wo 2016/208125 A1 | J1 ¥ 0 0 OO A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/208125 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

29 December 2016 (29.12.2016) WIPO | PCT
International Patent Classification: (74)
A61B 1/00 (2006.01) GO6T 7/60 (2006.01)

AG1B 1/04 (2006.01)
AG1B 1/06 (2006.01)

HO4N 9/04 (2006.01)

International Application Number:
PCT/JP2016/002655

International Filing Date:

1 June 2016 (01.06.2016)
Filing Language: English
Publication Language: English
Priority Data:
2015-125968 23 June 2015 (23.06.2015) JP

Applicant: HOYA CORPORATION [JP/JP]; 6-10-1
Nishi-Shinjuku, Shinjuku-ku, Tokyo, 1608347 (JP).

Inventor: MAKINO, Takao; ¢/o HOYA CORPORA-
TION, 6-10-1 Nishi-Shinjuku, Shinjuku-ku, Tokyo,
1608347 (JP).

(8D

(84)

Agents: MATSUOKA, Shuhei et al.; Shin-Toshi-Center
Bldg. 6F, 24-1, Tsurumaki 1-chome, Tama-shi, Tokyo,
2060034 (JP).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(54) Title: IMAGE DETECTION DEVICE AND IMAGE DETECTION SYSTEM

(57) Abstract: An image detection device executing a detection process for

¥
OBTAIN SPECIAL OBSERVATION IMAGE SIGNALS OF
SECOND LATEST FRAME AND FOURTH LATEST FLAME

S11

CORRECT SPECIAL OBSERVATION IMAGE SIGNAL |
OF SECOND LATEST FRAME ~512
| SELECT TAGET FRAME |~s1a
| DETECT FIRST PROVISIONAL SHIFT VECTOR |54

|

| DETECT SECOND PROVISIONAL SHIFT VECTOR _ |~~-515

DETERMINE SHIFT VECTOR OF TARGET
PIXEL BASED ON DETECTED FIRST AND
SECOND PROVISIONAL SHIFT VECTORS

[~~—S16

HAVE
STEPS $13 TO S16 BEEN
PROCESSED FOR ALL PIXELS IN
LATEST FRAME?

NO

S18

IS
OPERATION MODE SWITCHED
TO SPECIAL MODE?

images of a subject obtained by illuminating cyclically the subject with light
having different spectral properties and capturing the subject at timings syn -
chronizing with illuminating cycles of the light, the image detection device
comprising a shift vector detection means that detects a shift vector of the
subject based on a comparison result between an image of the subject cap-
tured at a current cycle and an image of the subject which is captured at a past
cycle and is illuminated with the light having a same spectral property as that
of the light illuminated at the current cycle.
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Description

Title of Invention: IMAGE DETECTION DEVICE AND IMAGE

[0001]

[0002]

[0003]

[0004]

DETECTION SYSTEM
Technical Field

The present invention relates to an image detection device and an image detection
system which execute a predetermined detection process for an image.
Background Art

A system which executes a predetermined image processing based on a plurality of
spectral image data obtained by capturing a subject illuminated with light having
different optical properties at timings synchronizing with emission of the light is
known. A concrete configuration of a system of this type is described, for example, in
International Publication No. WO 2013/047054 Al (hereafter, referred to as patent
document 1).

In the system described in the patent document 1, white light emitted from a light
source is sequentially filtered by a spectral filter to become light with narrow bands
(each having a band width of approximately Snm) of 400, 405, 410, « - -, 800nm.
When a subject, such as a living tissue in a body cavity, is sequentially illuminated
with the narrow band light filtered by the spectral filter, the subject is captured by an
electronic scope at timings synchronizing with cycles of emission of the narrow band
light. Then, using the spectral image data obtained by capturing the subject during
emission of the narrow band light, the predetermined image processing is executed.
For example, a color image substantially equal to a normal RGB color image is
generated using three spectral image data whose center wavelengths are 435nm,
545nm and 700nm, respectively, or a concentration index of oxyhemoglobin is
calculated by using three spectral image data whose center wavelengths are 540nm,
560nm and 580nm, respectively. The concentration index of oxyhemoglobin is used
for, for example, generation of a color map image according to the concentration of
oxyhemoglobin.

In the patent document 1, spectral images corresponding to respective narrow band
light are obtained by capturing the subject at timings separated from each other on a
time axis. It should be noted that there is no means to fix the electronic scope in the
body cavity while the spectral images are captured. Therefore, even if an operator
attempts to keep the electronic scope still during capturing of the spectral images, a
relative position between the subject and the electronic scope in the body cavity (in
other words, a position of the subject in a captured image) shifts. Accordingly, position

shift occurs between the spectral images of the subject. For example, since positions of
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[0005]

[0006]

[0007]

[0008]

the subject shift with respect to each other between the spectral images of 435nm,
545nm and 700nm, a color shift occurs in a color image of the subject generated by
combining these spectral images. Furthermore, since positions of the subject in the
spectral images of 540nm, 560nm and 580nm shift with respect to each other, corre-
sponding pixels (pixels having the same address) in the respective spectral images do
not show the same portion of the subject. Therefore, an error may be contained in a

calculation result of the concentration index of oxyhemoglobin.
In Japanese Patent Provisional Publication No. 2001-136540A (hereafter, referred to

as patent document 2), a system which generates an RGB color image by capturing R
(red), G (Green) and B (Blue) images through a frame sequential method is described.
In the system described in the patent document 2, in order to suppress occurrence of
color shift caused by position shift of a subject in a body cavity, a cross correlation
value between the R, G and B images is calculated, a shift vector indicating a relative
positional relationship between the images obtained when the cross correlation value
becomes the maximum is detected, and the relative position between the images is
corrected based on the detected shift vector.

Summary of Invention

It is thought to be possible to suppress occurrence of the color shift caused by the
position shift of the subject in the body cavity or to suppress a calculation error of the
concentration index of oxyhemoglobin, by applying the configuration described the
patent document 2 to the system described in the patent document 1. However, a
subject has different reflection properties (sensitivities) for respective wavelength
bands of R, G and B. Therefore, in the first place, information on the subject included
in the captured mage is different between the R, G and B images. Therefore, regarding
the method based on the cross correlation between the images described in the patent
document 2, it is difficult to detect the shift vector with a high degree of accuracy.

The present invention is made in view of the above described circumstances. That is,
the object of the present invention is to provide an image detection device and an
image detection system capable of precisely detecting a shift vector between images of
a subject illuminated with light having different spectral properties.

According to an aspect of the invention, there is provided an image detection device
executing a detection process for images of a subject obtained by illuminating
cyclically the subject with light having different spectral properties and capturing the
subject at timings synchronizing with illuminating cycles of the light. The image
detection device comprises a shift vector detection means that detects a shift vector of
the subject based on a comparison result between an image of the subject captured at a

current cycle and an image of the subject which is captured at a past cycle and is il-
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

luminated with the light having a same spectral property as that of the light illuminated
at the current cycle.

Since the shift vector is detected between images illuminated with light having the
same spectral property, occurrence of a detection error of the shift vector caused by the
difference in spectral property of the light with which the subject is illuminated can be
suppressed.

The image detection device may further comprise: a first comparing means that
compares a target pixel of the image of the subject captured at the current cycle with a
first peripheral pixel which is a pixel of the image of the subject captured at the past
cycle and illuminated with the light having the same spectral property of the light at
the current cycle, the first peripheral pixel being located in a peripheral portion around
a corresponding target pixel which, in the image of the subject captured at the past
cycle, corresponds to the target pixel; and a second comparing means that compares
the target pixel of the image of the subject captured at the current cycle with a second
peripheral pixel which is a pixel of the image of the subject captured at the past cycle
and illuminated with the light having the same spectral property of the light at the
current cycle, the second peripheral pixel being located in a peripheral part around the
corresponding target pixel and located further from the corresponding target pixel
relative to the first peripheral pixel. In this configuration, the shift vector detection
means detects the shift vector based on comparing results of the first comparing means
and the second comparing means.

The first peripheral pixel may adjoin the corresponding target pixel, and the second
peripheral pixel may be located to sandwich the first peripheral pixel between the cor-
responding target pixel and the second peripheral pixel.

The target pixel of the image of the current cycle and the corresponding target pixel
of the image of the past cycle have a same address.

The image of the past cycle may be an image captured at preceding emission of the
light having a same spectral property as that of the light for the current cycle.

The shift vector detection means may detect a first candidate for the shift vector
based on a comparing result by the first comparing means and a second candidate for
the shift vector based on a comparing result by the second comparing means, In this
case, the shift vector detection means may detect, as the shift vector of the subject, one
of the first candidate and the second candidate having a smallest error.

The image detection device may further comprise: a correcting means that corrects
an intensity level of an image captured at a preceding cycle preceding the current cycle
such that a difference between an intensity level of the image captured at the current
cycle and the intensity level of the image captured at the preceding cycle falls with a

predetermined tolerance in a common wavelength band which is common to first light
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[0016]

[0017]

[0018]

emitted when the subject is captured at the current cycle and second light emitted when
the subject is captured at the preceding cycle; and a third comparing means that
compares the image captured at the current cycle with the image captured at the
preceding cycle of which intensity level is corrected by the correcting means. In this
configuration, the shift vector detecting means detects the shift vector based on
comparing results of the first comparing means, the second comparing means and the
third comparing means.

The image detection device may further comprise: a correcting means that corrects
an intensity level of an image of a preceding cycle preceding the current cycle such
that a difference between an intensity level of the image of the current cycle and the
intensity level of the image of the preceding cycle falls with a predetermined tolerance
in a common wavelength band which is common to first light emitted when the subject
is captured at the current cycle and second light emitted when the subject is captured at
the preceding cycle; and a third comparing means that compares the image of the
current cycle with the image of the preceding cycle of which intensity level is
corrected by the correcting means. In this configuration, the shift vector detecting
means obtains a definite value of the shift vector by detecting a provisional value of
the shift vector based on a comparing result of the third comparing means and by
adding together the detected provisional value of the shift vector and the one of the
first candidate and the second candidate having a smallest error while applying prede-
termined weighting coefficients to the detected provisional value and the one of the
first candidate and the second candidate.

The past cycle at which the subject is illuminated with the light having the same
spectral property as that of the light for the current cycle may be a cycle prior to the
preceding cycle.

According to another aspect of the invention, there is provided an image detection
device executing a detection process for images of a subject obtained by illuminating
cyclically the subject with light having different wavelength bands and capturing the
subject at timings synchronizing with illuminating cycles of the light. The image
detection device comprises: a correcting means that corrects an intensity level of an
image captured at a preceding cycle preceding the current cycle such that a difference
between an intensity level of the image captured at the current cycle and the intensity
level of the image captured at the preceding cycle falls with a predetermined tolerance
in a common wavelength band which is common to first light emitted when the subject
is captured at the current cycle and second light emitted when the subject is captured at
the preceding cycle; a comparing means that compares the image captured at the
current cycle with the image captured at the preceding cycle corrected by the

correcting means; and a shift vector detecting means that detects a shift vector of the
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[0019]

[0020]
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[0024]

subject based on a comparing result by the comparing means.
With this configuration, it is possible to precisely detect a shift vector between

images of a subject illuminated with light having different spectral properties.

The image detection device may further comprise a storage means that stores a
correction value which has been calculated in advance based on a difference between
an intensity level of a captured image captured when the subject having a high degree
of sensitivity to the common wavelength band is illuminated with the first light and an
intensity level of a captured image captured when the subject is illuminated with the
second light. In this configuration, the correcting means corrects the intensity level of
the image captured at the preceding cycle by using the correction value stored in the
storage unit.

The preceding cycle may be a cycle one cycle before the current cycle.

According to another aspect of the invention, there is provided an image detection
system, comprising: a light source device that cyclically emits light having different
spectral properties; an image capturing device that captures images of a subject il-
luminated cyclically with the light having different spectral properties, at timings syn-
chronizing with cycles of emission of the light; and the above described image
detection device that executes a detection process for images of the subject captured by
the image capturing device.

According to another aspect of the invention, there is provided an image detection
system, comprising: a light source device that cyclically emits light having different
spectral properties; an image capturing device that captures images of a subject il-
luminated cyclically with the light having different spectral properties, at timings syn-
chronizing with cycles of emission of the light; and the above described image
detection device that executes a detection process for images of the subject captured by
the image capturing device. In this configuration, the light emitted by the light source
device in cycles adjoining with respect to each other on a time axis has optical
properties of including a common wavelength band common to the light in the cycles

adjoining with respect to each other.

Brief Description of Drawings

[fig.1]Fig. 1 is a block diagram illustrating an electronic endoscope system according
to an embodiment of the invention.

[fig.2]Fig. 2 is a front view of a rotational filter unit viewed from a collecting lens side,
according to the embodiment of the invention.

[fig.3]Fig. 3 illustrates examples of spectral properties of a special filter provided in a
rotational turret according to the embodiment of the invention.

[fig.4]Fig. 4 is a flowchart illustrating an image detection process executed by an
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[0025]

[0026]

[0027]

[0028]
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image detection circuit according to the embodiment of the invention.

[fig.5]Fig. 5 is a flowchart illustrating a provisional shift vector detection process
executed in step S15 in the image detection process shown in Fig. 4. .

[fig.6]Fig. 6 is an explanatory illustration for supplementarily explaining the pro-
visional shift vector detection process.

Description of Embodiments

Hereinafter, an embodiment of the present invention is described with reference to
the accompanying drawings. In the following explanation, by way of example, an
electronic endoscope system is explained as an embodiment of the invention.

(Configuration of Electronic Endoscope System 1)

Fig. 1 is a block diagram illustrating a configuration of an electronic endoscope
system 1 according to the embodiment of the invention. As shown in Fig. 1, the
electronic endoscope system 1 includes an electronic scope 100, a processor 200 and a
monitor 300.

The processor 200 includes a system controller 202 and a timing controller 204. The
system controller 202 executes various programs stored in a memory 212, and totally
controls the electronic endoscope system 1. Further, the system controller 202 is
connected to an operation panel 214. In accordance with an instruction inputted by an
operator through the operation panel 214, the system controller 202 alters operation of
the electronic endoscope system 1 and parameters for the operation of the electronic
endoscope system 1. The instructions inputted by the operator include, for example, an
instruction for changing operation modes of the electronic endoscope system 1. In this
embodiment, the operation modes include a normal mode and a special mode. The
timing controller 204 outputs clock pulses for adjusting timings of the operation to
each circuit in the electronic endoscope system 1.

A lamp 208 emits illumination light L after being activated by a lamp power igniter
206. The lamp 208 is, for example, a high intensity lamp, such as a xenon lamp, a
halogen lamp, a mercury lamp or a metal-halide lamp, or an LED (Light Emitting
Diode). The illumination light L has a spectrum expanding principally from a visible
light region to an invisible infrared light region (or white light including at least a
visible light region).

Fig. 2 is a front view of a rotational filter unit 206 viewed from a collecting lens 210
side. A rotational filer unit 260 includes a rotational turret 261, a DC motor 262, a
driver 263 and a photo-interrupter 264.

The rotational turret 261 is configured to be placed on and retracted from an optical
path of the illumination light L. by a known mechanism (not shown). More specifically,

the rotational turret 261 is retracted from the optical path of the illumination light L.
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[0031]

[0032]

[0033]

when the operation mode of the electronic endoscope system 1 is the normal mode,

and is placed on the optical path of the illumination light L when the operation mode of
the electronic endoscope system 1 is the special mode. Therefore, in the normal mode,
the illumination light L. emitted from the lamp 208 is incident on the collecting lens
210 without passing through the rotational turret 261. On the other hand, in the special
mode, the illumination light L is incident on the collecting lens 210 while passing
through the rotational turret 261.

As shown in Fig. 2, in the rotational turret 261, special light filters F1, F2 and F3 are
arranged sequentially in a circumferential direction. Each of the special light filters F1,
F2 and F3 has a fan shape. The special light filters F1, F2 and F3 are disposed to have
angular pitches corresponding to frame cycles (angular pitches of 120 degrees in this
embodiment). Each special light filter is a dielectric multilayer film filter. However,
another type of optical filter (e.g., an etalon filter which uses a dielectric multilayer
film as a reflection film) may be used as the special light filter. It should be noted that,
in the following explanation, the term "frame" may be replaced with the term "field".
In this embodiment, the frame cycle and the field cycle are 1/30 seconds and 1/60
seconds, respectively.

Each of the special light filters F1, F2 and F3 is an optical band pass filter which
converts the illumination light L inputted from the lamp 208 into light having a
particular spectral property. Figs. 3(a) to 3(d) show examples of the spectral properties
of the special light filters F1 to F3. As shown in Fig. 3(a), the special light filters F1 to
F3 have different spectral properties. Further, as shown in Fig. 3(b), transmission
wavelength bands of the special light filters F1 and F3 partially overlap with each other
(i-e., a shaded transmission wavelength band in Fig. 3(b) is common to the special light
filters F1 and F3). Furthermore, as shown in Fig. 3(c), transmission wavelength bands
of the special light filters F1 and F2 partially overlap with each other (i.e., a shaded
transmission wavelength band in Fig. 3(c) is common to the special light filters F1 and
F2). Furthermore, as shown in Fig. 3(d), transmission wavelength bands of the special
light filters F2 and F3 partially overlap with each other (i.e., a shaded transmission
wavelength band in Fig. 3(d) is common to the special light filters F2 and F3).

In the following, for convenience of explanation, the transmission wavelength band
common to the special light filters F1 and F3 is referred to as a "common wavelength
band CWB3-1", the transmission wavelength band common to the special light filters
F1 and F2 is referred to as a "common wavelength band CWB1-2", and the
transmission wavelength band common to the special light filters F2 and F3 is referred
to as a "common wavelength band CWB2-3". Further, the illumination light L filtered
by the special light filter F1 is referred to as "special light L1", the illumination light L.
filtered by the special light filter F2 is referred to as "special light L.2", and the illu-
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[0034]

[0035]

[0036]

[0037]

mination light L filtered by the special light filter F3 is referred to as "special light L3".
The illumination light L incident on the collecting lens 210 without passing through
the rotational turret 261 is referred to as "normal light Ln".

The driver 263 drives the DC motor 262 under control of the system controller 202.
When the DC motor 262 receives a driving current from the driver 263, the DC motor
262 rotates the rotational turret 261 about a motor shaft 262a at a constant speed. By
causing the rotational turret 261 to rotate at a constant speed, the special light filters
F1, F2 and F3 are sequentially inserted into the optical path of the illumination light L
at timings synchronizing with a capturing cycle (a frame cycle). As a result, the special
light L1, L2 and L3 having different spectral properties is sequentially extracted, from
the illumination light L emitted by the lamp 208, at timings synchronizing with the
frame cycle. By repeating rotation of the rotational turret 261, the special light L1, L2
and L3 is cyclically extracted from the illumination light L emitted by the lamp 208. It
should be noted that the rotational position and phase of the rotational turret 261 are
controlled by detecting a hole (not shown) formed in a peripheral portion of the ro-
tational turret 261 by the photo-interrupter 264.

The illumination light (the normal light Ln or the special light L1, L2 or L3) incident
on the collecting lens 210 is converged by the collecting lens 210 and the light amount
of the illumination light is limited by a diaphragm (not shown) to an appropriate light
amount. Then, the illumination light is converged at an entrance end face of an LCB
(Light Carrying Bundle) 102 and enters the LCB 102.

The illumination light (the normal light Ln or the special light L1, L2 or L3) which
has entered the LCB 102 propagates through the LCB 102 and emerges from an exit
end face of the LCB 102 disposed at a tip of the electronic scope 100. Then, the illu-
mination light is emitted toward a subject (e.g., a living tissue in a body cavity) via a
light distribution lens 104. More specifically, in the normal mode, the normal light Ln
is emitted toward the subject. In the special mode, the special light L1, L2 and L3 is
cyclically emitted toward the subject. Returning light from the subject is converged by
an objective lens 106 and thereby an optical image is formed on a light-receiving
surface of a solid state image pickup device 108.

The solid state image pickup device 108 is a single chip color CCD (Charge Coupled
Device) image sensor having a Bayer type pixel array. The solid state image pickup
device 108 accumulates charges according to a light amount of an optical image
converged at each pixel on the light-receiving surface, and generates and outputs
image signals of R (Red), G (Green) and B (Blue). In the following, the image signal
of each pixel (each pixel address) sequentially outputted from the solid state image
pickup device 108 is referred to as a "pixel signal”. The sold state image pickup device
108 is not limited to a CCD, but may be replaced with a CMOS (Complementary
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[0039]
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Metal Oxide Semiconductor) image sensor or another type of imaging device. The
solid state image pickup device 108 may be a solid state image pickup device of a type
mounted with a complementary color filter.

The switching timing of the illumination light (the special light L1, L2 and L3) by
the rotational turret 261 is in synchronization with the switching timing of a capturing
period (a frame period) in the solid state image pickup device 108. Therefore, in the
special mode, the solid state image pickup device 108 outputs a special observation
image signal S1 by receiving the returning light from the subject illuminated with the
special light L1. In a subsequent frame period, the pickup device 108 outputs a special
observation image signal S2 by receiving the returning light from the subject il-
luminated with the special light L2. In a further subsequent frame period, the pickup
device 108 outputs a special observation image signal S3 by receiving the returning
light from the subject illuminated with the special light L.3. Thus, the special ob-
servation image signals S1, S2 and S3 are sequentially generated and outputted by the
solid state image pickup device 108. It should be noted that, in the normal mode, the
solid state image pickup device 108 generates and outputs a normal observation image
signal Sn by receiving the returning light from the subject illuminated with the normal
light Ln during each frame period.

In a connection part of the electronic scope 100, a driver signal processing circuit
110 is provided. In the normal mode, the normal observation image signal Sn of the
subject illuminated with the normal light Ln is inputted by the solid state image pickup
device 108 to the driver signal processing circuit 110 at the frame cycle. In the special
mode, the special observation image signals S1, S2 and S3 of the subject illuminated
with the special light L1, L2 and L3 are sequentially inputted by the solid state image
pickup device 108 to the driver signal processing circuit 110 at the frame cycle. The
driver signal processing circuit 110 outputs the image signal inputted from the solid
state image pickup device 108, to a front stage signal processing circuit 220 of the
processor 200.

Further, the drive signal processing circuit 110 accesses a memory 112 to read
unique information of the electronic scope 100. The unique information stored in the
memory 112 includes, for example, the pixel number and sensitivity of the solid state
image pickup device 108, available frame rates, and a model number. The driver signal
processing circuit 100 outputs the unique information read from the memory 112 to the
system controller 202.

The system controller 202 executes various computations based on the unique in-
formation of the electronic scope 100 and generates control signals. Using the
generated control signals, the system controller 202 controls operation and timings of

various circuits in the processor 200 so that appropriate processing is performed for an
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[0043]

[0044]
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[0047]

[0048]

electronic scope connected to the processor 200.

In accordance with the timing control by the system controller 202, the timing
controller 204 supplies the driver signal processing circuit 110 with clock pulses. In ac-
cordance with the clock pulses supplied from the timing controller 204, the driver
signal processing circuit 110 drives and controls the solid state image pickup device
108 at timings synchronizing with the frame rate of a video being processed on the
processor 200 side.

(Operation in Normal Mode)

Signal processing operation of the processor 200 in the normal mode will now be
explained.

The front stage signal processing circuit 200 subjects the normal observation image
signal Sn to predetermined signal processing, such as demosaicing, a matrix operation,
white balance adjustment and gamma correction, to generate image data suitable for
onscreen representation. The generated image data is inputted to a rear stage signal
processing circuit 240 via a frame memory 230.

The rear stage signal processing circuit 240 subjects the image data inputted from the
frame memory 230 to predetermined signal processing to generate image data for
monitor representation, and converts the image data for monitor representation into a
predetermined video format signal. The converted video format signal is outputted to
the monitor 300. As a result, a normal color image of the subject is displayed on a
display screen of the monitor 300.

(Operation in Special Mode)

Signal processing operation of the processor 200 in the special mode will now be
explained.

The front stage signal processing circuit 200 subjects the special observation image
signals S1 to S3 to predetermined signal processing, such as demosaicing, a matrix
operation, white balance adjustment and gamma correction, and outputs the signals to
the frame memory 230. In the frame memory 230, latest four frames of the special ob-
servation image signals (the current frame, the immediately preceding frame of the
current frame, the frame two frames earlier than the current frame, and the frame three
frames earlier than the current frame) are sequentially written and stored in the frame
memory 230. In the following, for convenience of explanation, the current frame, the
immediately preceding frame of the current frame, the frame two frames earlier than
the current frame, the frame three frames earlier than the current frame are referred to
as a "latest frame", a "second latest frame", a "third latest frame" and a "fourth latest
frame", respectively.

(Image Detection Process)

Fig. 4 is a flowchart illustrating an image detection process executed by an image
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detection circuit 250 provided in the processor 200. The image detection process
shown in Fig. 4 is started when the operation mode of the electronic endoscope system
1 is switched to the special mode.

(S11 in Fig. 4 (Obtaining of Special Observation Image Signal of Each Frame))

In step S11, the special observation image signals of the second latest frame and the
fourth latest frame stored in the frame memory 230 are obtained.

(S12 in Fig. 4 (Correction of Special Observation Image Signal of Second Latest
Frame))

In the memory 212, first to third correction values have been stored in advance. The
first correction value has been calculated in advance based on the difference between
intensity levels of the special observation image signals S1 and S3 obtained when a
specific subject having a high sensitivity to the common wavelength band CWB3-1 is
captured, such that the difference between the intensity levels of these special ob-
servation image signals S1 and S3 falls within a predetermined tolerance. The second
correction value has been calculated in advance based on the difference between
intensity levels of the special observation image signals S1 and S2 obtained when a
specific subject having a high sensitivity to the common wavelength band CWB1-2 is
captured, such that the difference between the intensity levels of these special ob-
servation image signals S1 and S2 falls within a predetermined tolerance. The third
correction value has been calculated in advance based on the difference between
intensity levels of the special observation image signals S2 and S3 obtained when a
specific subject having a high sensitivity to the common wavelength band CWB2-3 is
captured, such that the difference between these intensity levels of the special ob-
servation image signals S2 and S3 falls within a predetermined tolerance.

In step S12, a corresponding correction value is read from the first to third correction
values stored in the memory 212, and the intensity level of the special observation
image signal of the second latest frame is corrected. Specifically, when the latest frame
is a captured frame of a subject illuminated with the special light L1, the first
correction value is read from the memory 212, and the intensity level of the special ob-
servation image signal S3 of the second latest frame is corrected. When the latest
frame is a captured frame of a subject illuminated with the special light L2, the second
correction value is read from the memory 212, and the intensity level of the special ob-
servation image signal S1 of the second latest frame is corrected. When the latest
frame is a captured frame of a subject illuminated with the special light L3, the third
correction value is read from the memory 212, and the intensity level of the special ob-
servation image signal S2 of the second latest frame is corrected.

That is, in step S12, by executing the correction process using the correction value

according to the difference between the intensity levels of the latest frame and the
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second latest frame in the common wavelength band, the difference between the
intensity levels of the latest frame and the second latest frame (i.e., the difference of
subject information) due to the difference of the capturing condition (the difference of
spectral properties in this embodiment) is reduced.

(S13 in Fig. 4 (Selection of Target Pixel))

In step S13, a target pixel is selected, in accordance with predetermined order, from
among all the pixels in the latest frame inputted from the front stage signal processing
circuit 220. Furthermore, a corresponding target pixel is selected from among all the
pixels of the special observation image signal of each of the second latest frame and
the fourth latest frame. The target pixel and the corresponding target pixels are, for
example, pixels having the same address.

(S14 in Fig. 4 (Detection of First Provisional Shift Vector))

In step S14, corresponding target pixel data of the special observation image signal
of the second latest frame corrected in step S12 (correction of special observation
image signal of latest frame) is compared with target pixel data of the special ob-
servation image signal of the latest frame to detect a provisional shift vector (a first
provisional shift vector) of the target pixel.

In this embodiment, a shift vector is a parameter indicating motion (a direction and
an amount) per a unit time of a subject in a captured image. The shift vector is
estimated using the gradient-based method (the optical flow) having a low degree of
processing load to realize real-time detection. In the gradient-based method, when a
gradient of a pixel value with respect to a neighboring pixel in the horizontal (x)
direction is defined as Ix, a gradient of a pixel value with respect to a neighboring pixel
in the vertical direction (y) is defined as ly, a gradient of a pixel value in the time-axis
direction is defined as It, and the shift vector is defined as (u, v), the shift vector is
calculated by the following expression.

Ix cutly « v+It=0

In place of the gradient-based method, another type of known estimation technique,
such as the block matching method or an estimation process based on frequency
analysis of a captured image, may be used to estimate the shift vector.

(S15 in Fig. 4 (Detection of Second Provisional Shift Vector))

In step S15, two frames having the same spectral property of the special light with
which the subject is illuminated are compared with each other (specifically, image data
of the special observation image signal of the latest frame and image data of the special
observation image signal of the fourth latest frame are compared with each other) to
detect a provisional shift vector (a second provisional shift vector). As an example,
when the latest frame is a captured frame of a subject illuminated with the special light

L1, the fourth latest frame is also a captured frame of the subject illuminated with the
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special light L1. In this case, image data of the special observation image signals S1 of
the latest frame and the fourth latest frame are compared with each other to detect the
second provisional shift vector.

That is, since, in step S15, two pieces of image data having the same capturing
condition (special property of the illumination light in this embodiment) are compared
with each other, the second provisional shift vector is detected in a state where an error
due to the difference in the capturing condition (in other words, the difference in
subject information) is excluded.

Fig. 5 is a flowchart illustrating a provisional shift vector detection process executed
in step S15. Fig. 6 is an explanatory illustration for supplementarily explaining the pro-
visional shift vector detection process.

(S15ain Fig. 5)

In step S15a, using the target pixel data of the latest frame and image data of first pe-
ripheral pixels (pixels assigned a reference symbol "1" in Fig. 6) adjoining the corre-
sponding target pixel of the fourth latest frame in the horizontal and vertical directions
(x, y), a candidate for the second provisional shift vector (hereafter referred to as a
"first candidate" for convenience of explanation) is detected in accordance with the
gradient-based method.

(S15b in Fig. 5)

In step S15b, using the target pixel data of the latest frame and image data of second
peripheral pixels (pixels assigned a reference symbol "2" in Fig. 6) positioned to
sandwich the first peripheral pixels in the horizontal and vertical directions (x, y) with
respect to the corresponding target pixel of the fourth latest frame, a candidate for the
second provisional shift vector (hereafter referred to as a "second candidate” for con-
venience of explanation) is detected in accordance with the gradient-based method.

(S15c in Fig. 5)

In step S15c, using the target pixel data of the latest frame and image data of third
peripheral pixels (pixels assigned a reference symbol "3" in Fig. 6) positioned to
sandwich the first and second peripheral pixels in the horizontal and vertical directions
(x, y) with respect to the corresponding target pixel of the fourth latest frame, a
candidate for the second provisional shift vector (hereafter referred to as a "third
candidate" for convenience of explanation) is detected in accordance with the gradient-
based method.

(S15d in Fig. 5)

Since, in the gradient-based method, time differentiation and spatial differentiation of
the image intensity are calculated, it becomes possible to more precisely detect the
shift vector as the time and spatial sampling frequency becomes higher. In other words,

in order to detect the shift vector with a high degree of precision, it is necessary to
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make the sampling frequency higher for both of the time and the space.

When at least one of the sampling frequencies for the time and the space is low, there
is a possibility that the shift vector to be detected contains a large error. Let us
consider, for example, a case where the sampling frequency for the space is high and
the sampling frequency for the time is low. In this case, when the moving amount of a
subject is small, a detection error of the shift vector is small. However, when the
moving amount of the subject is large, the detection error becomes large. In order to
suppress this sort of detection error, it is thought to be suitable to set the sampling
frequency of the space to be low (coarse) in accordance with the motion amount of the
subject.

For this reason, when the sampling frequency of the time is low (when detection of
the shift vector is performed by using the two frames having an interval of three frames
(i-e., the latest frame and the fourth latest frame)), the sampling frequency for the space
is set to be high (corresponding to one pixel pitch) in step S15a, the sampling
frequency for the space is set to be middle (corresponding to two pixel pitch) in step
S15b, and the sampling frequency for the space is set to be low (corresponding to three
pixels) in step S15c. That is, in this embodiment, the second provisional shift vector is
detected assuming the case where the moving amount of the subject is small, the case
where the moving amount is middle and the case where the moving amount of the
subject is large.

In step S15d, a candidate of which error is the minimum is selected as the second
provisional shift vector from among the first to third candidates.

(S16 in Fig. 4 (Determination of Shift Vector))

By adding together the first provisional shift vector detected in step S14 (detection of
first provisional shift vector) and the second provisional shift vector detected in step
S15 (detection of second provisional shift vector) while applying predetermined coef-
ficients for weighting to these provisional shift vectors, a definite value of the shift
vector is determined for the target pixel. The coefficients for weighting may be set in
advance or may be set through a user operation.

(S17 in Fig. 14 (Judgment on Completion of Execution of Process for All Pixels))

In step S17, it is judged whether steps S13 to S16 have been executed for all the
pixels of the latest frame.

When there is a pixel for which steps S13 to S16 have not been processed (S17: NO),
the image detection process shown in Fig. 4 returns to step S13 (selection of target
process) to execute steps S13 to S1 for the next target pixel.

(S18 in Fig. 4 (Termination Judgment))

Step S18 is executed when it judged in step S17 that steps S13 to S16 have been

processed for all the pixels of the latest frame in step S17 (judgment on completion of
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execution of process for all pixels) (S17: YES). In step S18, it is judged whether the
operation mode of the electronic endoscope system 1 has been switched to a mode
different from the special mode. When it is judged that the operation mode has not
been switched to a mode different from the special mode (S18: NO), the image
detection process in Fig. 4 returns to step S11 (obtaining of special observation image
signal of each frame). On the other hand, when it is judged that the operation mode has
been switched to a mode different from the special mode (S18: YES), the image
detection process in Fig. 4 is terminated.

(Generation and Representation of Image in Special Mode)

A special image generation processing circuit 252 corrects a relative positional rela-
tionship between captured images of the subject illuminated with the special light L1
to L3 based on the shift vector detected by the image detection process in Fig. 4 (step
S16 in Fig. 4 (determination of shift vector)). Let us consider, for example, a case
where the shift vector between the latest frame and the second latest frame is one pixel
in the horizontal direction (the rightward direction) and the shift vector between the
second latest frame and the third latest frame is two pixels in the horizontal direction
(the rightward direction). In this case, a pixel (x, y) of the latest frame is corrected by
adding together a pixel (x, y) of the latest frame, a pixel (x-1, y) of the second latest
frame and a pixel (x-3, y) of the third latest frame while applying predetermined
weighting coefficients.

Next, the special image generation processing circuit 252 executes, for example,
generating pixel data of a color image in which the corrected captured images are
combined or a special image (e.g., an image for highlighting a particular portion), or
calculating a concentration index of oxyhemoglobin and generating pixel data of a
color map image of oxyhemoglobin concentration based on a result of the calculation.

The pixel data generated by the special image generation processing circuit 252 is
inputted to the rear stage signal processing circuit 240. The rear stage signal processing
circuit 240 subjects the pixel data inputted from the special image generation
processing circuit 252 to predetermined signal processing to generate image data for
monitor representation, and converts the generated image data for monitor repre-
sentation into a predetermined video format signal. The converted video format signal
is outputted to the monitor 300. As a result, a color image or a special image of the
subject, and a color map image of oxyhemoglobin concentration are displayed on the
display screen of the monitor 300.

As described above, according to the embodiment, the shift vector is detected (see
S14 in Fig. 4 (detection of first provisional shift vector)) in a state where the difference
in intensity level due to the difference in spectral property of the special light is

corrected (see S12 in Fig. 4 (correction of special observation image signal of latest
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frame)). Furthermore, the shift vector is detected between the frames having the same
spectral property of the special light (S15 in Fig. 4 (detection of second provisional
shift vector)). That is, since the shift vector is detected in a state where the difference
in capturing conditions is excluded as much as possible, the detection accuracy of the
shift vector is enhanced.

The foregoing is the explanation about the embodiment of the invention. The
invention is not limited to the above described embodiment, but can be varied in
various ways within the scope of the invention. For example, the invention includes a
combination of embodiments explicitly described in this specification and em-
bodiments easily realized from the above described embodiment.

In the above described embodiment, the shift vector of the target pixel is detected
based on both of the first provisional shift vector detected in step S14 (detection of first
provisional shift vector) and the second provisional shift vector detected in step S15
(detection of second provisional shift vector); however, the present invention is not
limited to such a configuration. In another embodiment, the first provisional shift
vector may be employed as a definite value of the shift vector (i.e., the second pro-
visional shift vector may not be detected) or the second provisional shift vector may be
employed as a definite value of the shift vector (i.e., the first provisional shift vector

may not be detected).
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Claims

An image detection device executing a detection process for images of
a subject obtained by illuminating cyclically the subject with light
having different spectral properties and capturing the subject at timings
synchronizing with illuminating cycles of the light,

the image detection device comprising a shift vector detection means
that detects a shift vector of the subject based on a comparison result
between an image of the subject captured at a current cycle and an
image of the subject which is captured at a past cycle and is illuminated
with the light having a same spectral property as that of the light il-
luminated at the current cycle.

The image detection device according to claim 1,

further comprising:

a first comparing means that compares a target pixel of the image of the
subject captured at the current cycle with a first peripheral pixel which
is a pixel of the image of the subject captured at the past cycle and il-
luminated with the light having the same spectral property of the light
at the current cycle, the first peripheral pixel being located in a pe-
ripheral portion around a corresponding target pixel which, in the
image of the subject captured at the past cycle, corresponds to the target
pixel; and

a second comparing means that compares the target pixel of the image
of the subject captured at the current cycle with a second peripheral
pixel which is a pixel of the image of the subject captured at the past
cycle and illuminated with the light having the same spectral property
of the light at the current cycle, the second peripheral pixel being
located in a peripheral part around the corresponding target pixel and
located further from the corresponding target pixel relative to the first
peripheral pixel,

wherein the shift vector detection means detects the shift vector based
on comparing results of the first comparing means and the second
comparing means.

The image detection device according to claim 2,

wherein:

the first peripheral pixel adjoins the corresponding target pixel; and
the second peripheral pixel is located to sandwich the first peripheral

pixel between the corresponding target pixel and the second peripheral
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pixel.

The image detection device according to any of claims 1 to 3,

wherein the target pixel of the image of the current cycle and the corre-
sponding target pixel of the image of the past cycle have a same
address.

The image detection device according to any of claims 1 to 4,

wherein the image of the past cycle is an image captured at preceding
emission of the light having a same spectral property as that of the light
for the current cycle.

The image detection device according to claim 2 or 3,

wherein:

the shift vector detection means detects a first candidate for the shift
vector based on a comparing result by the first comparing means and a
second candidate for the shift vector based on a comparing result by the
second comparing means; and

the shift vector detection means detects, as the shift vector of the
subject, one of the first candidate and the second candidate having a
smallest error.

The image detection device according to claim 2, 3 or 6,

further comprising:

a correcting means that corrects an intensity level of an image captured
at a preceding cycle preceding the current cycle such that a difference
between an intensity level of the image captured at the current cycle
and the intensity level of the image captured at the preceding cycle falls
with a predetermined tolerance in a common wavelength band which is
common to first light emitted when the subject is captured at the
current cycle and second light emitted when the subject is captured at
the preceding cycle; and

a third comparing means that compares the image captured at the
current cycle with the image captured at the preceding cycle of which
intensity level is corrected by the correcting means,

wherein the shift vector detecting means detects the shift vector based
on comparing results of the first comparing means, the second
comparing means and the third comparing means.

The image detection device according to claim 6,

further comprising:

a correcting means that corrects an intensity level of an image of a

preceding cycle preceding the current cycle such that a difference
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between an intensity level of the image of the current cycle and the
intensity level of the image of the preceding cycle falls with a prede-
termined tolerance in a common wavelength band which is common to
first light emitted when the subject is captured at the current cycle and
second light emitted when the subject is captured at the preceding
cycle; and

a third comparing means that compares the image of the current cycle
with the image of the preceding cycle of which intensity level is
corrected by the correcting means,

wherein the shift vector detecting means obtains a definite value of the
shift vector by detecting a provisional value of the shift vector based on
a comparing result of the third comparing means and by adding
together the detected provisional value of the shift vector and the one of
the first candidate and the second candidate having a smallest error
while applying predetermined weighting coefficients to the detected
provisional value and the one of the first candidate and the second
candidate.

The image detection device according to claim 7 or 8§,

wherein the past cycle at which the subject is illuminated with the light
having the same spectral property as that of the light for the current
cycle is a cycle prior to the preceding cycle.

An image detection device executing a detection process for images of
a subject obtained by illuminating cyclically the subject with light
having different wavelength bands and capturing the subject at timings
synchronizing with illuminating cycles of the light,

the image detection device comprising:

a correcting means that corrects an intensity level of an image captured
at a preceding cycle preceding the current cycle such that a difference
between an intensity level of the image captured at the current cycle
and the intensity level of the image captured at the preceding cycle falls
with a predetermined tolerance in a common wavelength band which is
common to first light emitted when the subject is captured at the
current cycle and second light emitted when the subject is captured at
the preceding cycle;

a comparing means that compares the image captured at the current
cycle with the image captured at the preceding cycle corrected by the
correcting means; and

a shift vector detecting means that detects a shift vector of the subject
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based on a comparing result by the comparing means.

The image detection device according to claims 7 to 10,

further comprising a storage means that stores a correction value which
has been calculated in advance based on a difference between an
intensity level of a captured image captured when the subject having a
high degree of sensitivity to the common wavelength band is il-
luminated with the first light and an intensity level of a captured image
captured when the subject is illuminated with the second light,

wherein the correcting means corrects the intensity level of the image
captured at the preceding cycle by using the correction value stored in
the storage unit.

The image detection device according to claims 7 to 11, wherein the
preceding cycle is a cycle one cycle before the current cycle.

An image detection system, comprising:

a light source device that cyclically emits light having different spectral
properties;

an image capturing device that captures images of a subject illuminated
cyclically with the light having different spectral properties, at timings
synchronizing with cycles of emission of the light; and

an image detection device according to any of claims 1 to 6,

wherein the image detection device executes a detection process for
images of the subject captured by the image capturing device.

An image detection system, comprising:

a light source device that cyclically emits light having different spectral
properties;

an image capturing device that captures images of a subject illuminated
cyclically with the light having different spectral properties, at timings
synchronizing with cycles of emission of the light; and

an image detection device according to any of claims 7 to 12,

wherein the image detection device executes a detection process for
images of the subject captured by the image capturing device,

wherein the light emitted by the light source device in cycles adjoining
with respect to each other on a time axis has optical properties of
including a common wavelength band common to the light in the

cycles adjoining with respect to each other.
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The claims can be grouped into two inventions as explained below:

(Invention 1) claims 1-9, 13
claims 11-12, 14 as dependent on 7-9

Claims 1-9, 11-14 include “a shift wvector detection means that
detects a shift vector of the subject based on a comparison result
between an image of the subject captured at a current cycle and an
image of the subject which 1s captured at a past cycle and 1is
illuminated with the light having a same spectral property as that
of the light illuminated at the current cycle” as a special technical
feature which makes contribution over the prior art in light of the
disclosure of document 1 (see especially [0011]-[0020]). Thus, they
are grouped into Invention 1.

(Invention 2) claim 10
claim 11 as dependent on 10
claim 12 as dependent on 10-11
claim 14 as dependent on 10-12
Claim 10 includes “a correcting means that corrects an intensity
level of the image captured at a preceding cycle preceding the current
cycle such that a difference between an intensity level of the image
captured at the preceding cycle falls with a predetermined tolerance
in a common wavelength band which is common to first light emitted
when the subject is captured at the current cycle and second light
emitted when the subject is captured at the preceding cycle” as a
special technical feature which makes contribution over the prior art
in light of the disclosure of document 1(see especially
[0011]-[0020]). However, this special technical feature is neither
the same as that of claims 1-9, 11-14 nor corresponds to it.
Therefore, claim 10 cannot be grouped into Invention 1 and they
are grouped into Invention 2.
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