimensionally-scanned on a plane approximately vertical
to an optical axis on a fundus, and a focus position in
the depth direction is adjusted by the eyepiece 208.
[0050]

A scan control and a focus control are integrally
performed togetherwith other controls by control/signal
processing units 301 to which the XY scanner 206 and a

focus drive actuator 211 are connected. The signal light,
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which travels in a reverse direction passing through an
approximately the same light path, of reflected light
and back-scattered light from the fundus observation
target portion 210 is incident on a fiber optical coupler
214 after it passes through the optical circulator 204a
through the collimate lens 205a again.

[0051]

Incontrast, anopticalcirculator 204b, acollimate
lens 205b for con&erting the reference light to the
parallel light, and a reference light mirror 212 for
reflecting the reference light so that it travels in a
light path thereof in a reverse direction are disposed
to the light path of the reference light branched by the
fiber optical coupler 203. The reference light mirror
212 is disposed on a light delay driver 213, and a total
length of the reference light path can be controlled by
controlling the light delay driver 213.

[0052]

Afterthereferencelight passes throughtheoptical

circulator 204b, it is converted to the parallel light

by the collimate lens 205b and reflected by the reference
light mirror 212 disposed on the light delay driver 213
so that it travels in the light path in the reverse
direction. The position of the reference light mirror
212 is determined such that the total length of the
reference light path is reciprocatingly scanned in a

predetermined range using the signal light path as a
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reference by controlling the light delay driver 213.
[0053]

The light delay driver 213 is connected to
control/signal processing units 301 and integrally
controlled together with other controls. After the
reference light that traveis in the reverse direction
passes through the optical circulator 204b again through
the collimate lens 205b, it is incident on the fiber
optical coupler 214.

[0054]

The signal light and the reference light incident
on the fiber optical coupler 214 are branched to a ratio
of 50:50, respectively, separated to components
traveling two photoelectric detectors 215, and
transferred in fibers. Each of the fibers is composed
of a single mode fiber.. Since the signal light and the
reference light have the same transfermode in the fibers,
they are superposed with éach other and cause optical
interference. Optical interference signals are
convertedtoelectric signals by photoelectricdetectors

215 and transmitted to control/signal processing units

301.
[0055]

Next, an arrangement and an operation of the
control/signal processingunit 301 will bedescribedwith
reference to Fig. 3.

The control/signal processingunits 301 control the
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XY scanner 206, the light delay driver 213, a focus driver
211, and the photoelectric detectors 215, respectively
and is provided with drivers and capture units 306, 307,
308 for receiving signals which detect an angle, a
position, and an optical signal.

[0056]

An electrical circuit is arranged such that the
electric signals, voltage, from the two photoelectric
deteqtors 215, are differentially amplified by an
amplifier 302 and constitutes a balanced detector in a
so-called Heterodyne interferometer. More
specifically, this is a detection éystenlfor amplifying
only interference components in the optical interference
signals generated by changing.a light delay length by
the light delay driver 213 and suppressing the
fluctuations of intensities of the reference light and
the signal light, respectively. After predetermined
frequency regions are extracted from the interference
components, which are extracted by the differential
amplification,byafilter/detectorunit303,amplitudes
aredetectedand lownoiseoptical interference amplitude
signals are obtained. The optical interference signals
are digitalized by a digital sampling unit 304 at a
predetermined sampling rate and transmitted to a central
processing unit 305.

[0057]

The central processing unit 305 compares digital
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opticalinterferéncesignéls,whicharetransmittedtime
sequentially, with a scanner position
signal/synchronization signal from an XY scanner driver
306, adelaypositionsignal/synchronization signal from
a light delay driver 307 and a focus position signal from
a focus driver 308 so that the optical interference
signals.are caused to correspond to a position on the
fundus observation target portion.

[0058]

Thereafter, the optical interference signals are
allocated to every predetermined pixel. As a result,
interference signal information and accompanying
informationtowhichthe interference signal information
is associated are output. Theaccompanyinginformation
includes, for example, XY scanner scanﬁing'position
info:mation, light delay position information, pixel
position information which is arranged as a_coordinate
based on the light delay position information, and the

like.
[0059]

The morphology image creation unit 102 of Fig. 1
creates a morphology image of a tomography section as

an optical coherence tomographic image based on the

" interference signal information and the accompanying

information, and the morphology image information is
transferred to the information storage unit 111 and the

spectral information/spectrum image combining unit 109.
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The optical coherence tomographic image is created as
described below. That is, first, interference signals
digitally sampled at predetermined sampling intervals
are made to complex interference signals by the Hilbert
transformation at respective sampling points. After
amplitude components are taken out from the complex
interference signals and subjected to a logarithmic
transformation, they are made to an image together with
the positioninformationas the accompanying information
and thus the optical coherence tomographic image is
créated.

[0060]

In the embodiment, since the light source 201 has
awaveléngthwidth<1fabout150Innandeadepthresolution
of about 1 pum, pixels have a depth-directional size of
1 pm in view of the above sizes. " Further, an optical
spot size on a fundus determined by the scanning optical
system and an action of eyes is about 5 pum, and a pixel
size in a scan direction is set to 5 um accordingly.
Amplitude values of the sampling points corresponding
to one pixel region are averaged and made to one amplitude
valqecorrespondingtoonepixelandarrangedasanimage.
[0061]

Next, the spectral analyzing portion designation
unit 103 of Fig. 1 will be specifically described with
reference to Figs: 4, 5A, and 5B.

In Fig. 4, an optical coherence tomographic image
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403 as a morphology image is displayed on a screen 402
of a monitor 401 which is a specific arrangement of the
image display unit 110, and a retina tomographic image
404 is drawn in the image. A pointer cursor 405 is
displayed on the screen 402, and a user can designates
and inputs a positioh of thepointer cursor 405 by a mouse,
a touch pad, and the like. In the embodiment, a blood
capillary portion 406 as a high luminance portion that
is drawn in the image is a spectral analyzing portion,
and the user designates the blood capillary portion 406
by drawing a figure by the pointer cursor 405 so as to
surround the region thereof.

[0062]

Note that a shadow 407 as a deeper region appears
as a low luminance portion under the blood capillary
portion 406 as the high luminance portion. Likewise,
the user also designates an analyzing portion as to a
different blood capillary portion 408.

[0063]

Note that the designation can be automatically or
semi-automatically performed and further a manual mode,
an automatic mode, and a semi-automatic mode can be also
switched. 1In the automatic mode, the high luminance
portion of the optical coherence tomographic image 403
can be automatically discriminated using a so-called
segmentation technique based on not only a simple

luminance but also a shape and a characteristic amount
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thereof, thereby the input is automated. 1In the
semi-automatic input mode, after the user displays the
analyzing portion once, he or she can input a designation

for confirmation, correction, and the like.

[0064]

Further, the input analyzing portion designating
information as shown Fig. 5A is caused to correspond to
pixels as shown in Fig. 5B. That is, since a region
designated by being drawn is generally a region
surrounded by a curved line, a region 501 of a pixels
unit included in the region is subjected to a calculation
processing including a discrimination of a boundary
region. Although the boundary is simply discriminated
by a threshold value based on an area ratio of the inside’
and theoutside of aboundary line, itmaybediscriminated
including an inclusion relation of peripheral pixels in
addition to the above discrimination. The
semi-automatic mode, in which the user makes a decision
according to necessary, may be provided.

[0065]

In the embodiment, a region of 10 pm x 10 pm, that
is, 2 pixels (1 pixel: 5 pm x 2 pixels = 10 pm) in an
x-direction and 10 pixels (1 pixel 1 pum x 10 pixels =
10 um) inthe z-directionisdiscriminated as the spectral
analyzing portion 501 in Fig. 5B.

[0066]

The shadow region calculation unit 105 of Fig. 1
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discriminates and designates a shadow region 502
corresponding to the spectral analyzing portion 501.
The embodiment designates pixels ffom just under the
spectral analyzing portion 501 to the lowest end as the
shadowrégion502. Reference numeral 503 inFig. 5Bshows
a depth range of the shadow region.

[0067] |

Next, a specific arrangement of the shadow region
spectral information calculationbunit 106 will be
described with reference to Fig. 6. 1In Fig. 6, a window
function multiplication unit 601 multiplies a window
function corresponding to the shadow region depth range
503 of the shadow region to a digitally sampled an
interference signal. In the embodiment, a rectangular
function isusedas thewindow functionwhichisa function
having a value of 1 inside of the shadow region depth
range and a value of 0 outside thereof.

[0068]

After the interference signal is multiplied by the
window function, it is converted between a time axis and
a light wave number axis by the Fourier transform unit
602,therebyacomplexfunctionofinterferenceamplitude
to a light wave number can be obtained. Next, a square
ofanabsolutevalueofthecomplexfunctioniscalculated
by an absoiute value square calculation unit 603.
Further, spectral information as a function of a light

wavelength can be obtained by a wavelength information
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corresponding unit 604 for correcting an inverse number
relation between the light wave number and the light
wavelength.

[0069]

Fig. 7A shows an optical spectral signal 702 of a
shadow region as a result of the above-mentioned
calculation together with an optical spectrun1701 of the
light source. Thebloodcapillaryportion406 shownwith
high luminance in the OCT image of Fig. 5A, has such a
property that a spectral reflectance is high in the
vicinity of a specific peak wavelength Aa as to the
components of a blood vessel and a blood flow, and thus
intensity in a light wavelength in the vicinity of Aa
whichis lostbyreflectionis loweredinashadowportion.
[0070]

Subsequently, a standardization unit 605 is input
with S(A) as an optical spectrum 701 of the light source
and G(A) as an optical spectrum 702 of the shadow region
fromanot shown storage means and obtains a standardized
optical spectrumH (A), whichisdefinedbyH(A) =G(A)/S(A),
as an output. This is shown in Fig. 7B (703).

[0071]

Next, the analyzing portion spectral information
calculation unit 107 calculates the optical spectrum of
the analyzing portion from the shadow region spectral

information as spectral information. The optical

spectrum of U(A) of the analyzing portion is defined by
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U(A) =1 - H(A), and Fig. 7C shows an optical spectrum
704oftheanalyzingportionobtainedbythecmlculation.
[0072]

In the optical spectrum shown in Figs. 7A to 7C,
a wavelength accuracy O8A, which shows a change in the
vicinity of a characteristic wavelength Aa, is not
determined by a depth range of a region of the analyzing
portion and is determined by a depth range of an overall
shadow region which is larger in the depth direction.
Accordingly, since the accuracy 1is increased
particularly when tomographic spectral information of
a capillary vessel and a cell structure of a retinal
surface are obtained, this is useful.

[0073]

Next, an example of display of an image combined
by the spectral information/spectrum image combining
unit 109 and the image display unit 110 of the embodiment
will be described referring to Fig. 8.

In Fig. 8, an analyzing portion sign 801 is shown
intheoptical coherence tomographic image 403. The sign
is discriminated by a numeral, and the blood capillary
portiond406 as acorresponding spectral analyzingportion
is highlighted in the vicinity of the numeral.

[0074]

When the pointer cursor 405 is moved to the vicinity

of the highlighted portién by an operation of the user,

ablow-out 802 isnewlydisplayedinanoverlappingstate.
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A graph of the analyzing portion optical spectrum 704
is displayed in the blow-out 802 as the tomographic
spectral information shown in Fig. 7C. Fig. 8 also
schematically shows an image at a different time when
the pointer cursor 405 ismoved tothevicinity of a second
analyzing portion 803. 1In this case, the blow-out 802
disappears and a blow-out 804 is newly displayed, and
a graph of the analyzing portion optical spectrum
corresponding to the second analyzing portion 803 is
displayed in the blow-out 804.
[0075]

Thehighlightdisplayof thebloodcapillaryportion
406, the analyzing portion sign 801, the blow-outs 802
and 804 are the spectrum image information and created
by the spectrum image creation unit 108. The analyzing
portion optical spectrum 704, which is the spectrum image
information, and the tomogréphic spectral information,
are combined by the spectral information/spectrum image
combining unit 109 and overlap-displayed on an optical
coherence tomographic image of the image display unit
110 as synthesized image information.
[0076] |

In the present invention, an OCT probe which
includes fine particles having a nanostructure of gold
(Au) with a targeting function, for example, can be used
as a fundus contrast medium. The fine gold particles

are used to increase a reflectance of a specific portion
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so that a luminance of the portion is increased as OCT.
At the same time, a spectral reflectance having a peak
in the vicinity of a specific wavelength can be obtained
by preparing a size and a shape of the nanostructure and
previously controlling a resonance wavelength of a
surface plasmon as a metal.

[0077]

When a pluraiity of the OCT probes are used by
changing the size and the shape thereof, a plurality of
portions can be sorted and drawn by a difference of a
spectral reflectance. 1In, for example, the embodiment,
two types of probes can be used to find and identify
portions acting as different disease sources in the
vicinity of a capillary vessel. A first probe uses fine
particles having a gold nanostructure whose spectral
reflectance is increased in the vicinity of the
wavelength Aa and a second probe uses fine particles
having a gold nanostructure whose spectral reflectance
is increased in the vicinity of a wavelength Ab, and
molecules each having a different targeting function are
synthesized by a so-called thiol bond.

(0078]

When the two types of the probes are provided and
a difference in the two porﬁions shown in, for example,
Fig. 8 is detected and displayed by the different probes,
it is more preferable to display the types of the probes

estimated by an automatic discrimination by a character
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in addition to the graph of the optical spectrum of the
analyzing portion that appears in the blow-out.
[0079]

Figs. 9 and 10 show othgr display modes of the
embodiment.

In the display mode of Fig. 9,tomographicspectfal
information corresponding to a plurality of analyzing
portionsiscollectivelyshowneﬂ:thesametimejjyafight
portion of a screen. That is, the tomographic spectral
information 901 and 902 corresponding to the blood
éapillary portion 406 as a first spectral analyzing
portion and the blood capillary portion 408 as a second
analyzing portion are collectively displayed.
Displayed positions of the information can be changed
by a designation of the user with a display cursor 903.
The display mode is useful particularly when a lot of
analyzing portions are treated.

[0080]

In the displéy mode shown in Fig. 10, portions
corresponding to the peak wavelengths Aa and Ab are
displayedwithcolors in the morphology image. Thecolor
code is displayed in correspondence to the wavelengths
in a right portion of the screen. 1In the display mode,
the display color can be determined based on a gravity
center wavelength by switching a switch 1002 on a GUI,
in addition to the peak wavelengths. Images according

to the display modes are created by the spectrum image
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creation unit 108.
[0081]

The arrangement of the above embodiment permits
realization of an optical coherence tomographic iﬁaging
apparatus which can obtain and display tomographic
spectral information having a high accuracy as to a fine
spectral analyzing portion such as a capillary vessel.
[Second Embodiment]

[0082]

A second embodiment of the present invention will
be described below with reference to Figs. 11A, 11B, and
12A to 12C. |

The second embodiment shows an example in which the
standardization of the optical spectrum, which is
performed by the standardization means of the first
embodiment, is modified in order to more increase the
accuracy of the optical spectrum in a spectral analyzing
portion.

[0083]

In the second embodiment, when the spectral
information processingunit 104 discriminates the shadow
region 502 as a deeper region, it further sets an extended
region 1101 as shown in Figs. 11A and 11B. The extended
region 1101 is a sum of the shadow region 502 and the
spectral analyzing portion 501. 1In a spectral
information calculation as a next step, after a square

processing is separately performed by multiplying a
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windowfunctioncorrespondingtotheextendedregion1101
toaninterferencesignal inadditiontoawindow function
to the shadow region 502, the Fourier transformation and
an absolute value square processing are performed to
thereby obtain optical spectral information.

[0084]

As shown in Figs. 12A to 12C, extended region
spectral information 1201 can be obtained in addition
to the shadow region spectral information 702. The
extended region optical spectral information 1201 1is
obtained by applying Fourier spectral analysis to
interference signals having low reflection component at
the shadow region and high reflection component at the
analyzing portion. The highreflectionof the analyzing
portion and the low reflectioﬁ of the shadow region have
components which are cancelledwith each other. However,
since the high reflection component exceeds the low
reflection component in total, the spectral reflectance
of the expansion region optical spectrum 1201 takes
larger value at the peak wavelengths than at other
wavelengths (Fig. 12A).

[0085]

Next, G(A), which is the optical spectrum 702 of
a shadow region, is obtained by calculating a
standardized optical spectrum H(A) defined by H(A) =

G(A)/Q(A) byQ(A) as theexpansionregionoptical spectrum
1201 (Fig. 12B).
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[0086]

Subsequently, anoptical spectrumU(A) as analyzing
portion tomographic spectral information is output by
calculating U(A) = 1 - H(A) (Fig. 12C).

[0087]

Figs. 12B and 12C show a result of the calculation,
respectively. A spectrum whose spectral
characteristics are emphasized can be obtained as
compared with standardization performed by the optical.
spectrum of the 1ight source. In addition, an influence
of spectral characteristics from the light source to an
analyzing portion through a system can be reduced.
[0088]

As described above, although a processing load of
the system is increased by the embodiment, tomographic
spectralinformationcankxamoreaccqratelyobtainedand
displayed.

[Other Embodiments]
[0089]

It is needless to say that the present invention
is by no means limited to the specific arrangements
described in the respective embodiments and a part of
components can be used by being modified within a range
which does not depart from the present invention.
[00S0]

For example, when a blood vessel lager than a

capillary vessel isused as an spectral analyzing portion
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in the second embodiment, that is, when a structure, in
whicheibloodvesselwaildrawnaseahighreflectionlayer
in a morphology image is separated across a blood flow,
is used as a spectral analyzing portion, it is preferable
to set an expansion region as shown in Figs. 13A to 13C.
[0091]

That is, portions under blood vessels 1301 and 1302
dréwn out separately in alnorphology image are selected
as high reflection regions of the embodiment and the
expansion region 1101 is set thereto. 1In other words,
the expansion region 1101 is set such that it includes
a lower portion of the blood vessel wall, and it does
not include a blood flow region located on the lower
portion of the blood vessel wall as much as possible.
When the expansion region is set as described above, an
influence of spectrum absorption due to the blood flow
is collectively captured to a calculation as spectral
reflection information of a high reflection region of
the lower portion of the blood vessel wall. As a result,
spectral characteristics of a blood flow can be more
accurately obtained as compared with a case in which an
overall blood vessel including an upper portion of the
blood vessel wall is included in the expansion region.
[0092]

Regions of the thick blood vessels 1301 and 1302
may be manually designated, and regions according to a

segmentation of a blood vessel from a morphology image
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and to a thickness of a blood vessel are preferably
semi-automatically or automatically designated by
previously registering the regions as an automatic
algorithm.

[0093]

Further, the high luminance portion is selected as
the spectral analyzing portion in the embodiments, and
the spectral analyzing portion may be the low luminance
portion. In this case, since the portion is made to a
low luminance by a spectral absorption in place of a

spectral reflection and a corresponding shadow portion

is formed, an optical absorption‘spectrunlis accurately

detected from the shadow portion expanding in the depth
direction. 1In this case, a specific tissue, cell, and
the 1like may be targeted using a molecular probe pigment
and the like having a strong absorption in the vicinity
of a specific wavelength.

[0094]

The optical coherence measuring unit used in the
embodiments is arranged as the Mach-Zehnder
interferometer, and it may be arranged as the Michelson
interferometer and other interferometer. Further, the
arrangemeht>of the time domain OCT is used in the
respective embodiments, and a Fourier domain OCT may be
used. In this case, a spectral information proceséing
similar to that of the time domain OCT can be performed

by obtaining a interference signal by the inverse Fourier
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transformation and the like as known well.
[0095]

Further, the embodiments are arranged by the time
domain OCT of a so-called A-scanpriority scanby scanning
a delay line, and they may be arranged by a lateral scan
priority time domain OCT provided with an exterhal
modulatqr.

[0096]

The window function is set as the rectangular
function in the embodiments, and known variations such
aseawaveletwindowfunction,théHammingwindowfunction,
and the l1ike canbe used as the window function. Further,
when a window function corresponding to a shadow region
is set, the window function may be weighed in the depth
direction according to a degree of intensity of a
interference signal of the shadow region, and upper and
lower ends of adepthrangeof the shadow regiondesignated
by the window function may be variably processed as its
utmost limit. In this case, a shadow region weighing
unit 2001 may be added to the spectral information
processing unit 104 as shown in, for example, Fig. 14.
[Industrial Applicability]

[0097]

The optical coherence tomographic imaging
apparatus as shown in the present invention, which can
obtain highly accurate tomographic spectral information

even to a fine structure, is useful to a diagnosis in
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an ophthalmologic field, in particular, a diagnosis of

a blood flow and its degree of saturation bxygen or

diagnosis of a cellular level, and a diagnosis using a

molecular probe-contrast medium. Further, the optical
coherence tomographic imaging apparatus of the present
invention can be widely used for observation of a skin,
observation of living]oody'througfyaﬁ endoscope, and the
like as well as for various types of diagnosis devices
and inspectiondevices for industrial quality management
and the like.
[0098]

Whilethepresentinventionhasbeendescribedwith
reference to exemplary embodiments, it is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following cléims is to be accorded the broadest
interpretation so as to encompass all suchmodifications
and equivalent structures and functions.
[0099]

This application claims the benefit of Japanese
Patent Application No. 2008-334530, filed on December
26, 2008, which is hereby incorporated by reference

herein in its entirety.
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CLAIMS

1. An optical coherence tomographic imaging
apparatus for splitting light emitted froma light source
into reference light and signal light and creating an
optical coherence tomographic image and tomographic
spectral information in a predetermined spectral
analyzing portion in the optical coherence tomographic
image base on optical interference signal information
of the reference light and the signal light which are
incident on an inspection target and reflected on
respective layers, the optical coherence tomographic
imaging apparatus comprising a spectral information
processing unit which perforﬁs a spectral information
calculation using an optical interference signal of a
deeper regioﬁ, which is positioned deeper than the
spectral analyzing portion with respect to a light
emitting direction, to create the tomographic spectral

information of the spectral analyzing portion.

2. The optical coherence tomographic imaging
apparatus according toclaiml, wherein the deeper region
used for the spectral information calculation is in

contact with the spectral analyzing portion.

3. The optical coherence tomographic imaging

apparatus according toclaiml, whereinthedeeperregion
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used for the spectral information calculation includes
a deepest portion in which the optical coherence

tomographic image exits.

4. The optical coherence tomographic imaging
apparatus accofding to claim 1, wherein the spectral
information processing unit determines spectral
information of the interference signal of the deeper
region and creates the tomographic‘spectral information
of the spectral analyzing portion based on a difference
between the spectral information of the interference
signal and the spectral information of the light emitted

from the light source.

5. The optical coherence tomographic imaging
apparatus according to claim 1, wherein the spectral
information processing unit determines spectral
information of the interference signal of the deeper
regioﬁandspectralinformationof&ainterferencesignal
of a region, which is a sum of the deeper region and at

least apart of the spectral analyzingportionandcreates

tomographic spectral information of the spectral

analyzing portion based on a difference between both

pieces of the spectral information.

6. The optical coherence tomographic imaging

apparatus accordingtoanyoneofclaimslto5, comprising
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a spectral analyZing portion designation means for
discriminating a portion whose spectral information is
to be calculated in an optical coherence tomographic
image and outputting the discriminated portion as

spectral analyzing portion information.

7. The optical coherence tomographic imaging
apparatus according to any one of claims 1 to 6, wherein
the spectral information processing unit comprises:

deeper region calculation means for specifying a
position and a range of the deeper region thch is
positioned deeper than the spectral analyzing portion
with respect toa light emittingdirection and outputting
deeper region information;

deeper region spectral information calculation
means for calculating and outputting tomographic
spectral information corresponding to the deeper region;

analyzihg portion spectral inférmation
calculation means for converting the tomographic
spectral information.of the deeper region to the
tomographic spectral information of the specfral
analyzing portion to which the deeper region corresponds
and outputting the tomographic spectral information as
analyzingportiontomographicspectralinformation;and

spectrum image creation means for performing an
image creation processing for forming and displaying an

image of the tomographic spectral information of the
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spectral analyzing portion on an optical coherence

tomographic image.
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