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Description

Technical Field

[0001] This invention relates to an imaging device,
method, and program and is suitably applied to a case
of imaging blood vessels, for example.

Background Art

[0002] Recently, a blood vessel formation pattern of
blood vessels of a body has been attracted as one of
unique body characteristics. As a device for imaging the
blood vessel formation pattern, an imaging device 1 as
shown in Fig. 11 has been proposed, for example.
[0003] This imaging device 1 has laser light sources 2
for emitting near-infrared light. On the light path of the
near-infrared light emitted from the laser light sources 2,
a first filter 3 for allowing light of specific near-infrared
light bandwidth out of the near-infrared light to pass there-
through, a second filter 4 for allowing light of near-infrared
light bandwidth which is absorbed in hemoglobin in blood
vessels, out of light obtained through the first filter 3, and
an imaging element 5 are arranged in order.
[0004] In this case, the imaging device 1 emits near-
infrared light from the light sources 2 in a situation where,
for example, a finger FG of a body is inserted between
the first filter 3 and the second filter 4, resulting in irradi-
ating the finger FG with the light through the first filter 3.
Since this near-infrared light is specifically absorbed in
instinct hemoglobin of blood vessel tissues inside the fin-
ger FG, scattered light obtained though the finger FG
enters the imaging element 5 through the second filter 4
as blood vessel pattern light representing a formation
pattern of the blood vessel tissues.
[0005] The imaging element 5 performs photoelectric
conversion on the blood vessel pattern light with a plu-
rality of photoelectric conversion elements that is ar-
ranged in a matrix in correspondence with pixels, in order
to treat a signal obtained by the photoelectric conversion
elements as a blood vessel image signal.
[0006] In this case, the imaging device 1 is provided
with a physical shielding unit 7 for covering not only all
units 2 to 5 existing on the light path of near-infrared light
emitted from the light sources 2 but also the finger FG,
so as to eliminates influence of light (hereinafter, referred
to as outside light) in the air arriving at the finger FG on
the near-infrared light. This, however, arises a large scale
problem due to the shielding unit 7.
[0007] To solve this problem, such an imaging device
has been proposed by the applicant of this invention that
irradiates, for example, a finger with irradiation light of a
luminance level higher than that of light in the air arriving
at a body, performs photoelectric conversion on blood
vessel pattern light obtained through the finger, with a
solid imaging element, and adjusts imaging sensitivity of
the solid imaging element by limiting the amount of the
resultant signal per unit time. Such imaging device is de-

scribed, for example, in the Japanese Patent Application
NO. 2003-371022.
[0008] Since this imaging device can relatively reduce
the amount of signal being accumulated in the solid im-
aging element as a result of the photoelectric conversion
of the blood vessel pattern light and the outside light ar-
riving at this time, imaging can be performed without
physically blocking the irradiation route of the irradiation
light and the finger and without substantive influence of
the outside light on the imaging sensitivity of the solid
imaging element to the blood vessel pattern light.
[0009] The imaging device, however, has a drawback
in which an uneven blood vessel image is created be-
cause the reflex pathway of near-infrared light varies in
a body due to the positions of the light sources and indi-
viduals and thus the solid imaging element cannot per-
form the photoelectric conversion on uniform blood ves-
sel pattern light.
[0010] An imaging device, in which all features of the
preamble of claim 1 are disclosed, is described in US 6
654 062 B1.

Disclosure of the invention

[0011] In is an object of the present invention to provide
an imaging device, an imaging method and a program
capable of improving image quality.
[0012] This object is achieved by an imaging device,
an imaging method and a program according to the en-
closed independent claims. Advantageous features of
the present invention are defined in the corresponding
subclaims.
[0013] According to this invention, even in a case
where an image is created based on an uneven pattern
scattered light which is obtained because there is a dif-
ference in reflex pathway of near-infrared light inside the
body depending on the positions of the light sources and
individuals, the unevenness of the image can be
masked/compensated to use the image as an image to
be composed with a reference image. Therefore, an even
image representing the inside of the body can be ob-
tained regardless of the positions of the light sources and
individuals, thus making it possible to realize an imaging
device, and an imaging method and program capable of
improving image quality.

Brief Description of the Drawings

[0014]

Fig. 1 is a schematic diagram showing a construction
of an imaging device according to the first embodi-
ment.
Fig. 2 is a schematic diagram showing the positions
of near-infrared light sources and a light flow of near-
infrared light.
Fig. 3 is a schematic diagram explaining an electric
shutter.
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Fig. 4 is a schematic diagram explaining adjustment
of imaging sensitivity of the electric shutter.
Fig. 5 is a schematic diagram explaining a luminance
level saturation region.
Fig. 6 is a schematic diagram explaining a blood ves-
sel imaging control process according to the first em-
bodiment.
Fig. 7 is a schematic diagram explaining a blood ves-
sel imaging control process according to the second
embodiment.
Fig. 8 is a schematic diagram showing an example
of exposure time control.
Fig. 9 is a schematic diagram explaining a blood ves-
sel imaging control process according to the third
embodiment.
Fig. 10 is a schematic diagram explaining a blood
vessel imaging control process according to another
embodiment.
Fig. 11 is a schematic diagram showing a construc-
tion of a conventional imaging device.

Best Mode for carrying out the Invention

[0015] One embodiment to which this invention is ap-
plied will be described in detail with reference to the ac-
companying drawings.

(1) First Embodiment

(1-1) Construction of imaging device

[0016] Fig. 1 shows an imaging device according to
this embodiment. This imaging device 10 is designed to
execute a mode (hereinafter, referred to as normal im-
aging mode) to image subjects such as bodies and back-
grounds as imaging targets.
[0017] In this case, a CCD camera unit 11 guides the
outside light in the air arriving from a front subject, to a
CCD 11E via a lens 11A, an aperture 11C, a lens 11B,
and an ultraviolet cut filter 11D in order. In this connection,
the ultraviolet cut filter 11D comprises an RGB filter for
allowing visible light and near-infrared light to pass there-
through.
[0018] At this time, an MCU (Micro Control Unit) 12
adjusts the amount of the outside light entering the CCD
11E by controlling an aperture value of the aperture 11C
with an auto exposure control process and also adjusts
a focus distance and a focus position by controlling the
positions of the lens 11A and 11B with an auto focus
control process.
[0019] Then the CCD 11E of the CCD camera unit 11
performs photoelectric conversion on the outside light
arriving through the ultraviolet cut filter 11D, with a plu-
rality of photoelectric conversion elements arranged in
correspondence with pixels, reads charge signals being
accumulated in the photoelectric conversion elements
as a result of the photoelectric conversion, as an image
signal S1 according to a readout clock supplied from a

clock generator (not shown), and sends this to an A/D
(Analog/Digital) conversion unit 14.
[0020] The A/D conversion unit 14 creates a digital im-
age signal D1 by digitizing the image signal S1 and sends
this to a data processing unit 15.
[0021] The data processing unit 14 stores and keeps
the digital image signal D1 in, for example, an internal
memory (not shown).
[0022] As described above, the imaging device 10 ex-
ecutes the normal imaging mode to image subjects such
as bodies and backgrounds as imaging targets.
[0023] In addition to the above units, as shown in Fig.
2, this imaging device 10 has two near-infrared light
sources LS (LSa and LSb) for emitting near-infrared light
toward the arrival direction of the outside light, in almost
the same level as the position of the CCD camera unit
11, and is designed to execute a mode (hereinafter, re-
ferred to as a blood vessel imaging mode) to image blood
vessel tissues inside a finger FG positioned in an irradi-
ation direction, as an imaging target (hereinafter, referred
to as specific imaging target).
[0024] In this case, when a prescribed blood vessel
imaging command is entered via an operating unit (not
shown), a mode switching unit 20 (Fig. 1) drives both a
light source control unit 21A and a sensitivity adjustment
unit 21B of a blood vessel imaging control unit 21.
[0025] The light source control unit 21A controls an
output and so on, to the near-infrared light sources LS
so as to have a preset value as a luminance level higher
than that of the outside light which is normally obtained
in the air, with the result that the near-infrared light sourc-
es LS irradiate the finger FG with near-infrared light of a
luminance level higher than that of the outside light.
[0026] As shown in Fig. 2, this near-infrared light is
specifically absorbed in the instinct hemoglobin of the
blood vessel tissues (not shown) inside the finger FG,
and passes through or is reflected by the other tissues.
The outside light arriving at this time, on the other hand,
is attenuated by being blocked by bones and becomes
light which can be ignored because of near-infrared light
of a higher luminance level.
[0027] In this case, near-infrared light obtained through
the finger FG is guided to the CCD 11E via the lens 11A,
the aperture 11C, the lens 11B, and the ultraviolet cut
filter 11D shown in Fig. 1 in order, as blood vessel pattern
light representing a formation pattern of blood vessel tis-
sues. Then in each photoelectric conversion elements of
the CCD 11E, a charge signal obtained as a result of the
photoelectric conversion of the blood vessel pattern light
is accumulated.
[0028] At this time, the sensitivity adjustment unit 21B
adjusts the imaging sensitivity of the CCD 11E to the
blood vessel pattern light by electrically limiting the
amount of charge signal being accumulated in each pho-
toelectric conversion elements of the CCD 11E with an
exposure time control process called an electronic shut-
ter.
[0029] Specifically, as shown in Fig. 3, the sensitivity
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adjustment unit 21B performs resetting at prescribed re-
set timing within a period (hereinafter, referred to as
charge accumulation period) tl from rising of the readout
clock to next rising which is next readout timing (Fig.
3(A)), so as to limit the amount of charge signal being
accumulated in each photoelectric conversion element
of the CCD 11E within the charge accumulation period
tl as compared with the amount of charge signal in the
normal imaging mode (Fig. 3(B)) (Fig. 3(A)).
[0030] As a result, as shown in Fig. 4(A), the photoe-
lectric conversion elements of the CCD 11E can previ-
ously prevent the charge signals being accumulated in
the photoelectric conversion elements from being satu-
rated within the charge accumulation period tl (Fig. 4)
due to the near-infrared light emitted from the near-infra-
red light sources LS has a higher luminance level than
that of the outside light. Further, as shown in Fig. 4(B),
the amount of charge signals being accumulated in the
photoelectric conversion elements as a result of the pho-
toelectric conversion of the blood vessel pattern light and
the outside light arriving at this time are relatively re-
duced, so that the imaging sensitivity of the CCD 11E to
the blood vessel pattern light is not affected by the outside
light.
[0031] Then the CCD 11E reads the charge signals
being accumulated after the amount of charge signal is
limited with the exposure time control process of the sen-
sitivity adjustment unit 21B, as a blood vessel image sig-
nal S2 (Fig. 1) at readout timing of the readout clock, and
sends this to the A/D conversion unit 14. The A/D con-
version unit 14 digitizes the blood vessel image signal
S2 to create a digital blood vessel image signal D2 and
sends this to the data processing unit 15.
[0032] The data processing unit 15 extracts a unique
blood vessel formation pattern from the blood vessel im-
age of the digital blood vessel image signal D2, and
stores and keeps the extracted blood vessel formation
pattern in an internal memory (not shown). In this case,
the data processing unit 15 extracts a pattern represent-
ing an inside of a body, thereby being capable of pre-
venting direct steal from a body as compared with a case
of extracting a pattern of fingerprints or the like existing
on the body surface and thus keeping the pattern as iden-
tification information with high confidentiality in the inter-
nal memory (not shown).
[0033] As described above, the imaging device 10 ex-
ecutes the blood vessel imaging mode and can perform
imaging without physically blocking the irradiation route
of near-infrared light and an imaging target and without
substantial influence of the outside light on the imaging
sensitivity of the CCD 11E to blood vessel pattern light.
[0034] In this case, the imaging device 10 drives the
light source control unit 21A and the sensitivity adjust-
ment unit 21B according to switching of the mode switch-
ing unit 20 to the blood vessel imaging mode out of the
normal imaging mode and the blood vessel imaging
mode, thereby being capable of reducing power con-
sumed by the light source control unit 21A and using the

CCD camera unit 11 for imaging both normal subjects
and blood vessels.
[0035] In addition to the above configuration, by the
light source control unit 21A of this imaging device 10, a
finger FG is irradiated with light of wavelength including
both wavelength which is specifically absorbed in oxy-
genation hemoglobin and wavelength which is specifi-
cally absorbed in deoxygenization hemoglobin out of he-
moglobin (transport protein) of blood vessel tissues in-
side the finger FG, specifically, near-infrared light of
wavelength from 700 [nm] to 900 [nm].
[0036] Thereby, the imaging device 10 can create a
blood vessel image signal S2 faithfully representing cap-
illary vessel tissues containing oxygenation and deoxy-
genization hemoglobin, with the CCD camera unit 11. In
addition, in this case, since the wavelength is not strictly
limited to one which is specifically absorbed in oxygen-
ation and deoxygenization hemoglobin, not only hemo-
globin can be previously prevented from varying due to
concentration of energy on blood vessel tissues but also
an S/N ratio can be improved and manufacturing can be
simplified.
[0037] By the way, in the blood vessel imaging mode,
the imaging device 10 emits near-infrared light of a lumi-
nance level higher than that of the outside light, toward
an opposite side of the outside light entering the CCD
11E, from the near-infrared light sources LSa and LSb
arranged in almost the same level as the CCD camera
11 (Fig. 2). Therefore, only by placing the finger FG in
front of the CCD camera unit 11, the blood vessel image
of the finger FG can be created as a digital blood vessel
image signal D2 from blood vessel pattern light that is
not substantially affected by the outside light arriving at
this time.
[0038] In this case, however, blood vessel pattern light
entering the CCD 11E through the finger FG becomes
uneven light because the near-infrared light sources LSa
and LSb existing near the finger FG emit near-infrared
light of a luminance level higher than the outside light
and the light amount of a part near the near-infrared light
sources LSa and LSb is more than that of the other part.
[0039] Therefore, a charge signal of blood vessel light
having a great light amount, specifically, as shown in Fig.
5, a charge signal of blood vessel pattern light of a part
near the near-infrared light sources LSa and LSb may
be saturated even if the signal is limited with the exposure
time control process. In this case, the blood vessel image
based on the digital blood vessel image signal D2 has
unclear regions SAR having pseudo outlines due to the
saturation. If this blood vessel image is used as identifi-
cation information, the accuracy of the identification proc-
ess deteriorates (hereinafter, such a region is called lu-
minance level saturation region). Further, the luminance
level saturation region SAR becomes apparent because
individuals have different reflex pathways inside bodies
and the light amount of blood vessel pattern light entering
the CCD 11E through the body is also different.
[0040] Therefore, in the blood vessel imaging mode,
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as shown in Fig. 6, the imaging device 10 is designed to
alternatively emit light from the near-infrared light sourc-
es LSa and LSb; and mask the luminance level saturation
regions SAR included in the blood vessel images ob-
tained via the CCD camera unit 11 and the A/D conver-
sion unit 14.
[0041] Specifically, the light source control unit 21A of
the blood vessel imaging control unit 21 alternatively set
the near-infrared light sources LSa and LSb to ON/OFF
every unit time. In this case, blood vessel pattern light
(Fig. 6(A)) obtained through the finger FG from the near-
infrared light source LSb is given to the data processing
unit 15 as a digital blood vessel image signal D2 (Fig. 1)
of a blood vessel image BMa having a luminance level
saturation region SAR corresponding to a part near the
near-infrared light source LSb.
[0042] Similarly, blood vessel pattern light (Fig. 6(A))
obtained through the finger FG from the near-infrared
light source LSa is given to the data processing unit 15
as a digital blood vessel image signal D2 (Fig. 1) of a
blood vessel image BMb having a luminance level satu-
ration region SAR corresponding to a part near the near-
infrared light source LSa.
[0043] The data processing unit 15 is designed to per-
form masking with the digital blood vessel image signal
D2 of the blood vessel image BMa and the digital blood
vessel image signal D2 of the blood vessel image BMa
which are alternatively and sequentially given from the
A/D conversion unit 14, as one unit. The data processing
unit 15 masks the luminance level saturation regions
SAR of the blood vessel images BMa and BMb of both
digital blood vessel image signals D2 (Fig. 6(B)), and
combines the blood vessel images BMa and BMb based
on, for example, the blood vessel image BMa having the
minimum ratio of the luminance level saturation region
SAR to the entire image (Fig. 6(C)).
[0044] This composition result is a blood vessel image
in which the luminance level saturation regions SAR of
the blood vessel images BMa and BMb are supplement-
ed by each other’s corresponding good regions. Then
the data processing unit 15 extracts a blood vessel for-
mation pattern from the composition result, and stores
and keeps the extracted unique blood vessel formation
pattern in an internal memory (not shown).
[0045] By performing the image control process as de-
scribed above, the imaging device 10 can eliminate the
evenness of a blood vessel image caused due to a lumi-
nance level saturation region SAR, regardless o!f the po-
sitions of the near-infrared light sources LSa and LSb
and individuals.

(1-2) Operations and effects of the first embodiment

[0046] According to the above configuration, the imag-
ing device 10 alternatively irradiates a body with irradia-
tion light of a luminance level higher than that in the air
arriving at the body, from the near-infrared light sources
LSa and LSb every unit time. Then the imaging device

10 electrically adjusts the imaging sensitivity of the CCD
11E which performs the photoelectric conversion on
blood vessel pattern light obtained every unit time, masks
the luminance level saturation regions SAR of the blood
vessel images BMa and BMb (Fig. 6) based on the blood
vessel pattern light, and composes the images with, for
example, the blood vessel image BMa as a reference
image.
[0047] Therefore, this imaging device 10 can eliminate
the evenness of an image even if the image based on
uneven blood vessel pattern light that is created because
there is a difference in reflex pathway of near-infrared
light inside a body depending on the positions of the light
sources and individuals, thereby being capable of obtain-
ing an even image representing the inside of the body
regardless of the positions of the light sources and indi-
viduals.
[0048] According to the above configuration, a body is
sequentially irradiated with irradiation light of a luminance
level higher than that in the air arriving at the body, from
the near-infrared light sources LSa and LSb every unit
time, and the luminance level saturation regions SAR of
the blood vessel images BMa and BMb obtained after
the imaging sensitivity of the CCD 11E for performing the
photoelectric conversion on blood vessel pattern light ob-
tained through the inside of the body is electrically ad-
justed, and the images are combined, thereby being ca-
pable of creating an even image representing the inside
of the body, regardless of the positions of the light sourc-
es and individuals and thus improving image quality.

(2) Second Embodiment

(2-1) Construction of imaging device

[0049] There is different points from the first embodi-
ment in that an imaging device 30 (Fig. 1) uses three
kinds of luminance levels for near-infrared light in the
blood vessel imaging mode as shown in Fig. 7, irradiates
a finger FG with near-infrared light of the three kinds of
luminance levels in order, from the near-infrared light
sources LSa and LSb, and masks the luminance level
saturation regions SAR and so on included in the blood
vessel images sequentially obtained via the CCD camera
unit 11 and the A/D conversion unit 14.
[0050] Specifically, a light source control unit 31A (Fig.
1) of a blood vessel imaging control unit 21 sequentially
and variably controls output and so on to near-infrared
light sources LS so that a luminance level higher than
that of the outside light normally obtained in the air has
a preset first, second or third value in order, and irradiates
a finger FG with near-infrared light in the first luminance
level state (hereinafter, referred to as low luminance lev-
el), a second luminance level state (hereinafter, referred
to as intermediate luminance level), and a third lumi-
nance level state (hereinafter, referred to as high lumi-
nance level) in order, from the near-infrared light sources
LS every unit time.
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[0051] In a case of the low luminance level, the imaging
sensitivity of the CCD 11E deteriorates because a light
amount decreases as light is farther from the near-infra-
red light sources LSa and LSb. Therefore, blood vessel
pattern light (Fig. 7(A)) obtained through the finger FG is
given to a data processing unit 35 as a digital blood vessel
image signal D2 (Fig. 1) of a blood vessel image BMc in
which there is a large unclear region (hereinafter, referred
to as luminance level lack region) having pseudo outlines
according to the deterioration of the imaging sensitivity
caused by the lack of light amount.
[0052] Similarly, in a case of the high luminance level,
in contrast with the blood vessel pattern light obtained at
the low luminance level, blood vessel pattern light ob-
tained through the finger FG (Fig. 7(A)) is given to the
data processing unit 35 as a digital blood vessel image
signal D2 (Fig. 1) of a blood vessel image BMe in which
a luminance level saturation region SAR becomes large
as light is close to the near-infrared light sources LSa
and LSb. In a case of the intermediate luminance level,
blood vessel pattern light obtained through the finger FG
is given to the data processing unit 35 (Fig. 1) as a digital
blood vessel image signal D2 of a blood vessel image
BMd having a luminance level lack region WAR and a
luminance level saturation region SAR both in equal pro-
portion.
[0053] Then the data processing unit 35 (Fig. 1) is de-
signed to perform masking with the digital blood vessel
image signals D2 of the blood vessel images BMc, BMd,
and BMe given from the A/D conversion unit 14 as one
unit. The data processing unit 35 masks the luminance
level lack regions WAR and the luminance level satura-
tion regions SAR of the blood vessel images BMc, BMd,
and BMe (Fig. 7(B)).
[0054] Then the data processing unit 35 (Fig. 1) com-
poses the blood vessel images BMc, BMd, and BMe ob-
tained after the masking, based on, for example, the
blood vessel image BMd having the minimum ratio of the
luminance level lack region WAR and luminance level
saturation region SAR to the entire image (Fig. 7(C)).
This composition result is a blood vessel image in which
the blood vessel images BMc, BMd, and BMe are sup-
plemented by each other’s good regions. Then the data
processing unit 35 (Fig. 1) extracts a blood vessel for-
mation pattern from the composition result, and stores
and keeps the extracted unique blood vessel formation
pattern in an internal memory (not shown).
[0055] As described above, the imaging device 30 (Fig.
1) performs the image control process, thereby being ca-
pable of eliminating the evenness of a blood vessel image
due to a luminance level saturation region SAR, regard-
less of the positions of the near-infrared light sources
LSa and LSb and individuals.

(2-2) Operations and effects of the second embodiment

[0056] According to the above configuration, this im-
aging device 30 sequentially irradiates a body with irra-

diation light of three kinds of luminance levels higher than
that in the air arriving at the body every unit time. Then
the imaging device 30 electrically adjusts the imaging
sensitivity of the CCD 11E for performing the photoelec-
tric conversion on blood vessel pattern light obtained eve-
ry unit time, masks the luminance level lack regions WAR
and the luminance level saturation regions SAR of blood
vessel images BMc, BMd, and BMe (Fig. 7) based on
the blood vessel pattern light and then composes the
images with, for example, the blood vessel image BMd
as a reference image.
[0057] Therefore, this imaging device 30 can eliminate
the unevenness of an image even if the image based on
uneven blood vessel pattern light is created because
there is a difference in reflex pathway of near-infrared
light inside a body depending on the positions of the light
sources and individuals, thus being capable of obtaining
an even image representing an inside of the body, re-
gardless of the positions of the light sources and individ-
uals.
[0058] In addition, this imaging device 30 can reduce
driving power by an amount used for setting the near-
infrared light sources LSa and LSb to ON/OFF (irradiation
or non-irradiation of irradiation light). As a result, power
consumption can be reduced as compared with the first
embodiment.
[0059] According to the above configuration, a body is
sequentially irradiated with irradiation light of three kinds
of luminance levels higher than a luminance level of the
air arriving at the body, every unit time, the luminance
level lack regions WAR and the luminance level satura-
tion region SAR of the blood vessel images BMc, BMd,
and BMe obtained after the imaging sensitivity of the CCD
11 for performing the photoelectric conversion on blood
vessel pattern light obtained through the inside of the
body is electrically adjusted are masked, and then the
images are composed, thereby being capable of reduc-
ing power consumption as compared with the first em-
bodiment in which irradiation light is emitted and not emit-
ted, as well as obtaining the same effects as the first
embodiment.

(3) Third embodiment

(3-1) Construction of imaging device

[0060] There are different points from the first embod-
iment in that an imaging device 40 (Fig. 1) executes an
exposure time control process so as to sequentially use
three kinds of reset timing TM1, TM2, and TM3 which
becomes faster in order every charge storage period t1
for the CCD 11E, as shown in Fig. 8, and masks lumi-
nance level lack regions WAR and luminance level sat-
uration regions SAR included in blood vessel images ob-
tained via the CCD 11E and the A/D conversion unit 14.
[0061] Specifically, a sensitivity adjustment unit 41B
(Fig. 1) of a blood vessel imaging control unit 21 limits
the amount of charge signal being accumulated in each
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photoelectric conversion element of the CCD 11E within
the charge accumulation period t1 by sequentially per-
forming resetting at the first, second and third reset timing
TM1, TM2, and TM3. Then the CCD 11E reads the
charge signals Sa, Sb, and Sc being accumulated after
the amount of charge signal is limited with the exposure
time control process of the sensitivity adjustment unit 41B
(Fig. 1), as blood vessel image signals S2 (Fig. 1) at
readout timing of a readout clock, and sends them to the
A/D conversion unit 14.
[0062] In this case, as shown in Fig. 9, the blood vessel
image signal S2 corresponding to the charge signal Sa
is given to a data processing unit 45 as a digital blood
vessel image signal D2 (Fig. 1) of a blood vessel image
BMf in which a ratio of a luminance level lack region WAR
to the entire image becomes high as the region is farther
from the near-infrared light sources LSa and LSb be-
cause the imaging sensitivity deteriorates due to the
shortest period (hereinafter, referred to as exposure pe-
riod) t2 from the reset timing TM1 to readout timing.
[0063] Similarly, the blood vessel image signal S2 cor-
responding to the charge signal Sc is given to the data
processing unit 45 as a digital blood vessel image signal
D2 (Fig. 1) of a blood vessel image BMg in which a ratio
of a luminance level saturation region SAR to the entire
image becomes large as the region is close to the near-
infrared light sources LSa and LSb because the imaging
sensitivity is high due to the longest exposure period t2.
The blood vessel image signal S2 corresponding to the
charge signal Sb is given to the data processing unit 35
(Fig. 1) as a digital blood vessel image signal D2 of a
blood vessel image BMh having a luminance level lack
region WAR and a luminance level saturation region SAR
both in equal proportion because the imaging sensitivity
is middle due to an intermediate exposure period t2.
[0064] As described above, the sensitivity adjustment
unit 41B (Fig. 1) executes the exposure time control proc-
ess so as to sequentially use three kinds of reset timing
TM1, TM2 and TM3 which becomes faster in order, every
charge accumulation period tl for the CCD 11E. There-
fore, as described with reference to Fig. 7, blood vessel
images BMf to BMh which are the same as those of the
second embodiment in which a finger FG is sequentially
irradiated with near-infrared light of three kinds of lumi-
nance levels in order can be obtained.
[0065] In this case, as in the case of the second em-
bodiment, the data processing unit 45 masks the lumi-
nance level lack regions WAR and the luminance level
saturation regions SAR of the blood vessel images BMf,
BMg, and BMh by executing the masking process on the
digital blood vessel image signals D2 of the blood vessel
images BMf, BMg, and BMh given from the A/D conver-
sion unit 14, and composes the resultant images, extracts
a blood vessel formation pattern from the composition
result, and stores and keeps the extracted unique blood
vessel formation pattern in an internal memory (not
shown).
[0066] As described above, the imaging device 40 per-

forms the image control process, thereby being capable
of eliminating the evenness of a blood vessel image cor-
responding to a luminance level saturation region SAR.
regardless of the positions of the near-infrared light
sources LSa and LSb and individuals.

(3-2) Operations and effects of the third embodiment

[0067] According to the above configuration, this im-
aging device 40 irradiates a body with irradiation light of
a luminance level higher than that in the air arriving at
the body, adjusts the imaging sensitivity of the CCD 11E
for performing the photoelectric conversion on blood ves-
sel pattern light obtained through the inside of the body
by sequentially changing the amount of charge signal
being accumulated in the CCD 11E per charge accumu-
lation period tl (Fig. 8), masks the luminance level lack
regions WAR and the luminance level saturation regions
SAR of the images BMf, BMg and BMh (Fig. 9) based on
the charge signals Sa, Sb and Sc obtained from the CCD
11E, and then composes the images.
[0068] Therefore, even if an image based on uneven
blood vessel pattern light is obtained because there is a
difference in reflex pathway of near-infrared light inside
a body depending on the positions of the light sources
and individuals, this imaging device 40 is capable of elim-
inating an evenness of the image, thereby being capable
of obtaining an even image representing the inside of the
body, regardless of the positions of the light sources and
individuals.
[0069] In addition, this imaging device 40 is capable of
obtaining an even image representing an inside of a body
without variably controlling power or the like to the near-
infrared light sources LSa and LSb, resulting in being
capable of significantly reducing power consumption as
compared with the first and second embodiments.
[0070] According to the above configuration, a body is
irradiated with irradiation light of a luminance level higher
than that in the air arriving at the body, the imaging sen-
sitivity of the CCD 11E for performing the photoelectric
conversion on blood vessel pattern light obtained through
an inside of the body is adjusted by sequentially changing
the amount of charge signal being accumulated in the
CCD 11E per charge accumulation period tl (Fig. 8), and
the images BMf, BMg, and BMf (Fig. 9) based on the
charge signals Sa, Sb, and Sc obtained from the CCD
11E are composed after their luminance level lack re-
gions WAR and luminance level saturation regions SAR
are masked, thereby being capable of significantly re-
ducing power consumption as compared with the first
and second embodiments because variable control of
power to the near-infrared light sources LSa and LSb is
not performed, as well as obtaining the same effects as
the first and second embodiments.

(4) Other embodiments

[0071] Note that the above first embodiment has de-
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scribed a case of sequentially and alternatively irradiating
a body with irradiation light from the near-infrared light
sources LSa and LSb every unit time. This invention,
however, is not limited to this and, for example, as shown
in Fig. 10, a plurality of near-infrared light sources can
be arranged to sequentially irradiate the body with irra-
diation light from these near-infrared light sources in or-
der. Alternatively, one movable near-infrared light source
LSa can be provided to irradiate the body with irradiation
light from different irradiation positions every unit time.
[0072] In this case, by performing masking with digital
blood vessel image signals D2 of blood vessel images
obtained from blood vessel pattern light obtained through
the finger from the near-infrared light sources as one unit,
a composed blood vessel image with high image quality
can be obtained because many blood vessel images are
used to be composed.
[0073] Further, in this case, near-infrared light is emit-
ted with blood vessels inside a finger of a body as an
irradiation target, and blood vessel pattern light obtained
through the finger is imaged. This invention, however, is
not limited to this and irradiation light which has a spe-
cificity for tissues can be emitted with tissues inside retina
of a body or all body as an irradiation target and pattern
scattered light obtained through the body can be imaged.
[0074] Further, in this case, the near-infrared light
sources LS (LSa and LSb) are arranged in almost the
same level as the positions of the CCD camera unit 11.
This invention, however, is not limited to this and one or
two or more near-infrared light sources can be arranged
at other different positions. In this case, even if the posi-
tions of the light sources are changed, an even image
representing an inside of a body can be obtained.
[0075] Furthermore, the above embodiment has de-
scribed a case where, as a technique of the blood vessel
imaging control unit 21 to control the light sources 21 and
the CCD 11E corresponding to the light source control
unit 21A (31A) and the sensitivity adjustment unit 21B
(41B) of the blood vessel imaging control unit 21, in the
first embodiment, a body is sequentially and alternatively
irradiated with irradiation light of a luminance level higher
than that in the air arriving at the body, from the near-
infrared light sources LSa and LSb every unit time, and
the imaging sensitivity of the CCD 11E for performing the
photoelectric conversion on blood vessel pattern light ob-
tained through the inside of the body is electrically ad-
justed. In the second embodiment, on the other hand, a
body is sequentially irradiated with irradiation light of
three kinds of luminance levels higher than that in the air
arriving at the body in order every unit time, and the im-
aging sensitivity of the CCD 11E for performing the pho-
toelectric conversion on blood vessel pattern light ob-
tained through the inside of the body is electrically ad-
justed. In the third embodiment, a body is irradiated with
irradiation light of a luminance level higher than that in
the air arriving at the body, and the imaging sensitivity of
the CCD 11E for performing the photoelectric conversion
on blood vessel pattern light obtained through the inside

of the body is adjusted by sequentially changing the
amount of charge signal being accumulated in the CCD
11E within the charge accumulation period tl (Fig. 8). This
invention, however, is not limited to these and, when a
body is sequentially irradiated with irradiation light of
three kinds of luminance levels, resetting can be per-
formed at reset timing which is associated with the lumi-
nance levels. Alternatively, other combinations can be
applied.
[0076] Furthermore, the above embodiment has de-
scribe a case of using the CCD 11E as a solid imaging
element. This invention, however, is not limited to this
and another solid imaging element such as a CMOS
(ComplementSARy Metal Oxide Semiconductor) can be
used.
[0077] Furthermore, the above embodiment has de-
scribed a case where, as a masking means for masking
luminance level deterioration regions (luminance level
lack regions WAR and luminance level saturation regions
SAR) of pattern images obtained from a solid imaging
element and creating the masked images as images to
be composed with a reference image, the data process-
ing units 15, 35 and 45 for composing blood vessel im-
ages after masking their luminance level deterioration
regions, and storing and keeping a unique blood vessel
formation pattern extracted from the composition result
in an internal memory (not shown) are applied. This in-
vention, however, is not limited to this and a data process-
ing unit for performing other processes can be applied
for processes which are executed after the composition
result is obtained.
[0078] Furthermore, the above embodiment has de-
scribed a case where the light sources 21 and the CCD
11E are controlled by corresponding light source control
unit 21A (31A), sensitivity control unit 21B (41B) and data
processing unit 15 (35, 45). This invention, however, is
not limited to this and a control process of each of the
control units can be realized by programs.
[0079] Furthermore, the above embodiment has de-
scribed a case where the mode switching unit 20 (Fig. 1)
is applied as a mode switching means for driving an ir-
radiation means and a sensitivity adjustment means ac-
cording to switching to a mode to image pattern light out
of a mode to image light in the air arriving from a subject
and the mode to image pattern light. This invention, how-
ever, is not limited to this and only the mode to image
pattern light can be executed.

Industrial Applicability

[0080] This invention can be used for a case of imaging
blood vessels inside a body.

Claims

1. An imaging device comprising:
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one movable light source or multiple light sourc-
es (LSa, LSb) adapted to irradiate a body (FG)
with irradiation light;
light source control means (21A) adapted to con-
trol the one movable light source or the multiple
light sources (LSa, LSb);
a solid imaging element (11E) adapted to gen-
erate sequential images from the body (FG) by
performing photoelectric conversion on a pat-
tern of scattered light obtained from the body
(FG);
sensitivity adjustment means (21B) adapted to
adjust imaging sensitivity of solid imaging ele-
ment (11E); and
image processing means (15) adapted to gen-
erate a composed image from the sequential im-
ages in order compensate luminance level de-
terioration regions in the sequential images,

characterized in that

the sensitivity adjustment means (21B) is adapt-
ed to adjust the imaging sensitivity of the solid
imaging element (11E) to perform the photoe-
lectric conversion on the pattern of scattered
light obtained from an inside of the body (FG);
the light source control means (21A) is adapted
to control the one movable light source or the
multiple light sources rce (LSa, LSb) so as to
sequentially irradiate the body with irradiation
light from different irradiation positions every
unit time; and
the image processing means (15) is adapted to
generate said composed image from said se-
quential images that were obtained from the sol-
id imaging element (11E) said every unit time.

2. The imaging device according to claim 1, wherein
the one movable light source or the multiple light
sources (LSa, LSb) are configured to emit near-in-
frared light.

3. The imaging device according to claim 1 or 2, where-
in
the imaging device comprises at least two light
sources (LSa, LSb) arranged at different positions;
and
the light source control means (21A) is adapted to
control the at least two light sources (LSa, LSb) to
alternately emit light to irradiate the body with irradi-
ation light from the different irradiation positions eve-
ry unit time.

4. An imaging method comprising the steps of:

irradiating, by one movable light source or mul-
tiple light sources (LSa, LSb), a body (FG) with
irradiation light;

controlling the one movable light source or the
multiple light sources (LSa, LSb);
adjusting imaging sensitivity of a solid imaging
element (11E);
generating, by the solid imaging element (11E),
sequential images from the body (FG) by per-
forming photoelectric conversion on a pattern of
scattered light obtained from the body (FG); and
generating a composed image from the sequen-
tial images in order compensate luminance level
deterioration regions in the sequential images,

characterized in that

the imaging sensitivity of the solid imaging ele-
ment (11E) is adjusted to perform the photoe-
lectric conversion on the pattern of scattered
light obtained from an inside of the body (FG);
the one movable light source or the multiple light
sources e (LSa, LSb) is controlled so as to se-
quentially irradiate the body with irradiation light
from different irradiation positions every unit
time; and
said composed image is generated from said
sequential images that were obtained from the
solid imaging element (11E) said every unit time.

5. The imaging method according to claim 5, wherein,
in the irradiating step, near-infrared light is emitted
by the one movable light source or the multiple light
sources (LSa, LSb).

6. The imaging method according to claim 5 or 6,
wherein,
in the controlling step, at least two light sources (LSa,
LSb) arranged at different positions are controlled to
irradiate the body with irradiation light from the dif-
ferent irradiation positions every unit time.

7. A program that, when running on a computer or load-
ed onto a computer of an imaging device of claim 1,
causes the imaging device to execute the steps of
the imaging method according to anyone of claims
4 to 6.

Patentansprüche

1. Abbildungseinrichtung, die umfasst:

eine bewegbare Lichtquelle oder mehrere Licht-
quellen (LSa, LSb), die so ausgelegt sind, dass
sie einen Körper (FG) mit Bestrahlungslicht be-
strahlen;
eine Lichtquellensteuerungsvorrichtung (21A),
die so ausgelegt ist, dass sie die eine beweg-
bare Lichtquelle oder die mehreren Lichtquellen
(LSa, LSb) steuert;
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ein Festkörper-Abbildungselement (11E), das
so ausgelegt ist, dass es durch Durchführen ei-
ner fotoelektrischen Konvertierung auf einem
Muster aus gestreutem Licht, das aus dem Kör-
per (FG) erhalten wird, sequenzielle Bilder aus
dem Körper (FG) erzeugt;
eine Empfindlichkeitseinstellvorrichtung (21B),
die so ausgelegt ist, dass sie eine Abbildungs-
empfindlichkeit des Festkörper-Abbildungsele-
ments (11E) einstellt; und
eine Bildverarbeitungsvorrichtung (15), die so
ausgelegt ist, dass sie ein zusammengesetztes
Bild aus den sequenziellen Bildern erzeugt, um
Luminanzpegelverschlechterungsregionen in
den sequenziellen Bildern auszugleichen,
dadurch gekennzeichnet, dass
die Empfindlichkeitseinstellvorrichtung (21B) so
ausgelegt ist, dass sie die Abbildungsempfind-
lichkeit des Festkörper-Abbildungselements
(11E) einstellt, um die fotoelektrische Konver-
tierung auf dem Muster von gestreutem Licht,
das aus dem Inneren des Körpers (FG) erhalten
wird, durchzuführen;
die Lichtquellensteuerungsvorrichtung (21A) so
ausgelegt ist, dass sie die eine bewegbare Licht-
quelle oder die mehreren Lichtquellen (LSa,
LSb) steuert, um den Körper zu jeder Zeiteinheit
sequenziell mit Bestrahlungslicht aus unter-
schiedlichen Bestrahlungspositionen zu be-
strahlen;
die Bildverarbeitungsvorrichtung (15) so ausge-
legt ist, dass sie das zusammengesetzte Bild
aus den sequenziellen Bildern erzeugt, die zu
jeder Zeiteinheit aus den Festkörper-Abbil-
dungselementen (11E) erhalten worden sind.

2. Abbildungseinrichtung nach Anspruch 1, wobei
die eine bewegbare Lichtquelle oder die mehreren
Lichtquellen (LSa, LSb) so ausgelegt sind, dass sie
Nahinfrarotlicht emittieren.

3. Abbildungseinrichtung nach Anspruch 1 oder 2, wo-
bei
die Abbildungseinrichtung mindestens zwei Licht-
quellen (LSa, LSb) umfasst, die an unterschiedli-
chen Positionen angeordnet sind; und
die Lichtquellensteuerungsvorrichtung (21A) so
ausgebildet ist, dass sie die mindestens zwei Licht-
quellen (LSa, LSb) so steuert, dass diese alternie-
rend Licht zum Bestrahlen des Körpers zu jeder Zeit-
einheit mit Bestrahlungslicht aus den unterschiedli-
chen Bestrahlungspositionen emittieren.

4. Abbildungsverfahren, das folgende Schritte um-
fasst:

Bestrahlen eines Körpers (FG) mittels einer be-
wegbaren Lichtquelle oder mehreren Lichtquel-

len (LSa, LSb) mit Bestrahlungslicht;
Steuern der einen bewegbaren Lichtquelle oder
der mehreren Lichtquellen (LSa, LSb);
Einstellen der Abbildungsempfindlichkeit eines
Festkörper-Abbildungselements (11E);
Erzeugen von sequenziellen Bildern aus dem
Körper (FG) mittels des Festkörper-Abbildungs-
elements (11E) durch Durchführen einer fotoe-
lektrischen Konvertierung auf einem Muster aus
gestreutem Licht, das aus dem Körper (FG) er-
halten wird; und
Erzeugen eines zusammengesetzten Bilds aus
den sequenziellen Bildern, um Luminanzpegel-
verschlechterungsregionen in den sequenziel-
len Bildern auszugleichen,
dadurch gekennzeichnet, dass
die Abbildungsempfindlichkeit des Festkörper-
Abbildungselements (11E) eingestellt wird, um
die fotoelektrische Konvertierung auf dem Mus-
ter aus gestreutem Licht durchzuführen, das aus
dem Inneren des Körpers (FG) erhalten wird;
die eine bewegbare Lichtquelle oder die meh-
reren Lichtquellen (LSa, LSb) so gesteuert wer-
den, dass sie den Körper zu jeder Zeiteinheit
sequenziell mit Bestrahlungslicht aus unter-
schiedlichen Bestrahlungspositionen bestrah-
len; und
das zusammengesetzte Bild aus den sequenzi-
ellen Bildern erzeugt wird, die zu der jeder Zeit-
einheit aus dem Festkörper-Abbildungselement
(11E) erhalten werden.

5. Abbildungsverfahren nach Anspruch 5, wobei
bei dem Bestrahlungsschritt Nahinfrarotlicht von der
mindestens einen bewegbaren Lichtquelle oder den
mehreren Lichtquellen (LSa, LSb) emittiert wird.

6. Abbildungsverfahren nach Anspruch 5 oder 6, wobei
bei dem Steuerungsschritt mindestens zwei Licht-
quellen (LSa, LSb), die an unterschiedlichen Positi-
onen angeordnet sind, gesteuert werden, damit sie
zu jeder Zeiteinheit den Körper aus den unterschied-
lichen Bestrahlungspositionen mit Bestrahlungslicht
bestrahlen.

7. Programm, das dann, wenn es auf einem Computer
läuft oder auf einen Computer einer Abbildungsein-
richtung nach Anspruch 1 geladen wird, bewirkt,
dass die Abbildungseinrichtung die Schritte des Ab-
bildungsverfahrens nach einem der Ansprüche 4 bis
6 durchführt.

Revendications

1. Dispositif de formation d’image comprenant :

une source lumineuse mobile ou de multiples
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sources lumineuses (LSa, LSb) aptes à exposer
un corps (FG) à une lumière d’exposition ;
un moyen de commande de source lumineuse
(21A) apte à commander une source lumineuse
mobile ou les multiples sources lumineuses
(LSa, LSb) ;
un élément de formation d’image à semi-con-
ducteur (11E) apte à générer des images sé-
quentielles à partir du corps (FG) en effectuant
une conversion photoélectrique sur un motif de
lumière diffusée obtenue en provenance du
corps (FG) ;
un moyen d’ajustement de sensibilité (21B) apte
à ajuster la sensibilité de formation d’image de
l’élément de formation d’image à semi-conduc-
teur (11E) ; et
un moyen de traitement d’image (15) apte à gé-
nérer une image composée à partir des images
séquentielles afin de compenser des régions de
dégradation du niveau de luminance dans les
images séquentielles,
caractérisé en ce que
le moyen d’ajustement de sensibilité (21B) est
apte à ajuster la sensibilité de formation d’image
de l’élément de formation d’image à semi-con-
ducteur (11E) afin d’effectuer la conversion pho-
toélectrique sur le motif de lumière diffusée ob-
tenue en provenance d’un intérieur du corps
(FG) ;
le moyen de commande de source lumineuse
(21A) est apte à commander la source lumineu-
se mobile ou les multiples sources lumineuses
(LSa, LSb) de manière à exposer séquentielle-
ment le corps à une lumière d’exposition depuis
différentes postions d’exposition à chaque unité
de temps ; et
le moyen de traitement d’image (15) est apte à
générer ladite image composée à partir desdites
images séquentielles ayant été obtenues en
provenance de l’élément de formation d’image
à semi-conducteur (11E) lors de chacune des-
dites unités de temps.

2. Dispositif de formation d’image selon la revendica-
tion 1, dans lequel la source lumineuse mobile ou
les multiples sources lumineuses (LSa, LSb) sont
configurées pour émettre de la lumière infrarouge.

3. Dispositif de formation d’image selon la revendica-
tion 1 ou 2, dans lequel
le dispositif de formation d’image comprend au
moins deux sources lumineuses (LSa, LSb) agen-
cées à des positions différentes ;
le moyen de commande de source lumineuse (21A)
est apte à commander lesdites au moins deux sour-
ces lumineuses (LSa, LSb) afin qu’elles émettent en
alternance de la lumière destinée à exposer le corps
à de la lumière d’exposition depuis les différentes

positions d’exposition à chaque unité de temps.

4. Procédé de formation d’image comprenant les éta-
pes consistant à :

exposer, au moyen d’une source lumineuse mo-
bile ou de multiples sources lumineuses (LSa,
LSb), un corps (FG) à une lumière d’exposition ;
commander ladite source lumineuse mobile ou
les multiples sources lumineuses (LSa, LSb) ;
ajuster la sensibilité de formation d’image d’un
élément de formation d’image à semi-conduc-
teur (11E) ;
générer, au moyen de l’élément de formation
d’image à semi-conducteur (11E), des images
séquentielles provenant du corps (FG) en effec-
tuant une conversion photoélectrique sur un mo-
tif de lumière diffusée obtenue en provenance
du corps (FG) ; et
générer une image composée à partir des ima-
ges séquentielles afin de compenser des ré-
gions de dégradation du niveau de luminance
dans les images séquentielles,
caractérisé en ce que
la sensibilité de formation d’image de l’élément
de formation d’image à semi-conducteur (11E)
est ajustée de manière à effectuer la conversion
photoélectrique sur le motif de lumière diffusée
obtenue en provenance d’un intérieur du corps
(FG) ;
la source lumineuse mobile ou les multiples
sources lumineuses (LSa, LSb) est/sont com-
mandée(s) de manière à exposer séquentielle-
ment le corps à une lumière d’exposition depuis
différentes postions d’exposition à chaque unité
de temps ; et
ladite image composée est générée à partir des-
dites images séquentielles qui ont été obtenues
en provenance de l’élément de formation d’ima-
ge à semi-conducteur (11E) à ladite chaque uni-
té de temps.

5. Procédé de formation d’image selon la revendication
5, dans lequel,
lors de l’étape d’exposition, de la lumière infrarouge
proche est émise par ladite source lumineuse mobile
ou par les multiples sources lumineuses (LSa, LSb).

6. Procédé de formation d’image selon la revendication
5 ou 6, dans lequel
lors de l’étape de commande, au moins deux sour-
ces lumineuses (LSa, LSb) agencées à des positions
différentes sont commandées de manière à exposer
le corps à de la lumière d’exposition depuis les dif-
férentes positions d’exposition à chaque unité de
temps.

7. Programme qui, lorsqu’il est exécuté sur un ordina-
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teur ou chargé sur un ordinateur d’un dispositif de
formation d’image selon la revendication 1, amène
le dispositif de formation d’image à exécuter les éta-
pes du procédé selon l’une quelconque des reven-
dications 4 à 6.
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