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tistry. Upon creating a false tooth of a patient (59), a plu- FIG.43
rality of illuminating light of LEDs with different wave-
lengths emit light and a photographing apparatus (1A)
photographs a tooth portion of the patient (59), thereby
obtaining image data. The image data is sent to a den-
tistry filing system (2A) serving as a processing appara-
tus, and color reproducing data is obtained by calcula-
tion. The color reproducing data is sent to a dentistry
factory (565) via a public line. Data is searched from a
database (56) for calculating a ceramic compounding
ratio, compound data of the ceramic false tooth is ob-
tained, matching the color of the tooth portion of the pa-
tient (59), and the false tooth approximate to the tooth
color of the patient (59) is created.
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Description
Technical Field

[0001] The present invention relates to an image
processing system, and more particularly, to an image
processing system which captures spectroscopic spec-
trum image information of a subject, and reproduces the
color of the subject image from the captured image at
high fidelity level, performs inspection or determines the
subject image.

Background Art

[0002] Recently, the increase in concern over the
beautification and health is confirmed. For the purpose
of beatification, the demand for whitening is increased.
Conventionally, a camera system for skin check is used
for diagnosis in the dermatology, esthetic salon, beauty
counseling, and the like. In the dermatology among
them, the peculiarity of the skin surface is checked as
the diagnosis thereof based on an image of the crista
cutis or sulcus cutis and then the counseling is per-
formed. Japanese Unexamined Patent Application Pub-
lication No. 8-149352 and Japanese Unexamined Pat-
ent Application Publication No. 7-322103 disclose cam-
eras for skin check.

[0003] In the conventional artificial dentition in the
dental care, the color grade is determined by comparing
the color of a false tooth with the tooth color of a patient
by the shading guide to determine the color of the false
tooth.

[0004] The above-mentioned dermatology and the
dentistry require the accurate color reproduction. In one
conventional color reproducing system at high fidelity
level disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2000-152269, a camera is used
to photograph an image of a subject under multi-spec-
trums of exterior lighting. The above-mentioned colorre-
producing system captures multi-band data and repro-
duces the color at high fidelity level by the rotation of
many rotatable spectroscopic filters to accurately esti-
mate a subject spectroscopic spectrum.

[0005] In addition to the dermatology and the dentist-
ry, the paint color of a vehicle and a building, the spec-
troscopic characteristics of food, and the dyeing of
cloths require a technology for reproducing the color of
the subject with accuracy for the using purpose of the
diagnosis, examination, confirmation, and determina-
tion. Further, the examining operability, small size, light
weight, and handy size are required for the above de-
vices.

[0006] However, the camerasforskincheck disclosed
in Japanese Unexamined Patent Application Publica-
tion No. 8-149352 and Japanese Unexamined Patent
Application Publication No. 7-322103 are handy, how-
ever, do not reproduce the color at high fidelity level.
Further, in the color reproducing system at high fidelity
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level using a rotatably filter disclosed in Japanese Un-
examined Patent Application Publication No.
2000-152269, the weight is heavy because the system
is fixedly arranged and another illumination sensor is
necessary for the color reproduction because of the ex-
terior lighting.

[0007] Inthe conventional dentistry, the tooth color is
selected by the comparison using the shading guide in-
dicatingthe color shading as mentiocned above. This de-
termination is subjective and is influenced by the dete-
rioration and change in room light, thereby causing an
error. Although the recording operation uses a photo-
graph, the camera setting needs to be checked and the
matching of image size is difficult. Further, it is not ac-
curate because the film sensitivity and the developing
sensitivity are not constant.

[0008] The colorreproducing image system using the
conventional compact photographing apparatus has the
following problems.

(1) A color reproducing image system is not pro-
posed to accurately capture spectroscopic image
data irrespective of ambient light by a portable pho-
tographing apparatus with the simple configuration.
(2) When the subject has gloss such that it regularly
reflects light, the captured image data sometimes
has a high-luminance portion due to a light source.
A simple device for solving the above-mentioned
problem is not yet supposed.

(3) The calibration using a color chip with standard
colors is performed to reproduce the color at high
fidelity level. The color chip which is prepared inde-
pendently of the photographing apparatus needs
the maintenance. The maintenance is manually ex-
ecuted and therefore the color chip gets easily dirty.
Further, the color chip might be deteriorated due to
the exposure to the ambient light, depending on the
maintenances.

(4) The shading might be caused depending on the
arrangement of a light source for illuminating the
subject. The shading needs to be prevented by a
simple device.

(5) A color reproducing image system is applied to
the management of blood flow of the human body,
body temperature, pulse, and heart rate to easily
perform the diagnosis with accuracy. However,
such a color reproducing image system is not pro-
posed.

(6) A system for specifying the photographing posi-
tion of the human affected part or for easily manag-
ing the size of a photographed subject image is not
proposed.

[0009] The present invention is devised in considera-
tion of the above situations. It is an object of the present
invention to provide an image processing system which
is preferable to the color reproduction, examination, and
determination at high fidelity level, and information com-
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munication processing, and which has a portable im-
age-pick-up unit with compact size and light weight.

Disclosure of Invention

[0010] According to a first invention, an image
processing system comprises: an image capturing unit,
and an image processing unit. The image capturing unit
comprises: an image pick-up optical system which
picks-up an image of a subject; an image pick-up device
unit which obtains a subject signal from the subject; a
plurality of illuminating light sources with different char-
acteristics of spectroscopic distributions; and a photo-
graphing operating unit which performs an image pho-
tographing operation, the image capturing unit inter-
locks the plurality of illuminating light sources with an
exposure timing of the image pick-up device unit, selec-
tively lights-on the plurality of illuminating light sources,
and thus obtains a plurality of subject spectroscopic im-
ages. The image processing unit comprises: an image
memory unit which stores the subject spectroscopic im-
ages photographed by the image pick-up unit; and the
image processing unitcalculates a desired image based
on the image signal stored in the image memorty unit.
[0011] Accordingto a second invention, in the first in-
vention, the image processing unit further calculates,
classifies, or analyzes a predetermined class of the sub-
jectbased on the image signal stored in the image mem-
ory unit.

[0012] Accordingto athird invention, in the firstinven-
tion, the image capturing unit further comprises an illu-
minating detecting sensor which senses characteristics
of spectroscopic distributions of ambient light, an exter-
nal strobe light-emitting device is attachable to the im-
age capturing unit, a sensing unit of the illuminating de-
tecting sensor is optically connectedto a light guide path
of strobe light upon the external strobe light-emitting de-
vice is attached to the image capturing unit.

[0013] According to a fourth invention, in the first in-
vention, the image capturing unit further comprises re-
flected light rejecting means which prevents the illumi-
nating light source frombeing photographed directly into
the subject.

[0014] Accordingto a fifth invention, in the first inven-
tion, the image capturing unit further comprises an op-
tical member which reduces the illuminating unhomoge-
neity between the illuminating light source and the sub-
ject.

[0015] Accordingto asixth invention, inthefirstinven-
tion, the image capturing unit further comprises a con-
necting contact portion for interlocking with an external
illuminating device, and the external illuminating device
connected via the connecting contact portion is lit-on in
the light-on sequence similar to that of the illuminating
light sources.

[0016] According to a seventh invention, in the first
invention, the plurality of illuminating light sources com-
prise at least one of a light source with the center wave-
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length of 780 to 900 nm or a light source with the center
wavelength of 300 to 380 nm.

[0017] According to an eighth invention, in the firstin-
vention, the image capturing unit and the image
processing unit are integrally formed.

[0018] According to a ninth invention, in the first in-
vention, the image capturing unit includes a color chip
for calibration in the image processing unit.

[0019] According to a tenth invention, in the first in-
vention, the image capturing unit uses a portable termi-
nal device having a photographing function, and an illu-
minating light source unit having a plurality of illuminat-
ing light sources as one unit having different character-
istics of spectroscopic distributions is attachable to the
portable terminal device having the photographing func-
tion.

[0020] According to an eleventh invention, in the first
invention, the image processing unit comprises image
filing software, and image data photographed upon op-
erating the photographing operating unit is recorded to
a predetermined portion of the image filing software.
[0021] According to a twelfth invention, in the first in-
vention, the image capturing unit further comprises sub-
ject portion sensing means which obtains positional in-
formation of the subject.

[0022] According to a thirteenth invention, in the first
invention, the image capturing unit further comprises a
temperature measuring unit.

[0023] According to a fourteenth invention, in the first
invention, the image capturing unit further comprises a
pulse rate measuring unit.

[0024] According to a fifteenth invention, in the first
invention, the image capturing unit further comprises an
auscultation function.

[0025] According to a sixteenth invention, in the first
invention, the image capturing unit further comprises
distance measuring means which manages the size of
the subject in the photographed image.

Brief Description of the Drawings
[0026]

Fig. 1 is a block diagram showing the configuration
of an image processing system according to a first
embodiment of the present invention;

Fig. 2 is a diagram showing an example of the ar-
rangement and an example configuration of LEDs
according to the first embodiment;

Fig. 3 is a graph showing spectroscopic sensitivity
characteristics of a CCD, light-emitting spectrums
of the LEDs, and spectroscopic characteristics of
them according to the first embodiment;

Fig. 4 is a flowchart showing the operations of the
light emission of the LEDs for capturing 6-band
spectroscopic images and the image capturing by
an image pick-up device according to the first em-
bodiment;
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Fig. 5 is a timing chart showing a state of the oper-
ations of the light emission of the LEDs and the im-
age capturing by the image pick-up device upon
capturing the 6-band spectroscopic images accord-
ing to the first embodiment;

Fig. 6 is a graph showing band characteristics of
frames in the operation for capturing the 6-band
spectroscopic images according to the first embod-
iment;

Fig. 7 is a flowchart showing the operations of the
light emission of the LEDs and the image capturing
by the image pick-up device according to the first
embodiment;

Fig. 8 is a timing chart showing a state of the oper-
ations of the light emission of the LEDs and the im-
age capturing by the image pick-up device upon
capturing a monitoring image according to the first
embodiment;

Fig. 9 is a graph showing band characteristics of the
frames upon capturing the monitoring image ac-
cording to the first embodiment;

Fig. 10is a diagram showing an example for a light-
ing-on method when three LEDs are arranged for
each of six primary colors according to the first em-
bodiment;

Fig. 11 is a perspective view showing an abutting
portion which is detachable to a projecting portion
of a casing according to the first embodiment;

Fig. 12 is ablock diagram showing the configuration
of the color reproduction for displaying on a display
in a processing apparatus according to the first em-
bodiment;

Fig. 13 is ablock diagram showing an example con-
figuration for determining an image of a subject
based on the captured subject spectroscopic image
according to the first embodiment;

Fig. 14 is ablock diagram showing an example con-
figuration for creating an input profile in a process-
ing apparatus according to the first embodiment;
Fig. 15 is a diagram showing a display example on
an LCD monitor in a photographing apparatus ac-
cording to the first embodiment;

Fig. 16 is a diagram showing an example of a state
of using the image processing system according to
the first embodiment;

Fig. 17 is ablock diagram showing the configuration
of an image processing system according to the
second embodiment of the present invention;

Fig. 18 is a timing chart showing reading states in
a full mode and a reading double-speed mode ac-
cording to the second embodiment;

Fig. 19 is a diagram showing a state of lines read in
a 2/4-line double-speed mode and a 2/8-line four-
time speed mode according to the second embod-
iment;

Fig. 20 is a flowchart showing the operation for set-
ting a photographing mode according to the second
embodiment;
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Fig. 21 is ablock diagram showing the configuration
of an image processing system according to the
third embodiment of the present invention;

Fig. 22 is a diagram showing an example of a state
of using the image processing system according to
the third embodiment;

Fig. 23 is a graph showing the light-emitting spec-
trums of the LEDs and the spectroscopic sensitivity
characteristics of a CCD passing through a color fil-
ter array according to the third embodiment;

Fig. 24 is a graph showing the spectroscopic char-
acteristics of spectroscopic images of the frames
upon creating 6-band spectroscopic images ac-
cording to the third embodiment;

Fig. 25 is a graph showing the spectroscopic char-
acteristics of the spectroscopic images of the
frames upon creating a monitoring image according
to the third embodiment;

Fig. 26 is a flowchart showing the operations for
light emission of LEDs and for image capturing by
an image pick-up device, upon capturing the 6-band
spectroscopic images according to the third embod-
iment;

Fig. 27 is a timing chart showing states of the oper-
ations for light emission of the LEDs and for image
capturing by the image pick-up device upon captur-
ing the B-band spectroscopic images according to
the third embodiment;

Fig. 28 is a flowchart showing the operations for
light emission of the LEDs and for image capturing
by the image pick-up device, upon capturing the
monitoring image according to the third embodi-
ment;

Fig. 29 is a timing chart showing states of the oper-
ations for light emission of the LEDs and for image
capturing of the image pick-up device, upon captur-
ing the monitoring image according to the third em-
bodiment;

Fig. 30 is a graph showing light-emitting spectrums
of the LEDs and the spectroscopic sensitivity char-
acteristics of the CCD through a color filter array,
upon creating 8-band spectroscopic images ac-
cording to the third embodiment;

Fig. 31 is a graph showing the spectroscopic char-
acteristics of the spectroscopic images of frames,
upon creating the 8-band spectroscopic images ac-
cording to the third embodiment;

Fig. 32 is a flowchart showing the operation for light
emission of the LEDs and for image capturing by
the image pick-up device, upon capturing the
8-band spectroscopic images according to the third
embodiment;

Fig. 33 is a timing chart showing a state of the op-
erations for light emission of the LEDs andforimage
capturing by the image pick-up device, upon cap-
turing the 8-band spectroscopic images according
to the third embodiment;

Fig. 34 is a graph showing the spectroscopic char-
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acteristics of the spectroscopic images every
frame, upon creating the monitoring image accord-
ing to the third embodiment;

Fig. 35 is a flowchart showing the operations for
light emission of the LEDs and for image capturing
by the image pick-up device, upon capturing the
monitoring image according to the third embodi-
ment;

Fig. 36 is a timing cart showing states of the oper-
ations for light emission of the LEDs and for image
capturing by the image pick-up device, upon cap-
turing the monitoring image according to the third
embodiment;

Fig. 37 is ablock diagram showing the configuration
of an image processing system according to the
fourth embodiment of the present invention;

Fig. 38 is a diagram showing an example state of
using the image processing system comprising a
plurality of spectrum sensors according to the fourth
embodiment;

Fig. 39 is a sectional view showing an example con-
figuration of the spectrum sensor according to the
fourth embodiment;

Fig. 40 is a sectional view showing a state of an in-
cident end of an optical fiber connected to the spec-
trum sensor according to the fourth embodiment;
Fig. 41 is a sectional view showing an example con-
figuration for arranging an optical system for sensor
near the incident end of the optical fiber connected
to the spectrum sensor according to the fourth em-
bodiment; and

Fig. 42 is a sectional view showing a state of the
incident end of the optical fiber connected to the
spectrum sensor arranged for obtaining ambient
light according to the fourth embodiment.

Fig. 43 is a diagram showing the configuration of an
image processing system for dentistry according to
a fifth embodiment of the present invention.

Fig. 44 is ablock diagram showing the configuration
of a photographing apparatus in the image process-
ing system for dentistry shown in Fig. 43.

Fig. 45 is a diagram showing the configuration of an
image processing system according to a sixth em-
bodiment of the present invention.

Fig. 46 is a block diagram showing the image
processing system shown in Fig. 45.

Fig. 47 is a flowchart for a photographing waiting
processing routine in photographing processing of
a photographing apparatus in the image processing
system shown in Fig. 45.

Fig. 48 is a flowchart for a photographing routine in
the photographing processing in the photographing
apparatus in the image processing system shown
in Fig. 45.

Fig.49is ablock diagram showing the configuration
of an image processing system according to a sev-
enth embodiment of the present invention.

Fig. 50 is a diagram showing states of illuminating
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a regular-reflection subject with LED light of colors
by a photographing apparatus in the image
processing system shown in Fig. 49, Fig. 50(A) is a
diagram showing the arrangement of the regular-
reflection subject, the LEDs of colors, a CCD inthe
image forming operation, and Fig. 50(B) is a dia-
gram showing an image having a regular-reflection
portion.

Fig. 51 is a diagram showing a subject image with
the regular-reflection portion with the illumination of
the LEDs of colors formed on the CCD upon illumi-
nating the regular-reflection subject with the LEDs
of colors by the photographing apparatus in the im-
age processing system shown in Fig. 49 and a sub-
ject image from which the regular-reflection portion
is removed by the photographing apparatus in the
image processing system.

Fig. 52 is a flowchart of processing for removing the
regular-reflection portion by the photographing ap-
paratus in the image processing system shown in
Fig. 49.

Fig. 563 is a block diagram showing an image
processing system according to an eighth embodi-
ment of the present invention.

Fig. 54 is a diagram showing a light reflecting state
on the regular-reflection subject in the case of pho-
tographingthe regular-reflection subject by the pho-
tographing apparatus in the image processing sys-
tem shown in Fig. 53.

Fig. 55 is a block diagram showing the configuration
of an image processing system according to a ninth
embodiment of the present invention.

Fig. 56 is a front view showing a second polarizing
plate arranged in front of a CCD in a photographing
apparatus in the image processing system shown
in Fig. 55.

Fig. 57 is ablock diagram showing the configuration
of an image processing system according to a tenth
embodiment of the present invention.

Fig. 58 is a diagram showing shading states of an
LED light source before correction by a photograph-
ing apparatus in the image processing system
shown in Fig. 57, wherein Figs. 58(A) and 58(B) are
diagrams showing the shading state of different
LEDs.

Fig. 59 a diagram showing shading states of the
LED light source after correction by the photograph-
ing apparatus in the image processing system
shown in Fig. 57, wherein Figs. 59(A) and 59(B) are
diagrams showing the shading states of the LEDs.
Fig. 60 is a block diagram showing the configuration
of an image processing system according to an
eleventh embodiment of the present invention.
Fig. 61 is a diagram showing the arrangement of an
LED light source unit of a photographing apparatus
in the image processing system shown in Fig. 60.
Fig. 62 is a block diagram showing the configuration
of an image processing system according to a
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twelfth embodiment of the present invention.

Fig. 63 is ablock diagram showing the configuration
of an image processing system according to a thir-
teenth embodiment of the present invention.

Fig. 64 is ablock diagram showing the configuration
of an image processing system according to a four-
teenth embodiment of the present invention.

Fig. 65 is ablock diagram showing the configuration
of an image processing system according to a fif-
teenth embodiment of the present invention.

Fig. 66 is ablock diagram showing the configuration
of an image processing system according to a six-
teenth embodiment of the present invention.

Fig. 67 is ablock diagram showing the configuration
of an image processing system according to a sev-
enteenth embodiment of the present invention.
Fig. 68 is ablock diagram showing the configuration
of an image processing system according to an
eighteenth embodiment of the present invention.
Fig. 69 is ablock diagram showing the configuration
of an image processing system according to a nine-
teenth embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0027] Hereinbelow, a description is given of embod-
iments of the present invention with reference to the
drawings.

[0028] Figs. 1 to 16 relate to a first embodiment, Fig.
1 is a block diagram showing the configuration of an im-
age processing system.

[0029] The image processing system comprises: a
photographing apparatus 1 which can take a picture of
a subject spectroscopic image by illuminating a subject
with illuminating light having a plurality of independent
varying wavelength bands in a visible light area; and a
processing apparatus 2 which is connected to the pho-
tographing apparatus 1 and processesthe subject spec-
troscopic image outputted from the photographing ap-
paratus 1. The processing apparatus 2 is connected to
a network 3 if necessary.

[0030] Inthe photographing apparatus 1 accordingto
the first embodiment, the image pick-up operation of a
still image and the image pick-up operation of a moving
image are performed. That is, in the image pick-up op-
eration of the still image, illuminating light having six
types of wavelength bands (six primary-color illuminat-
ing light) is sequentially irradiated to the subject, and six
subject-spectroscopic-images are captured as the still
images. In the image pick-up operation of the moving
image, at least one piece of illuminating light is selected
fromthe six primary-color illuminating light, three R-, G-,
and B-illuminating light is set and is sequentially irradi-
ated, and the images are captured as a surface-sequen-
tial moving image.

[0031] Further, the photographing apparatus 1 com-
prises: a casing 5 having a projecting port 5a which
projects the illuminating light, as will be described later,
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and on which reflecting light from the subject is incident;
an abutting portion 4 which is detachably attached to the
projecting port 5a of the casing 5 and is cylindrically-
shaped, containing a material with the flexibility for
shielding so as to prevent the mixing the ambient light
and the illuminating light projected to the subject via the
projecting port 5a; first to sixth LEDs 6a to 6f serving as
light-emitting devices which are built-in the casing 5 and
emit the illuminating light by the light-on so as to illumi-
nate the subject; an image pick-up optical system 7
which is built-inthe casing 5 and creates a subjectimage
illuminated by the first to sixth LEDs 6a to 6f; a CCD 8
serving as an image pick-up device, included in an im-
age pick-up device unit which picks-up the subject im-
age formed by the image pick-up optical system 7 and
outputs an image signal; an A/D converter 9 which con-
verts an analog signal outputted from the CCD 8 into a
digital signal; a memory 11 which temporarily stores the
subject spectroscopic image outputted from the A/D
converter 9 and transmitted via a bus 10, as will be de-
scribed later, and which is used as a working area of a
CPU 18 as will be described later; an operating switch
14 serving as a photographing operating unit, including
various operating switches and operating buttons for in-
putting a starting instruction of the spectroscopic image
photographing operation and inputting a starting or end-
ing instruction of the moving image photographing op-
eration; a camera control I/F 12 which transmits the in-
structing input from the operating switch 14 to the CPU
18, as will be described later, issues a command for the
control of light emission of the first to sixth LEDs 6a to
6f based on the instruction from the CPU 18, and con-
trols the image pick-up operation of the photographing
apparatus 1; an LED driver 13 which controls the light
emission of a light-emission starting timing and a light-
emission ending timing of the first to sixth LEDs 6a to 6f
based on the instruction from the camera control I/F 12;
amonitor I/F 15 which controls the operation for display-
ing, on an LCD monitor 16 which will be described later,
the subject spectroscopic images (still images) stored
in the memory 11 or the moving image picked-up by the
CCD 8; the LCD monitor 16 which displays the image
outputted form the monitor I/F 15; an external I/F 17
which outputs, to the processing apparatus 2, the sub-
ject spectroscopic images stored in the memory 11 and
control data from the processing apparatus 2 or inputs
communication data from the processing apparatus 2;
and the CPU 18 serving as a control unit which system-
atically controls the photographing apparatus 1 includ-
ing the A/D converter 9, the memory 11, the camera con-
trol I/F 12, the monitor I/F 15, the external I/F 17, the
CPU 18 which will be described later, and the above-
mentioned circuits.

[0032] The processing apparatus 2 comprises: a cal-
culating device 21 which comprises, e.g., a personal
computer or the like, receives the subject spectroscopic
image outputied from the external I/F 17, calculates
three XYZ excitation values by using an input profile as



11 EP 1 528 380 A1 12

will be described later, and generates a display signal
for obtaining, from a display 22 that will be described
later, substantially the same three XY Z excitation values
asthethree XYZ excitation values presumed to be given
by the subject with a display profile based on the calcu-
lated three XYZ excitation values; and the display 22
which displays the image on which the colors are repro-
duced at the high fidelity level by using the display signal
outputted from the calculating device 21. Although not
shown, the processing apparatus 2 comprises a net-
work interface for connecting to the network 3 and the
like.

[0033] Incidentally, the photographing apparatus 1
and the processing apparatus 2 may be connected by
wiring. Alternatively, the photographing apparatus 1 and
the processing apparatus 2 may be connected by radio
frequency using Bluetooth or radio LAN or may be inte-
grally configured.

[0034] Fig. 3 is a graph showing the spectroscopic
sensitivity characteristics of the CCD 8, the light-emit-
ting spectrums of the first to sixth LEDs 6ato 6f, and the
spectroscopic characteristics thereof.

[0035] Referringto Fig. 3(A), the first to sixth LEDs 6a
to 6f serving as the light-emitting devices have varied
independent light-emitting spectrums. The light of the
first LED 6a shown by a curve fL1 is blue having the
small amount of violet, for example. The light of the sec-
ond LED 6b shown by a curve fL2 is blue having the
small amount of green, for example. The light of the third
LED 6¢ shown by a curve fL3 is green having the small
amount of blue, for example. The light of the fourth LED
6d shown by a curve fL4 is green having the small
amount of yellow, for example. The light of the fifth LED
6e shown by a curve fL5 is orange, for example. The
light of the sixth LED 6f shown by a curve fL6 is red, for
example.

[0036] Inthe shown example, the light-emitting spec-
trums of the first to sixth LEDs 6a to 6f are completely
separated without overlaying each other. However, the
light-emitting spectrums of the first to sixth LEDs 6a to
6f may be partly overlaid. Further, the number of types
of LEDs is not limited to six and an arbitrary number of
types of LEDs may be properly combined.

[0037] The specirums of the illuminating light of the
LEDs may be arrayed at an equal wavelength interval
(at which peaks, for example, are aligned at an equal
interval in the wavelength direction), at an equal wave-
length ratio interval (at which the peaks or the like are
aligned at a predetermined ratio interval in the wave-
length direction), at a specific array for specific purpose
(by which the peaks or the like are specifically aligned
in the wavelength direction for the specific purpose), by
the setting to be sequentially multiplying a specific
wavelength-color (by which the peaks or the like are
aligned at the position for sequentially multiplying the
wavelength by using the specific wavelength as a basic
wavelength), by the arrangement of a specific polarizing
color (by which the blight expressed by the peaks
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aligned in the wavelength direction is polarized in the
specific direction), or by the arrangement of light extend-
ed to outside the visible light area (by which the light
expressed by the peaks aligned in the wavelength di-
rection reaches an area outside the visible light area).
The spectrum alignment maiching the using purpose
may be selected.

[0038] Thelight-emitting device uses the LED serving
as a semiconductor light-emitting device with high lumi-
nance that is light in weight, compact in size, and is eas-
ily obtained because of its relatively inexpensive price.
However, the light-emitting device is not limited to this
and may be a semiconductor laser such as an LD (laser
diode) or another light-emitting device.

[0039] According to the first embodiment, the CCD 8
is a monochrome-type cne. As shown by a curve fS in
Fig. 3(A), the sensor sensitivity entirely covers the visi-
ble light area. The image pick-up device uses a mono-
chrome-type CCD. However, the image pick-up device
is not limited to this and may use a color-type CCD as
will be described later, a CMOS-type CCD, or other im-
age pick-up devices.

[0040] Referring to Fig. 3(B), curves fSL1 to fSL6
show the spectroscopic sensitivity characteristics, when
the CCD 8 receives the light of the subject images illu-
minated by the firstto sixth LEDs 6ato 6f. The difference
of wavelengths having the total spectroscopic sensitivity
characteristics is electrically processed later or is cor-
rected as the input profile of the photographing appara-
tus 1.

[0041] Fig. 2 is a diagram showing an example con-
figuration and an example of the arrangement of the
LEDs.

[0042] Referringto Fig. 2(A), the first to sixth LEDs 6a
to 6f comprise six primary colors. Three sets of the first
to sixth LEDs Ba to 6f (three sets for each color) are
sequentially arranged like a ring. The arranging se-
quence shown in Fig. 2(A) is one example, the present
invention is not limited to this and can be widely applied
to an arbitrary arrangement such as inverse sequence
and random arrangement.

[0043] Referring to Fig. 2(B), a plurality of light-emit-
ting portions 6A are arranged like aring. The firstto sixth
LEDs 6a to 6f are arranged such that the light-emitting
portions BA include the six primary colors. In the exam-
ple shown in Fig. 2(B), one light-emitting portion 6A in-
cludes all the six primary colors, but the present inven-
tion is not limited to this and the six primary colors are
separately arranged to a plurality of light-emitting por-
tions BA, e.g., three primary colors are arranged to the
two light-emitting portions B6A.

[0044] Referring to Fig. 2(C), one ends 6Ba to 6Bf of
afiber bundle 6B are connected to the first to sixth LEDs
6a to 6f and the other end 6Bg of the fiber bundle 6B is
formed like a ring. Thus, the illuminating light emitted
from the first to sixth LEDs 6a to 6f is incident on the
bundle fiber ends 6Ba to 6Bf. The bundle fiber end com-
prises a plurality of fine fibers. At an emitting portion 6Bg
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of the bundle fiber, the fine fibers of the LEDs are mixed
and thus the light is irradiated to the subject by using
the fibers as an even light source like a ring. The influ-
ence of total reflection from the subject is suppressed.
[0045] The arrangement of the LEDs is not limited to
the examples shown in Fig. 2. As long as the CCD 8
does not disturb the image pick-up operation, the ar-
rangement of the LEDs can may be like aring one, cross
one, rectangular one, random one, and another proper
one.

[0046] Next, a description is given of two image cap-
turing modes in the photographing apparatus 1.

[0047] As mentioned above, the photographing appa-
ratus 1 picks-up the moving image as the normal RGB
images and the still image as the subject spectroscopic
images of the six primary colors for reproducing the
color at the high fidelity level. In a capturing mode of a
monitoring image, the moving image is picked-up. In a
capturing mode of a spectroscopic image, the stillimage
is picked-up.

[0048] The two modes are switched by pressing a
photographing button 14a (refer to Fig. 16) comprising
apressing button switch included in the operating switch
14.

[0049] That is, the capturing mode of the monitoring
image is automatically set by switching-on a power
switch, and the subject image is displayed on the LED
monitor 16 as the moving image. In this state, the portion
in the subject for photographing the spectroscopic im-
age is searched and the photographing apparatus 1 is
positioned. Thus, the portion in the subject to be photo-
graphed is within the image pick-up range and the pho-
tographing apparatus 1 is positioned. By pressing the
photographing button 14a (refer to Fig. 16), the captur-
ing mode of the monitoring image is switched to the cap-
turing mode of the spectroscopic image and the subject
spectroscopic image is captured as the still image.
[0050] After capturing the subject spectroscopic im-
age, the mode is returned to the capturing mode of the
monitoring image and the portion in the subject for next
capturing spectroscopic image is searched.

[0051] Although not shown, a result of analyzing the
spectroscopic image or the color reproduction using the
captured spectroscopic image is displayed on the LCD
monitor 16 or the display 22 by another setting just after
capturing the spectroscopic image.

[0052] Next, a description is given of the operation of
the capturing mode of the spectroscopic image in the
image processing system with reference to Figs. 4 to 6.
Fig. 4 is a flowchart showing the operations for light
emission of LEDs and for image capturing by the image
pick-up device upon capturing the 6-band spectroscopic
images. Fig. 5 is a timing chart showing a state of the
operations for light emission of the LEDs and for image
capturing by the image pick-up device upon capturing
the B6-band spectroscopic images. Fig. 6 is a graph
showing the band characteristics of the frames upon
capturing the 6-band spectroscopic images.
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[0053] By pressing the photographing button 14a (re-
fer to Fig. 16), the capturing mode of the monitoring im-
age is switched to the capturing mode of the spectro-
scopic image and then it is determined whether or not
the image pick-up operation of the spectroscopic image
starts (step S1). When the image pick-up operation of
the spectroscopic image promptly starts by pressingthe
photographing button 14a, the determination may not
be performed. However, when the photographing button
14a comprises a two-step pressing button and adjusts
the focusing orthe amount of exposure at the first press-
ing step serving as half pressing and starts the exposure
at the second pressing step serving as the complete
pressing, in step S1, it is determined whether or not the
operation is to be executed at the second pressing step.
[0054] Next, one is set to a variable n (step S2) and
the n-th LED is lit-on (step S3). Since n is set to 1, the
first LED 6ais lit-on. The illumination light using the first
LED 6a isirradiated to the subject via the projecting port
5aofthecasing 5. Inthis case, since the abutting portion
4 is softly abutted to the subject surface so asto prevent
the flow-in of the ambient light, the only the illumination
light from the first LED 6a is projected to the subject.
The reflecting light from the subject is formed onto the
CCD 8 by using the image pick-up optical system 7.
[0055] After starting the light-on operation of the first
LED 6a, the image pick-up operation of the CCD 8, spe-
cifically, the storaging of charges starts (refer to Fig. 5)
(step S4).

[0056] After endingthe image pick-up operation using
the CCD 8, then, the first LED 6a is lit-off (step S5). The
image data is read from the CCD 8, is converted into
digital data by the A/D converter 9, and is stored in a
predetermined storage area (n-th memory, here, first
memoty) in the memory 11 (step S6). When the 6-band
spectroscopic images are picked-up, the memory 11
has the storage areas serving as the first to sixth mem-
ories, and the spectroscopic images are sequentially
stored in the storage areas.

[0057] Then, the variable n is incremented (step S7).
Herein, the variable n is incremented from one to two.
[0058] It is determined whether or not the variable n
is seven or more (step S8). Since the variable nis 2 yet
here, the processing returns to step S3 whereupon the
second LED 6b is lit-on. Afterthat, the operation in steps
S3 to S7 is performed.

[0059] Afterthe sixth LED 6f is lit-on when the variable
n is 6 and the operation to step S6 ends, the 6-band
spectroscopic image is captured as shown in Fig. 6 and
is stored in the memory 11. In step S7, the variable n is
incremented to 7, then, in step S8, it is determined that
the variable n reaches 7 and the operation for capturing
the 6-band spectroscopic images ends.

[0060] Although not shown, the image capturing tim-
ings by the LEDs and the CCD are not limited to the
foregoing. Identically, the LEDs are lit-on after starting
capturing the image by the image pick-up device and
the image capturing by the image pick-up device ends
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after the LEDs are lit-off

[0061] Next, a description is given of the operation in
the capturing mode of the monitoring image in the image
processing system with reference to Figs. 710 9. Fig. 7
is a flowchart showing the operation for light emission
of the LEDs and for image capturing by the image pick-
up device upon capturing the monitoring image. Fig. 8
is atiming showing a state of the operation for light emis-
sion of the LEDs and for image capturing by the image
pick-up device upon capturing the monitoring image.
Fig. 9is a graph showing the band characteristics of the
frames upon capturing the monitoring image.

[0062] Inthe capturing mode of the monitoring image,
in the illuminating light of the six primary colors from the
first to sixth LEDs 6a to 6f, the first LED 6a and the sec-
ond LED 6b emit the light corresponding to the range of
blue (B), the third LED 6¢ and the fourth LED 6d emit
the light corresponding to the range of green (G), and
the fifth LED 6e and the sixth LED 6f emit the light cor-
responding to the range of red (R), thereby capturing
the RGB images serving as the moving image by the
surface sequential method.

[0063] Herein, the primary colors of the light emission
are selected for using on general RGB images. Howev-
er, the present invention is not limited to this and another
primary color of the light emission may be selected for
using on specific application.

[0064] The capturing mode of the monitoring image is
set by switching-on the power switch or the mode is re-
turned to the capturing mode of the monitoring image
by ending the capturing mode of the spectroscopic im-
age. Then, the start of the image pick-up operation of
the monitoring image is waited (step S11).

[0065] Herein, the image pick-up operation promptly
starts and the variable n is set to one (step S12). The n-
th LED and the (n+1)-th LED are lit-on (step S13). Since
the variable n is set to one, the first LED 6a and the sec-
ond LED 6b are lit-on.

[0066] After starting the light-on operation of the first
LED 6a and the second LED 6b, the image pick-up op-
eration by the CCD 8 starts (refer to Fig. 8) (step S14).
[0067] After ending the image pick-up operation by
the CCD 8, thefirst LED 6a and the second LED 6b are
lit-off (step S15). The image data is read from the CCD
8, is converted into the digital data by the A/D converter
9, and is stored in a predetermined storage area (n-th
memory, here, first memory) in the memory 11 via the
bus 10 (step S16).

[0068] Then, the variable n is increased by two (step
S17). The variable n is increased from 1 to 3.

[0069] It is determined whether or not the variable n
is 7 or more (step S18). Here, since the variable n is 3
yet, the processing returns to step S13 whereupon the
third LED 6c¢ and the fourth LED 6d are lit-on. The op-
eration in steps S13 to S17 is performed.

[0070] Thus, the variable n is 5 and further the
processing returns to step S13 whereupon the fifth LED
6e and the sixth LED 6f are lit-on. The operation to step
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S16 ends. The RGB images with the band characteris-
tics shown in Fig. 9 are sequentially captured in order
of R, G, and B, and are stored in the first memory, third
memory, and fifth memory in the memory 11. The vari-
able n is incremented to 7 in step S17 and therefore it
is determined in step 318 that the variable n reaches 7.
[0071] After capturing the RGB images, the process-
ing returns to step S11 whereupon it is determined
whether or not the next RGB images are captured.
When the capturing mode of the monitoring image is se-
quentially set, the next RGB images are captured. This
operation is repeated, thereby capturing the RGB mov-
ing images.

[0072] Although not shown, the image capturing tim-
ings of the LEDs and CCD are not limited to this. Iden-
tically, the LEDs are lit-on after starting capturing the im-
age by the image pick-up device and the operation for
capturing the image by the image pick-up device ends
after lighting-off the LEDs.

[0073] The above-mentioned image data stored inthe
memory 11 is then read, is converted into the image sig-
nal for display on the monitor, and is outputted and dis-
played on the LCD monitor 16 via the monitor I/F 15.
Further, the setting of the image processing system is
changed, thereby displaying the image data on the dis-
play 22 of the processing apparatus 2.

[0074] In order to ensure the illuminance, the LEDs
for the six primary colors are divided into three groups
including the two LEDs, namely, R devices, G devices,
and B devices. However, the present invention is not lim-
ited to this. For example, the LED for one primary color
may be emitted for the light, specifically, the first LED
6a may be emitted with respect to the light B (blue), the
third LED 6¢ may emit the light G (green), and the fifth
LED 6e may be emitted with respect to the light R (red).
In this case, the LED may be selected such that the
spectroscopic characteristics of the LEDs maich the
RGB light emission.

[0075] Onlythe LED forone primary color orthe LEDs
for a plurality of primary colors may be lit-on, thereby
capturing a monochrome monitoring image. Conse-
quently, the image can be displayed at a high speed on
the monitor.

[0076] Fig. 10 is a diagram showing an example of
lighting-on the LEDs when the three LEDs for each of
six primary colors are arranged.

[0077] The light-emitting mode includes a case of
lighting-on all the LEDs, a case of lighting-on one LED
for one primary color, a case of lighting-on the three
LEDs for one primary color, a case of lighting-on the
LEDs for six primary colors one by one, a case of light-
ing-on the six LEDs of blue (B) in the eighteen LEDs for
six primary colors, a case of lighting-on the six LEDs of
green (G) in the eighteen LEDs for six primary colors, a
case of lighting-on the six LEDs of red (R) in the eighteen
LEDs for six primary colors, a case of lighting-on the
three LEDs of blue (B) in the eighteen LEDs for six pri-
mary colors, a case of lighting-on the three LEDs of
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green (G) in the eighteen LEDs for six primary colors,
or a case of lighting-on the three LEDs of red (R) in the
eighteen LEDs for six primary colors. As mentioned
above, the devices for each color simultaneously emit
the light and the devices collected at each position si-
multaneously emit the light.

[0078] The photographing apparatus 1 according to
the first embodiment picks-up the image of the subject
either on contact or on noncontact with the subject.
However, in order to accurately reproduce the image, it
is necessary to prevent the influence from the light gen-
erated by devices other than the photographing appa-
ratus 1.

[0079] Therefore, inthe case of picking-up the subject
image in the noncontact state, the illumination of the ex-
terior lighting needs to be lit-off.

[0080] In the case of the subject image which is pho-
tographed in the contact state, such as the image of the
painting surface, skin surface, or close image, the abut-
ting portion 4 that is cylindrically shaped is softly abutted
to the subject (refer to Fig. 1) as mentioned above. The
shielding performance is ensured.

[0081] Since the abutting portion 4 is used in the im-
age pick-up operation in the contact state, referring to
Fig. 11, the abutting portion 4 is detachable and dispos-
able member in view of the sanitation for preventing the
bacterial contamination or dirt when the subject is the
human body and in view of preventing the transfer of dirt
when the subject is a painting plate. Fig. 11 is a perspec-
tive view showing the abuiting portion 4 that is detach-
able to the projecting port 5a of the casing 5.

[0082] The abutting portion 4 contains a heatinsulator
when the subject is at the high temperature or low tem-
perature, an electric insulator when the subject is elec-
trostatic or conductive, a solution-proof material when
the subject is dipped in the solution, or a glass window
for projecting the illuminating light and receiving the re-
flecting light. Since the abutting portion 4 is a single de-
tachable part, the abutting portion 4 is easily formed,
including the various above-mentioned materials. Fur-
ther, an observing window that is opened and is closed
to the abutting portion 4 is easily arranged to observe
the subject surface by the naked eyes.

[0083] Accordingtothefirst embodiment, one specific
primary color or a plurality of primary colors are used
from among the plurality of primary colors whose light
is emitted by the LEDs, thereby enabling the use for the
examination or determination for specific application.
[0084] A description is given of the color reproduction
in the processing apparatus 2.

[0085] The subject spectroscopic image is recorded
to the memory 11 by the image pick-up operation of the
photographing apparatus 1, is senttothe processing ap-
paratus 2 via the external I/F 17, and is recorded to an
image memory unit 32 (refer to Fig. 12) incorporated in
the processing apparatus 2. Then, the calculating de-
vice 21 that is operated by predetermined software per-
forms the color reproduction or image processing of the
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recorded image. The processing result is displayed on
the display 22 of the processing apparatus 2 or is trans-
ferred and is displayed on the LCD monitor 16.

[0086] Fig. 12 is a block diagram showing the config-
uration for performing color reproduction to display on
the display 22 in the processing apparatus 2.

[0087] The processing apparatus 2 comprises: anim-
age distributing unit 31 which distributes the storage ar-
eas in the image memory unit 32 depending on which
of the first to sixth LEDs 6a to 6f illuminates the subject
spectroscopic images inputted from the photographing
apparatus 1; the image memory unit 32 having first to
sixth memories 32a to 32f serving as the storage mem-
ories for storing the subject spectroscopic images dis-
tributed by the image distributing unit 31; and a color
reproduction calculating unit 33 which reads the subject
spectroscopic image stored in the image memory unit
32 and calculates and outputs display image data for
displaying the image that is color-reproduced at the high
fidelity level on the display 22. The components 31 to
33 are included in the calculating device 21 shown in
Fig. 1. Further, the processing apparatus 2 comprises
the display 22 which displays the image that is color-
reproduced at the high fidelity level based on the display
image data outputted from the color reproduction calcu-

lating unit 33.
[0088] Thecolorreproduction calculating unit 33 com-
prises:

an input profile storing portion 33b which stores a profile
on the photographing apparatus 1; an XYZ estimating
and calculating portion 33a which reads the subject
spectroscopic images stored in the first to sixth memo-
ries 32ato 32f in the image memory unit 32 and creates
the image data having three XYZ excitation values by
the estimation and calculation using the input profile
stored in the input profile storing portion 33b and a pre-
determined equal-color function set therein; a display
profile storing portion 33d which stores a profile on the
display 22; and a display value converting portion 33c
which creates the display image datafor being outputted
onthe display 22 by the calculation using the image data
of the three XYZ excitation values estimated by the XYZ
estimating and calculating portion 33a and the display
profile stored in the display profile storing portion 33d.

[0089] The input profile stored in the input profile stor-
ing portion 33b is as disclosed in, e.g., Japanese Unex-
amined  Patent Application  Publication  No.
2000-341499. The input profile is calculated based on
the characteristics and setting of the photographing ap-
paratus 1 including the spectroscopic sensitivity of the
CCD 8 used for the image pick-up operation (image in-
put device), spectrum data of the illuminating light upon
photographing the subject (information on the illuminat-
ing light for photographing), spectrum data of the illumi-
nating light at the installing position of the display 22 for
obsetrving the created subject image (information on the
illuminating light for observation), information such as
static characteristics of the spectroscopic reflectance of
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the photographed subject (information on the subject
characteristics).

[0090] Fig. 14 is a block diagram showing an example
configuration for creating the input file in the processing
apparatus 2.

[0091] Referring to Fig. 14, the input profile may be
created based on the data obtained from the photo-
graphing apparatus 1 in the processing apparatus 2.
[0092] The data obtained by the photographing appa-
ratus 1 includes illumination light spectrum data, camera
characteristic data, subject characteristic data, and the
like.

[0093] The illumination spectrum data is spectrum da-
ta on the illumination upon picking-up the image of the
subject, forexample, and becomes spectrum data of the
first to sixth LEDs 6a to 6f included in the photographing
apparatus 1 in the contact state. In the non-contact
state, the illumination spectrum data includes spectrum
data of the external illumination upon photographing the
subject.

[0094] The camera characteristic data includes char-
acteristics of the image pick-up optical system 7 includ-
ing a focusing level, image pick-up characteristics of the
CCD 8, shutter speed, stop value, and various charac-
teristics.

[0095] The subject characteristics include spectro-
scopic statistic data and the like when the subject is the
tooth, skin, or painting material, for example. The oper-
ating switch 14 may include in this case a subject des-
ignation operating portion to create the input profile with
high precision and thus a subject designating signal for
designating the subject may be inputted.

[0096] Referring to Fig. 14, the processing apparatus
2 which creates the input profile based on the data com-
prises: an input profile calculating portion 33e which
reads the illumination spectrum data, the camera char-
acteristic data, and the subject characteristic data and
thus creates the input profile; and the input profile stor-
ing portion 33b which stores the input profile created by
the input profile calculating portion 33e.

[0097] With the above-mentioned configuration, the
color can be adaptively reproduced at the high fidelity
level even when the photographing apparatus 1 con-
nected to the processing apparatus is changed to the
different individual one or different type of device (e.g.,
the image pick-up optical system 7 is changed) and
even whenthe environment illumination for photograph-
ing is changed or the subject serving as the photograph-
ing target is variously changed.

[0098] The display profile stored in the display profile
storing portion 33d is calculated based on information
such as a chromaticity value of a display primary-color
value of the display 22 (e.g., RGB primary color values
when the display 22 is an RGB monitor) and the tone
curve of the display 22. The display may be a multi-pri-
mary-coler reproducing system disclosed in Japanese
Unexamined Patent Application Publication No.
2000-338950.
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[0099] Fig. 13is ablock diagram showing an example
configuration for image determination of the subject
based on the captured subject spectroscopic image.
[0100] The subject spectroscopic image stored in the
first to sixth LEDs 32a to 32f in the image memory unit
32 is read and is determined on the subject image by
an image determining and calculating unit 34. The de-
termining result is outputted and is displayed on the dis-
play 22. The image may be determined and may be cal-
culated via a network and the result may be displayed
on the LCD monitor 16.

[0101] Theimage determining and calculating unit 34
comprises: a determining function storing portion 34b
which stores a determining function for various classifi-
cation/determination/diagnosis onthe subject; and a de-
termining and calculating portion 34a which calculates,
by using the determining function, all the six subject
spectroscopic images stored in the first to sixth memo-
ries 32a to 32f in the image memory unit 32 or at least
one subject spectroscopic image selected from the six
ones, thus calculates the determining result, and cre-
ates image data for displaying the determining result to
be displayed on the display 22.

[0102] The determining function can be variously re-
placed depending on for which application the image
processing system is used. Therefore, the determining
function storing portion 34b may comprise a rewritable
or write-once storage medium which can rewrite or add
the determining function used depending on the appli-
cation. An example of the above-mentioned determining
function is a function disclosed in Japanese Unexam-
ined Patent Application Publication No. 7-120324.
[0103] Theimage determining and calculating unit 34
shown in Fig. 13 may be provided in the processing ap-
paratus 2, in place of the color-reproduction calculating
unit 33 shown in Fig. 12. Alternatively, the image deter-
mining and calculating unit 34 shown in Fig. 13 and the
color-reproduction calculating unit 33 shown in Fig. 12
may be provided in the processing apparatus 2 and thus
the processing may be simultaneously executed or may
be performed by selectively switching the necessary
one.

[0104] Next, Fig. 15 is a diagram showing a display
example of the LCD monitor 16 in the photographing ap-
paratus 1.

[0105] Referring to Fig. 15(A), the LCD monitor 16 is
arranged to the top of a grip portion 5b on the rear side
of the casing 5 in the photographing apparatus 1, and
displays an image as shown in Fig. 15(B) or 15(C). Here-
in, an image of the hand is picked-up as an example.
[0106] Fig. 15(B) shows a state displaying the moving
image picked-up in the capturing mode of the monitoring
image. The LCD monitor 16 has a function of a finder.
[0107] Fig. 15(C) shows a state for displaying the de-
termining result of the subject image by the image de-
termining and calculating unit 34. The LCD monitor 16
displays an ID number of the subject (e.g., patient
number in a diagnostic suppotrting system in the medical
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field) and a graph indicating a numerical analysis result
obtained by the image determination (e.g., curing proc-
ess). In addition to the foregoing, the LCD monitor 16
displays various information including a color-reproduc-
ing image, patient medical record, various data, and
charts.

[0108] The LCD monitor 16 functions as afinder upon
selecting the photographed portion and functions as a
monitor upon displaying a result of color reproduction
and a result of classification/determination/diagnosis.
[0109] In many cases, the display 22 of the process-
ing apparatus 2 has a wider area and higher definition,
as compared with those of the LCD monitor 16 arranged
to the handy photographing apparatus 1. Therefore, the
display 22 may display the activation, condition setting,
GUI for inputting information such as subject ID, patient
career, subject information such as previous informa-
tion, and the processing result, of processing software
executed depending on the purpose in the processing
apparatus 2.

[0110] An external database is connected to the net-
work 3, for example. The subject information may be ob-
tained to the processing apparatus 2 from the external
database, or the processing result in the processing ap-
paratus 2 may be stored into the external database. In
this case, in order to ensure the security, the identifica-
tion can be mutually performed upon connecting the
processing apparatus 2 and the external system via the
network 3 or the identification can be performed in ac-
cordance with the security level which is added to the
subject data.

[0111] Fig. 16 is a diagram showing a state of using
the image processing system.

[0112] The photographing apparatus 1 is compact in
size and light in weight. For example, the photographing
apparatus 1 performs the image pick-up operation by
abutting the front end side of the casing 5 having the
image pick-up system to a photographing target portion
of the subject by gripping the grip portion 5b with one
hand.

[0113] As mentioned above, the abutting portion 4 is
a detachable and disposable member, and shields the
external light which irradiates the photographing target
portion of the subject.

[0114] Aphotographingbutton 14aincluded in the op-
erating switch 14 is arranged on the top of the grip por-
tion Bb, e.g., the position operable with the forefinger.
The portion to be photographed is specified on the LCD
monitor 16 and then the photographing button 14a is
pressed down, thereby shifting the capturing mode of
the monitoring image to the capturingmode of the spec-
troscopic image to perform the image pick-up operation
of the spectroscopic image.

[0115] The captured spectroscopic images are sub-
jected to data processing in the processing apparatus 2
and is displayed on the display 22. As mentioned above,
the processing result of the processing apparatus 2 may
be displayed on the LCD monitor 16 in the photograph-
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ing apparatus 1 by the setting and the like if necessary.
[0116] In the example shown in Fig. 16, the process-
ing apparatus 2 is shown as a notebook type personal
computerwith a display. In this case, the processing ap-
paratus 2 may be connected to the network 3 via an in-
terface (I/F) such as RS-232C, USB, or IEEE1394 pro-
vided in the notebook type personal computer.

[0117] According to the first embodiment, the photo-
graphing apparatus in the image processing system
comprises six LEDs having different spectroscopic dis-
tributions in the visible light area. The subject spectro-
scopic image is picked-up by emitting the light of the six
LEDs while shading the ambient light. In this case, the
photographing apparatus is reduced in size because the
compact light semiconductor light-emitting device such
as the LED is used as the light source, and the photo-
graphing apparatus may be a handy one.

[0118] The processing of the processing apparatus
enables the display to display the image with the color
reproduced at the high fidelity level.

[0119] The designation of the LED for emitting the
light and the light-emitting sequence of the LEDs ena-
bles to pick-up images of not only the normal RGB mov-
ing images but also images used for various purposes.

[0120] Further, the use of the monochrome CCD
slightly reduces the costs. The image data of colors is
captured one screen by one screen without causing a
lacking of pixel. Therefore, the interpolation is omitted.

[0121] Figs. 17 to 20 relate to a second embodiment
of the present invention. Fig. 17 is a block diagram
showing the configuration of an image processing sys-
tem. Fig. 18 is a timing chart showing reading states in
a full mode and a double-speed mode. Fig. 19 is a dia-
gram showing a state of lines read in a 2/4-line double-
speed mode and a 2/8-line four-time speed mode. Fig.
20 is aflowchart showing the operation for setting a pho-
tographing mode.

[0122] According to the second embodiment, the
same components as those according to the first em-
bodiment are designated by the same reference numer-
als and are not described. Mainly, only different portions
are described.

[0123] The second embodiment uses the basic con-
figuration according to the firstembodiment. Further, ac-
cording to the second embodiment, it is possible to ad-
just an image reading speed from a color CCD having
acolorfilterarray (CFA) 19 in front of the image process-
ing system.

[0124] The image reading speed corresponds to a
display speed, and the display speed cannot be faster
than the image reading speed.

[0125] Generally, in the case of monitoring the image,
preferably, the display interval is 30 images/sec or more.
As a number N of primary colors increases, the display
interval becomes long in proportion to the increase, and
aflickering state and the large image positional shift due
to difference of time to capture a primary color image
are caused.
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[0126] Therefore, according to the second embodi-
ment, referring to Fig. 17, a camera control I/F 12A ad-
justs the image reading speed from a CCD 8A so that
the long display interval is prevented and the display in-
terval is constant irrespective of the read number N of
primary colors.

[0127] A description is given of the operation for set-
ting the photographing mode with reference to Fig. 20.
[0128] An operation for selecting the photographing
mode is inputted from the operating switch 14 (step S21)
and the CPU 18 detects the input and then records the
set photographing mode and the information thereon to
a part of recording area in the memory 11 (step S22).
Further, the CPU 18 issues a control command for
changing the photographing mode to the camera control
I/F 12A (step S23).

[0129] The camera control I/F 12A receives the in-
struction, controls the driving operation of the CCD 8A,
and changes the photographing mode. In this case, the
camera control I/F 12A controls the LED driver 13 intre-
lockingly to the operation of the CCD 8A, thereby ad-
justing the amount of light emission of the first to sixth
LEDs 6a to 6f together.

[0130] The photographing mode set by the photo-
graphing apparatus 1 is as follows, for example.

(1) Full mode

(2) Reading double-speed mode

(3) 2/4 line double-speed mode

(4) 2/8 line four-time-speed mode

(5) 2/16 line eight-time-speed mode

(6) First center-portion scanning mode

(7) Second center-portion scanning mode

(8) Third center-portion scanning mode

(9) Fourth center-portion scanning mode

(10) First center-portion high-speed scanningmode
(11) Second center-portion high-speed scanning
mode

[0131] Referring to Fig. 18(A), the "full mode" is a nor-
mal mode for sequentially reading all the pixels of all
scanning lines of the CCD BA atthe normal speed. Here,
the frames include the frame for simultaneously emitting
the light of the first LED 64, the third LED 6¢, and the
fifth LED 6e, and the frame for simultaneously emitting
the light of the second LED 6b, the fourth LED 6d, and
the sixth LED 6f. Means for capturing the six-primary-
color image by the above-mentioned light emission will
be described later according to the third embodiment.
[0132] As compared with the normal mode shown in
Fig. 18(A), the "reading double-speed mode" is a mode
for sequentially reading all the pixels of all the scanning
lines of the CCD 8A at the double speed of the normal
one as shown in Fig. 18(B). Although the reading speed
of the double speed is explained as an example, the
presentinvention is not limited to this and may be a prop-
er-multiple time or a variable multiple time.

[0133] The "2/4 line double-speed mode" is a mode
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for reducing, to the half, the time for reading one frame
by scanning only two lines every four lines. Although the
resolution in the vertical direction is half, the image in
the entire effective area is obtained.

[0134] The"2/8 line four-time-speed mode" is a mode
for reducing, to 1/4 time of the normal mode, the time
for reading one frame by scanning only 2 lines every
eight lines.

[0135] The "2/16 line eight-time-speed mode" is a
mode for reducing, to 1/8 time of the normal mode, the
time for reading one frame by scanning only 2 lines eve-
ry 16 lines.

[0136] Referringto Fig. 19(A), the "first center-portion
scanning mode" is a mode for reducing, to the half, the
time for reading one frame by scanning only a portion
of an S/2 (here, reference symbol S denotes the number
of all the scanning lines) line in the center portion within
the effective area.

[0137] Referring to Fig. 19(B), the "second center-
portion scanning mode" is a mode for reducing, to 1/4
speed, the time for reading one frame by scanning only
a portion of an S/4 (here, reference symbol S denotes
the number of all the scanning lines) line in the center
portion within the effective area.

[0138] Similarly, the "third center-portion scanning
mode" is a mode for reducing, to 1/8 speed, the time for
reading one frame by scanning only a portion of the S/
8 line in the center within the effective area.

[0139] Similarly, the "fourth center-portion scanning
mode" is a mode for reducing, to 1/16 speed, the time
for reading one frame by scanning only a portion of the
S/16 line in the center within the effective area.

[0140] Referringto Fig. 19(A), the "first center-portion
high-speed scanning mode" is a mode for reducing, to
1/4 speed, the time for reading one frame by scanning
only a portion of the S/2 line in the center portion within
the effective area at the double speed of the normal one.
[0141] Referring to Fig. 19(B), the "second center-
portion high-speed scanningmode" is amode for reduc-
ing, to 1/8 speed, the time for reading one frame by
scanning only a portion of the S/4 line in the center por-
tion within the effective area at the double speed of the
normal one.

[0142] The present invention is not limited to those
and anothermeans can scan the lines atthe high speed.
The photographing mode is summarized as follows, in-
cluding the foregoing.

[0143] First, simply, the scanning speed is made fast.
This is achieved by adjusting the timing of a trigger tim-
ing for instructing the reading start. For example, when
the display time of one frame is 1/30 sec, the increase
in speed is accomplished by setting the timing of the trig-
ger signal so that the reading time of the prima colors
(here, N primary colors) is 1/30/N.

[0144] Secondly, the scanning speed is made fast by
thinning-out operation. The above first speed increasing
means causes the limitation on the fast speed due to
the image pick-up device. On the contrary, in the case
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of thinning out the lines, although the image quality is
deteriorated, the speed can be made increased by sta-
ble scanning operation. Therefore, the degradation of a
frame rate is prevented and the flickering state on the
display is prevented. As the thinning-out example, the
lines are thinned-out based on a pixel unit in addition to
the thinning-out operation for a predetermined period or
a predetermined range based on a line unit. When the
image pick-up device is an XY address type one, only
a desired pixel is precisely read.

[0145] Thirdly, the speed is made increased by vary-
ing the frame rate depending on the primary color. In
CCDs including a standard RGB color filter or the like,
in many cases, the green (G) pixels close to a luminance
signal are arranged double number of red (R) or blue
(B) pixels. In consideration thereof, it is possible to read
the frame having the pixels close to the green (G) ones
in the six primary colors, corresponding to the double
number of frames of the color other than the green, i.e.,
the red and blue. The present invention is not limited to
this and many frames of the specific primary color may
be read or a reading rate may be varied step by step in
accordance with the necessity.

[0146] According to the second embodiment, the
same advantages as those according to the first embod-
iment are obtained. Further, the constant display speed
is ensured by changing the reading speed. In the case
of the color reproduction at the high fidelity level, the
moving image with natural motion is displayed.

[0147] Figs. 21 to 36 relate to the third embodiment
of the present invention. Fig. 21 is a block diagram
showing the configuration of an image processing sys-
tem. Fig. 22 is a diagram showing an example of a state
of using the image processing system. According to the
third embodiment, the same components as those ac-
cording to the first embodiment are designated by the
same reference numerals and are not described. Main-
ly, only different portions are described.

[0148] The third embodiment uses the basic configu-
ration according to the first embodiment. Further, ac-
cording to the third embodiment, a 3-band color filter ar-
ray is arranged onto the image pick-up surface of the
CCD.

[0149] Referring to Figs. 21 and 22, the photograph-
ing apparatus 1 comprises a 3-band (RGB) color filter
array 19 (abbreviated to a CFA in the drawings) nearthe
CCD 8 on the optical path on which the image pick-up
optical system 7 forms the subject image, and a single-
plate color image pick-up device is provided as the im-
age pick-up device.

[0150] Fig. 23 is a graph showing the light-emitting
spectrums of the first to sixth LEDs 6a to 6f and the spec-
troscopic sensitivity characteristics of the CCD 8, the
spectroscopic  sensitivity characteristics passing
through the color filter array 19.

[0151] With respect to the light-emitting spectrums of
the 6-primary-color LEDs shown by the curves fL1 to fL6
as shown according to the first embodiment, curves fSB,
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fSG, and fSR shown in Fig. 23 denote the total spectro-
scopic sensitivity characteristics which are obtained by
the transmittance distribution of the color filter array 19
andthe light-receiving sensitivity distribution of the CCD
8.

[0152] Among the curves fSB, fSG, and fSR, the
curve fSB indicating a spectroscopic band area corre-
sponding to a blue color filter includes the two curves
fL1 and fL2, and receives the light emitted by the first
LED 6a and the second LED 6b. The curve fSG indicat-
ing a spectroscopic band area corresponding to a green
color filter includes the two curves fL3 and fL4, and re-
ceivesthe third LED 6c andthe fourth LED 6d. The curve
fSRindicating a spectroscopic band area corresponding
to a red color filter includes the two curves fL5 and L6,
and receives the fifth LED 6e and the sixth LED 6f.
[0153] The total spectroscopic sensitivity characteris-
tics are not necessarily independently separated and
may be partly overlaid at the peripheral portion. Further,
similarly to the first embodiment, the light-emitting spec-
trums of the first to sixth LEDs 6a to 6f may be partly
overlaid. Of course, the number of LED types is not lim-
ited to six and a proper number of LEDs may be com-
bined.

[0154] Next, the operation for capturing the image will
be described.
[0155] Similarly to the first embodiment, in the image

processing system the capturing mode of the monitoring
image and the capturing mode of the spectroscopic im-
age are switched to capture the image.

[0156] The operation of the capturing mode of the
spectroscopic image will be described with reference to
Figs.24,26,and27. Fig. 24 is a graph showingthe spec-
troscopic characteristics of the spectroscopic images of
frames upon creating the 6-band spectroscopic images.
Fig. 26 is a flowchart showing the operations for light
emission of LEDs upon capturing the 6-band spectro-
scopic images and for image capturing by an image
pick-up device. Fig. 27 is a timing chart showing states
of the operations for light emission of the LEDs upon
capturing the 6-band spectroscopic images and for im-
age capturing by the image pick-up device.

[0157] As menticned above according to the first em-
bodiment, the photographing button 14a is pressed,
thereby switching the mode to the capturing mode of the
spectroscopic image. Then, it is determined whether or
not the image pick-up operation of the spectroscopic im-
age starts (step S31).

[0158] The image pick-up operation of the spectro-
scopic image starts, then, the image of the frame N is
captured, and the image of a frame (N+1) is thereafter
captured.

[0159] The capturing operation of the image of the
frame N starts and then the first LED 6a, the third LED
6c, and the fifth LED 6e are simultaneously lit-on (refer
to Fig. 24(A)) (step S32). After the light-on operation,
the CCD 8 starts to pick-up the image (refer to Fig. 27)
(step S33).
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[0160] After the image pick-up operation of the CCD
8 ends, the image data is read from the CCD 8, is con-
verted into the digital data by the A/D converter 9, and
is stored in a predetermined storage area (frame mem-
ory) in the memory 11 via the bus 10 (step S34).
[0161] The image data stored in the frame memoty is
classified every primary color, and is stored in the pre-
determined storage area (first, third, and fifth memories)
in the memory 11 (step S35).

[0162] Then, the first LED 6a, third LED 6¢, and fifth
LED 6e are lit-off (step S36) and thus the capturing op-
eration of the images of the frame N ends.

[0163] The capturing operation of the image of the
next frame (N+1) is basically similar to the capturing op-
eration of the image of the frame N, only different in the
lit-on LED and the memory area in which the picked-up
image data is transferred.

[0164] Thatis,the second LED 6b, the fourth LED 6d,
and the sixth LED 6f are simultaneously lit-on (refer to
Fig. 24(B)) (step 37). After starting the light-on opera-
tion, the image pick-up operation of the CCD 8 starts
(refer to Fig. 27) (step S38).

[0165] After the image pick-up operation of the CCD
8 ends, the image data is read from the CCD 8, is con-
verted into the digital data by the A/D converter 9, and
is stored in a predetermined storage area (frame mem-
ory) in the memory 11 via the bus 10 (step S39).
[0166] The image data stored in the frame memoty is
classified every primary color, and is stored in the pre-
determined storage area (second, fourth, and sixth
memories) in the memory 11 (step S40).

[0167] Then, the second LED 6b, fourth LED 6d, and
sixth LED 6f are lit-off (step S41) and thus the capturing
operation of the images of the frame (N+1) ends.
[0168] Although not shown, the image capturing tim-
ing of the LEDs and the CCD is not limited to this and,
identically, the LEDs may be lit-on after starting captur-
ing the image by the image pick-up device and the op-
eration for capturing the image by the image pick-up de-
vice may end after the light-off operation of the LED.
[0169] The images of the primary colors stored in the
first to sixth memories in steps S35 to S40 are subjected
to the interpolation in the photographing apparatus 1 or
the processing apparatus 2 if necessary because of the
lack of a pixel in accordance with the alignment of the
primary colors in the color filter array 19.

[0170] The 6-band subject spectroscopic images
stored in the memory 11 are sent to the processing ap-
paratus 2 and are subjected to the color reproduction
and image processing by a processing program. The
processing result is displayed on the display 22 by an-
other processing program or is transferred to the pho-
tographing apparatus 1 and is displayed on the LCD
monitor 16.

[0171] Next, a description is given of the operation of
the capturing mode of the monitoring image with refer-
ence to Figs. 25, 28, and 29. Fig. 25 is a graph showing
the spectroscopic characteristics of the frames upon
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creating the monitoring image. Fig. 28 is a flowchart
showing the operations for light emission of the LEDs
upon capturing the monitoring image and for image cap-
turing by the image pick-up device. Fig. 29 is a timing
chart showing states of the operations or light emission
of the LEDs upon capturing the monitoring image and
for image capturing by the image pick-up device.
[0172] Similarly to the first and second embodiments,
according to the third embodiment, the general RGB im-
ages are assumed and the primary colors for light emis-
sion are selected so that the first LED 6a and the second
LED 6b correspond to the blue (B), the third LED 6¢ and
the fourth LED 6d correspond to the green (G), and the
fifth LED 6e and the sixth LED 6f correspond to the red
(R).

[0173] The power switch is turned on, thereby setting
the capturing mode of the monitoring image. Alternative-
ly, the capturing mode of the spectroscopic image ends,
thereby returning the mode to the capturing mode of the
monitoring image. Thus, the start for picking-up the
monitoring image is waited (step S51).

[0174] Promptly, the image pick-up operation starts
and all the first to sixth LEDs 6a to 6f are lit-on (refer to
Fig. 25) (step S52). After starting the light-on operation
of all the first to sixth LEDs 6a to 6f, the image pick-up
operation by the CCD 8 starts (refer to Fig. 29) (step
S53).

[0175] After ending the image pick-up operation by
the CCD 8, then, all the first to sixth LEDs 6a to 6f are
lit-off (step S54). The image data is read from the CCD
8, is converted into the digital data by the A/D converter
9, and is stored in the predetermined storage areas
(first, third, and fifth memories) in the memory 11 via the
bus 10 (step S55).

[0176] During setting the capturing mode of the mon-
itoring image, the processing returns to step S51, the
above-menticned operations are repeated, and thus the
moving image is captured.

[0177] The thus-obtained image is converted into the
monitoring image data, and is displayed on the LCD
monitor 16 via the monitor I/F 15. In this case, the mon-
itoring image is displayed on the display 22 in the
processing apparatus 2.

[0178] Inthe timing chart shown in Fig. 29, the power
consumption is reduced by lighting-on and lighting-off
the first to sixth LEDs 6a to 6f every image pick-up op-
eration performed by the CCD 8. During setting the cap-
turing mode of the monitoring image, the first to sixth
LEDs 6a to 6f may be continuously lit-on.

[0179] Although not shown, the image capturing tim-
ing of the LEDs and the CCD is not limited to this and,
identically, the LEDs may be lit-on after starting captur-
ing the image by the image pick-up device and the op-
eration for capturing the image by the image pick-up de-
vice may end after the light-off operation of the LEDs.
[0180] According to another method for capturing the
monitoring image, the continuous capturing mode of the
6-band spectroscopic images enables the creation of



29 EP 1 528 380 A1 30

the monitoring image by addition of memories of the first
and second bands of the 6-band spectroscopic images,
addition of memories of the third and fourth bands, and
addition of memories of the fifth and sixth bands. In this
case, the monitoring image is created only by addition
of memories without changing the algorithm of the pho-
tographing portion. This is advantageous as a monitor-
ing method upon measuring the continuous spectro-
scopic images.

[0181] Next, Figs. 30 to 36 relate to modifications of
the third embodiment. Fig. 30 is a graph showing the
light-emitting spectrums of the LEDs and the spectro-
scopic sensitivity characteristics of the CCD passed
through a color filter array, upon creating the 8-band
spectroscopic images.

[0182] According to one modification of the third em-
bodiment, the LED is arranged with the light-emitting
spectroscopic characteristics between the RGB bands
detected by the CCD 8 via the colorfilter array 19. Thus,
although the LEDs only emit the light of the six primary
colors (6 bands), it is detected that the 8 band signals
are outputted.

[0183] Referring to Fig. 30(A), with respect to the
curves fSB, fSG, and fSR indicating the total spectro-
scopic sensitivity characteristics obtained by the trans-
mittance distribution of the color filter array 19 and the
light-receiving sensitivity distribution of the CCD 8, the
spectroscopic characteristics of the light emission of the
first to sixth LEDs 6a to 6f are as follows (shown by
curves fL1' to fL6").

[0184] The curve fSB indicating the spectroscopic
band area corresponding to the blue color filter includes
the two curves fL1' and fL2', and further includes a part
of the curve fL3".

[0185] The curve fSG indicating the spectroscopic
band area corresponding to the green color filter in-
cludes the curve fL4', and further includes a part of the
curve fL3' and a part of the fL5'.

[0186] The curve fSR indicating the spectroscopic
band area corresponding to the red color filter includes
the curve L&' and further includes a part of the curve
fL5".

[0187] As aconsequence, the spectroscopic charac-
teristics (curve fL3') of the light emission from the third
LED 6c exist between the band through the blue color
filter and the band through the green color filter. The
spectroscopic characteristics (curve fL5") of the light
emission from the fifth LED 6e exist between the band
through the green color filter and the band through the
red color filter.

[0188] With the above-mentioned configuration, re-
ferring to Fig. 30(B), the total spectroscopic sensitivity
characteristics upon receiving the light emitted from the
first to sixth LEDs 6a to 6f by the CCD 8 via the input
button unit 19 is 8 bands including a curve fSL1" (formed
by the curves fL1' and fSB), a curve fSL2' (formed by
the curves fL2' and fSB), a curve fSL3' (formed by the
curves fL3' and the curve fSB), a curve fSL4' (formed by
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the curves fL3' and fSG), a curve fSL5' (formed by the
curves fL4' and fSG), a curve fSL6' (formed by the
curves fL5' and fSG), a curve fSL7' (formed by the
curves fL5' and fSR), and a curve fSL8' (formed by the
curves fL6' and fSR).

[0189] Next, the operation for capturing the 8-band
spectroscopic image will be described with reference to
Figs. 31 to 33. Fig. 31 is a graph showing the spectro-
scopic characteristics of the spectroscopic images of
frames, upon creating the 8-band spectroscopic imag-
es. Fig. 32 is a flowchart showing the operation for light
emission of the LEDs and for image capturing by the
image pick-up device, upon capturing the 8-band spec-
troscopic images. Fig. 33 is a timing chart showing a
state of the operations for light emission of the LEDs
and for image capturing by the image pick-up device,
upon capturing the 8-band spectroscopic images.
[0190] According to another modification of the third
embodiment, the storage areas including first to eighth
memories are arranged in the photographing apparatus
1 to pick-up the 8-band spectroscopic images.

[0191] The photographing button 14a is pressed and
thus the mode is switched to the capturing mode of the
spectroscopic image. Then, it is determined whether or
not the image pick-up operation of the spectroscopic im-
age starts (step S61).

[0192] The image pick-up operation of the spectro-
scopic image starts. Then, referring to Fig. 31(A), the
operation for capturing the image of the frame N starts.
The first LED 6a and the fourth LED 6d are simultane-
ously lit-on (step S62). After starting the light-on opera-
tion, the image pick-up operation of the CCD 8 starts
(refer to Fig. 33) (step S63).

[0193] After the image pick-up operation of the CCD
8 ends, the first LED 6a and fourth LED 6d are lit-off
(step S64). The image data is read from the CCD 8, is
converted into the digital data by the A/D converter 9,
and is stored in predetermined storage areas (first and
second memories) in the memory 11 viathe bus 10 (step
S65). Thus, the operation for capturing the image of the
frame N ends (operation for capturing the image of the
2-band subject spectroscopic images ends).

[0194] Next, referring to Fig. 31(B), the operation for
capturing the image of the frame (N+1) starts, and the
second LED 6b and the fifth LED 6e are simultaneously
lit-on (step S66). After starting the light-on operation, the
image pick-up operation by the CCD 8 starts (refer to
Fig. 33) (step S67).

[0195] After the image pick-up operation of the CCD
8 ends, the second LED 6b and fifth LED 6e are lit-off
(step S68). The image data is read fromthe CCD 8, and
is stored in predetermined storage areas (third, fourth,
and fifth memories) in the memory 11 (step S69). Thus,
the operation for capturing the image of the frame (N+1)
ends (operation for capturing the image of the 3-band
subject spectroscopic images ends).

[0196] Further, referring to Fig. 31(C), the operation
for capturing the image of the frame (N+2) starts, and
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the third LED 6¢ and the sixth LED 6f are simultaneously
lit-on (step S70). After starting the light-on operation, the
image pick-up operation by the CCD 8 starts (refer to
Fig. 33) (step S71).

[0197] After the image pick-up operation of the CCD
8 ends, the third LED 6¢ and sixth LED 6f are lit-off (step
S72). The image data is read from the CCD 8, and is
stored in predetermined storage areas (sixth, seventh,
and eighth memories) in the memory 11 (step S73).
Thus, the operation for capturing the image of the frame
(N+2) ends (operation for capturing the image of the
3-band subject spectroscopic images ends).

[0198] Upon continuously capturing the spectroscop-
ic images like the moving image, the operation from the
frame N to the frame (N+2) is repeated.

[0199] Although not shown, the image capturing tim-
ings of the LEDs and the CCD are not limited to the fore-
going. Identically, the LEDs are lit-on after starting cap-
turing the image by the image pick-up device and the
image capturing by the image pick-up device ends after
the light-off operation of the LEDs.

[0200] The 6-band subject spectroscopic images
stored in the memory 11 are sent to the processing ap-
paratus 2 and are subjected to the color reproduction
and image processing by a processing program. The
processing result is displayed on the display 22 by an-
other processing program or is transferred to the pho-
tographing apparatus 1 and is displayed on the LCD
monitor 16.

[0201] Next, a description is given of the operation of
the capturing mode of the monitoring image with refer-
ence to Figs. 34 to 36. Fig. 34 is a graph showing the
spectroscopic characteristics of the spectroscopic im-
ages of the frames, upon creating the monitoring image.
Fig. 35 is a flowchart showing the operations for light
emission of the LEDs and for image capturing by the
image pick-up device, upon capturing the monitoring im-
age. Fig. 36 is a timing chart showing the state of the
operations for light emission of the LEDs and for image
capturing by the image pick-up device, upon capturing
the monitoring image.

[0202] The power switch is turned on, thereby setting
the capturing mode of the monitoring image. Alternative-
ly, the capturing mode of the spectroscopic image ends,
thereby returning the mode to the capturing mode of the
monitoring image. Thus, the start for picking-up the
monitoring image is waited (step S81).

[0203] Promptly, the image pick-up operation starts
and all the first to sixth LEDs 6a to 6f are lit-on (refer to
Fig. 34) (step S82). After starting the light-on operation
of all the first to sixth LEDs 6a to 6f, the image pick-up
operation by the CCD 8 starts (refer to Fig. 36) (step
S83).

[0204] After ending the image pick-up operation by
the CCD 8, then, all the first to sixth LEDs 6a to 6f are
lit-off (step S84). The image data is read from the CCD
8, is converted into the digital data by the A/D converter
9, and is stored in a predetermined storage area in the
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memory 11 via the bus 10 (step S85).

[0205] Herein, the first to sixth LEDs 6a to 6f are lit-
on and are lit-off every image pick-up operation by the
CCD 8, thereby reducing the power consumption. How-
evet, similarly to the description with reference to Fig.
29, the first to sixth LEDs 6a to 6f may be continuously
lit-on during setting the capturing mode of the monitoring
image.

[0206] Although not shown, the image capturing tim-
ings of the LEDs and the CCD are not limited to the fore-
going. ldentically, the LEDs are lit-on after starting cap-
turing the image by the image pick-up device and the
image capturing by the image pick-up device ends after
the light-off operation of the LEDs.

[0207] Until resetting the capturing mode of the mon-
itoring image, the processing returns to step S81, then
the above-mentioned operation is repeated, and the im-
age data for moving image is continuously captured.
[0208] The captured images are converted into the
monitoring image data, and are displayed on the LCD
monitor 16 via the monitor I/F 15. In this case, by the
setting, the monitoring image is displayed on the display
22 of the processing apparatus 2.

[0209] Asmentioned above using an example, the im-
age pick-up device is a simple-plate image pick-up de-
vice which is formed by the combination with the 3-band
color filter array. However, the present invention is not
limited to this and may be a three-plate 3-band image
pick-up device comprising a spectroscopic unit, such as
a spectroscopic mirror or spectroscopic prism, which
performs the spectroscopy of the incident light into a plu-
rality of wavelengths, and a plurality of image pick-up
devices which pick-up the image of the light of the plu-
rality of wavelength bands which are divided by the
spectroscopic unit. Alternatively, the image pick-up de-
vices may be a two-plate image pick-up device. Further,
the color filter is not limited to a primary color system
filter of three RGB bands and may be a complementary
color system filter.

[0210] The 8-band subject spectroscopic image data
is captured from the LEDs of the 6-band light-emitting
spectrums. However, the presentinvention is not limited
to this. Arbitrary subject spectroscopic image data may
be captured by the combination. For example, the light
source may be only the third LED and the fifth LED,
namely, 2-band light source. In the case of the light
source having the 2 bands, as shown by the curves
fSL3', fSL4', fSL6' and fSL7', the 4-band subject spec-
troscopic images are captured. In addition, the light
source may be used by various combination.

[0211] According to the third embodiment, the same
advantages as those first and second embodiments are
obtained. Further, the use of the color image pick-up de-
vice reduces the number of image pick-up times neces-
sary for capturing the subject spectroscopic image, and
the moving image is easily color-reproduced at the high
fidelity level.

[0212] Further, the light-emitting spectrums of the
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LEDs exist over the spectroscopic sensitivity distribu-
tions of the light received by the colorimage pick-up de-
vice. Thus, the 8-band subject spectroscopic image da-
ta is captured by using the LEDs of the 6-band light-
emitting spectrum.

[0213] Figs. 37 to 42 relate to the fourth embodiment
of the present invention. Fig. 37 is a block diagram
showing the configuration of an image processing sys-
tem. According to the fourth embodiment, the same
components as those according to the first to third em-
bodiments are designated by the same reference nu-
merals, a description thereof is omitted, and mainly dif-
ferent portions are described.

[0214] The fourth embodiment uses the basic config-
uration according to the third embodiment. Further, ac-
cording to the fourth embodiment, the image processing
system comprises a spectrum sensor.

[0215] Referring to Fig. 37, the photographing appa-
ratus 1 in the image processing system comprises: a
spectrum sensor 41 which senses the light spectrum
distribution; a probe 42 which guides the sensed light to
the spectrum sensor 41; a sensor I/F 43 which converts
an output from the spectrum sensor 41 into a digital sig-
nal, processes it, and outputs it; a subject characteristic
memory 44 which stores the subject characteristic; and
a camera characteristic memory 45 which stores cam-
era characteristic, in addition to the configuration ac-
cording to the third embodiment shown in Fig. 21.
[0216] The spectrum sensor41 senses only the spec-
trum, not capturing the light as the image, different from
the configuration for capturing the 6-band spectroscopic
image by the CCD 8 with the first to sixth LEDs 6a to 6f.
[0217] The spectrum sensor 41 covers the entire
range of the visible light serving as the light sensing
range (380 nm to 800 nm), sensors the spectrum by a
grating method with a resolution of 5 nm. Thus, the spe-
cific spectrum data can be captured. Although the grat-
ing-method spectrum sensor is used as an example, the
spectrum sensor 41 may be another.

[0218] The probe 42 uses a flexible optical fiber (or
optical fiber bundle). However, the probe 42 is not lim-
ited to this and any probe for guiding the sensed light
can be widely used.

[0219] With the above-mentioned configuration, the
optical spectrum can be sensed by sensing the light
from the subject. In the meantime, a standard white
board is used in place of the subject, thereby measuring
the spectrum characteristic of the illuminating light.
[0220] Specifically, externalilluminating lightis shield-
ed by using the abutting portion 4 or the like and the
spectrum is sensed by sequentially emitting the light of
the first to sixth LEDs 6a to 6f. Thus, the spectrum char-
acteristics of the first to sixth LEDs 6a to 6f are estimat-
ed. The degradation of the light-emitting device and the
change in spectrum characteristics due to the eviron-
mental change of the temperature are sensed. Further,
since the profile of the illuminating spectrum which re-
flects the characteristic change, the color is accurately
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reproduced at the high fidelity level.

[0221] Further, the ambient illuminating light is
sensed and the spectrum characteristics of the exterior
lighting are measured.

[0222] Next, Fig. 38 is a diagram showing one exam-
ple of a state of using the image processing system hav-
ing a plurality of spectrum sensors.

[0223] Referring to Fig. 38, the specific arrangement
of the spectrum sensor is shown. Here, two spectrum
sensors, namely, a first spectrum sensor 47 and a sec-
ond spectrum sensor 46 are used.

[0224] The first spectrum sensor 47 is arranged to
sense the spectroscopic spectrum of the subject por-
tion, and the tip of an optical fiber 49 serving as a probe
is arranged at the incident position of the subject light
via the projecting port 5a of the casing 5, near the first
to sixth LEDs 6a to 6f.

[0225] Asmentioned above, the first spectrum sensor
47 has the standard white board arranged, in place of
the subject, thereby being used to sense the illuminating
spectrums of the first to sixth LEDs 6a to 6f. Further, the
tip of the first spectrum sensor 47 has a lens or the like
as will be described later, thereby directly capturing
spectroscopic reflecting spectrums of a spot (specific
portion) of the subject.

[0226] Thus, the spectrum data such as the painting
color of a vehicle, painting color of the building, spectro-
scopic characteristics of food, or dyeing of the cloths is
directly obtained and is used as data for examination
and confirmation.

[0227] The second spectrum sensor 46 is arrangedto
sense the illuminating light spectrum of the environment
under which the subject is placed. The tip of an optical
fiber 48 as a probe is exposed to the outer surface of
the casing 5. Further, an integrating sphere 48c which
is white and semi-transparent covers the tip of the opti-
cal fiber 48. The use of the second spectrum sensor 46
enables the capturing of the illuminating spectrums up-
on photographing the subject apart from the photo-
graphing apparatus 1 only with sunlight or room light.
Thus, simultaneously with the photographing operation
of the subject image, the profile of the illuminating spec-
trum of the ambient illuminating light in this case can be
created. Therefore, if the ambient illuminating light
changes, in accordance therewith, the color is automat-
ically reproduced at the high fidelity level in real time.
[0228] Further, the spectrum of ambient light of the
photographing apparatus 1 is sensed and is compared
with the spectrums of the LEDs included in the photo-
graphing apparatus 1. Thus, the ambient light and the
LED light are adaptively switched for the image pick-up
operation. For example, the ambient light is used upon
picking-up the moving images of RGB. In this case, the
power consumption is reduced by not emitting the light
of the LED in the photographing apparatus 1.

[0229] Fig. 39is a sectional view showing an example
configuration of the spectrum sensor 41.

[0230] Inthe probe 42, the light is incident on an inci-
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dent end 42a, and the light is outputted from an output
end 42b.

[0231] The spectrumsensor41 comprises: abox41a;
an incident-light slit41b which is arranged as an opening
at one end of the box 41a and on which the light is out-
putted from the output end 42b of the probe 42 serving
as slit light; a grating 41¢ which is arranged in the box
41a, performs the stereoscopy of the slit light incident
from the incident-light slit 41b in accordance with the
wavelength, and reflects in the different directions and
collects the light; and a photodiode array 41d which is
attached to the box 41a, receives the light collected at
positions varied depending on the wavelengths by the
grating 41¢, and outputs a signal in accordance with the
strength of the received light.

[0232] Thus, the photodiode array 41d photoelectri-
cally converts the light with the wavelengths varied de-
pending on the light receiving positions, and outputs the
signal in accordance with the strength.

[0233] The sensor 43 comprises an A/D converter
43a which converts an analog signal outputted from the
photodicde array 41d into a digital signal. The digital sig-
nal after the conversion is outputted to the CPU 18 or
the like via the bus 10. The CPU 18 receives the digital
signal as spectrum information indicating the strength
of the wavelength, and analyzes the information.
[0234] Fig. 40 is a sectional view showing a state of
an incident end 49a of the optical fiber 49 connected to
the first spectrum sensor 47. Referring to Fig. 40, the
image pick-up optical system 7 and the like are not
shown.

[0235] The lightfrom an angle range is incident on the
incident end 49a of the optical fiber 49. In the example
shown in Fig. 40, the reflecting light from the subject sur-
face serving as the photographing target, incident via
the projecting port 5a of the casing 5, reaches the inci-
dent end 49a.

[0236] With the configuration shown in Fig. 40, the
standard white board is used as the subject, the spec-
trums of the LED illumination are sensed and informa-
tion on the color change due to the aging change is ob-
tained.

[0237] Fig. 41 is a sectional view showing an example
configuration of arranging an optical system 49¢ for sen-
sor near the incident end 49a of the optical fiber 49 con-
nected to the spectrum sensor 47. Referring to Fig. 41,
the image pick-up optical system 7 and the like are not
shown.

[0238] Referringto Fig. 41, the optical system 49c¢ for
sensor comprising a lens and the like are arranged to
the incident end 49a of the optical fiber 49 connected to
the first spectrum sensor 47. Therefore, beams incident
on the incident end 49a are limited to the light from a
range of the subject. As mentioned above, the spectrum
at the specific position of the subject is measured with
the resolution of the high wavelength.

[0239] Fig. 42 is a sectional view showing a state of
an incident end 48a of the optical fiber 48 connected to
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the second spectrum sensor 46 arranged for capturing
the ambient light. Referring to Fig. 42, the image pick-
up optical system 7 and the like are not shown.

[0240] As mentioned above, the incident end 48a of
the optical fiber 48 for input is exposed to the outer sur-
face of the casing 5 and has the integrating sphere 48¢c
which is white and is semi-transparent to surround the
incident end 48a.

[0241] With the above-mentioned configuration, the
ambient illuminating light is iluminated to the integrating
sphere 48c¢, thus, the light is diffused and passed, and
the light is incident on the incident end 48a of the optical
fiber 48. The incident light is transmitted by the optical
fiber 48 and the spectrums are measured by the second
spectrum sensor 46.

[0242] According tothe fourth embodiment, the same
advantages as those according to the first to third em-
bodiments are obtained. The specirum sensor is ar-
ranged. Thus, the spectrum distribution of the subject
light is obtained, the spectrum distribution of the LEDs
is obtained, and the color is accurately reproduced in
real time.

[0243] The use of the optical system for sensor ena-
bles the spectrum distribution of the specific portion of
the subjectto be obtained. As mentioned above, the op-
tical system for sensor has the resolution of 5 nm. There-
fore, it is possible to obtain the specific spectrum data
of the specific portion of the subject and the detailed di-
agnosis or determination is performed by the obtained
data.

[0244] Further, the profile of the illuminating spectrum
of the ambient illuminating light is obtained in real time
because the spectrum of the ambient illuminating light
can be sensed.

[0245] Next, a description is given of an image
processing system according to a fifth embodiment of
the present invention.

[0246] Fig. 43 is a diagram showing the system con-
figuration of an image processing system for dentistry
according to the fifth embodiment of the present inven-
tion. Fig. 44 is a block diagram showing the configura-
tion of a photographing apparatus in the image process-
ing system for dentistry.

[0247] An image processing system 50 for dentistry
according to the fifth embodiment captures the spectro-
scopic image information of the tooth of the patient 59
upon creatingthe false tooth and animplant, reproduces
the color at high fidelity level, and exchange the spec-
troscopic image information with a dentistry factory 55
via the network 3, thereby performing the whitening
processing as the dental esthetics.

[0248] Referringto Fig. 43, the image processing sys-
tem 50 for dentistry comprises: a photographing appa-
ratus (hand held multi-spectrum scope, abbreviated to
an HMSC) 1A; aprocessing apparatus 2A serving as an
image processing unit, which has an image memory and
calculates and manages the image data captured by the
photographing apparatus 1A; a touch-panel input oper-
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ating device 53 for camera photographing operation; a
calibration monitor 54 for displaying the color reproduc-
ing state; the network 3 for connecting the processing
apparatus 2A to a dentistry factory (communication de-
vice) 55; and a database 56 for calculating a ceramic
compounding ratio provided for the dentistry factory 55.
[0249] Inthe photographing apparatus 1A, a plurality
of LEDs 6X with different spectroscopic distribution
characteristics are light sources, and the subject image
(tooth image of the patient 59 in this case) illuminated
by the light sources is captured via the image pick-up
optical system 7. Then, the CCD 8 serving as the image
pick-up device converts the captured subjectimage into
an image pick-up signal, and is stored in the memory 11
as the image data. The image data is transferred to the
image memory in the processing apparatus 2A via the
external I/F 17. The photographing apparatus 1A has
the same configuration as that of the photographing ap-
paratus 1 (shown in Figs. 1,17, 21, and 37) inthe image
processing system according to the first to fourth em-
bodiments. Referring to Fig. 44, the same components
are designated by the same reference numerals.
[0250] Referring to Fig. 44, the processing apparatus
2A serving as the image processing unit comprises the
calculating device 21 and the display 22 applied in the
image processing unit 2 of the image processing system
according to the first embodiment and a filing system 23
for dentistry.

[0251] The calculating device 21 performs the color
reproduction calculating processing of the subject and
the image determining and calculating processing
(quantitative determination) based on the spectroscopic
image data and the like captured by the photographing
apparatus 1A. The image determining and calculating
processing performs, for example, determiningthe tooth
whitening level and tooth tone, the correlation and the
entropy analysis between the crista cutis and the sulcus
cutis on the skin surface. The calculating device 21 has
the same configuration and functions asthose ofthe cal-
culating device 21 in the processing apparatus 2A in the
image processing system according to the first embod-
iment.

[0252] The filing system 23 for dentistry is a system
for data filing of the calculating results of the numetrical
value management before/after the whitening of the pa-
tienttooth, whitening frequency, and false tooth ceramic
composition, and includes image filing software. A pre-
determined memory portion in the filing system 23
records and captures, into predetermined pottions of the
image filing software, the image data photographed by
the photographing apparatus 1 with the operation of the
operating switch 14.

[0253] Next, a description is given of the processing
operation of the image processing system 50 for den-
tistry according to the fifth embodiment of the present
invention.

[0254] In the dentist, upon creating the false tooth
matching the tooth color of the patient 59 in the image
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processing system 50 for dentistry, the tone or whitening
of the tooth of the patient 59 is measured. The jaw por-
tion of the patient 59 is placed on a fixing table 58 and
the head is fixed. The fixing table 58 has a photograph-
ing apparatus 51 attached. The abutting portion 4 hav-
ing the shading property of the disposable material is
abutted to the mouth of the patient 59 and the periphery
of the tooth into which the false tooth in the mouth is
inputted is set to a photographing state for the photo-
graphing apparatus 1. As mentioned above, the photo-
graphing apparatus 51 is fixed, thereby preventing the
deviation of the subject position upon photographing.
[0255] By operating the touch-panel input operating
device 53, a light-emitting mode of the LEDs 6X in the
photographing apparatus 1 is selected and is designat-
ed. The light-emitting mode includes, for example, a
mode for sequentially lighting-on each of the LEDs 6X
forthe single primary color, amode for selectingthe LED
and lighting-on it, and a mode for simultaneously light-
ing-on all the LEDs and the like. The light-emitting
modes designate the spectroscopic image capturing
mode, the monitoring image capturing mode, or the
number of spectroscopic bands in the spectroscopic im-
age capturing mode.

[0256] After that, the light-on operation of the LEDs
6X starts by operating the input operating device 53.
This operation is performed by the operating switch 14
in the photographing apparatus 1.

[0257] When the spectroscopic image capturing
mode is selected, the subject image signal of the tooth
of the patient 59 is captured by lighting-on the LEDs 6X
via the CCD 8, and is stored in the memory 11 as the
spectroscopic image data. The spectroscopic image da-
ta is transferred to the processing apparatus 2, and the
color-reproduction calculating unit 33 (refer to Fig. 12)
performs the XYZ estimation and calculation. Theimage
in which the color is reproduced at high fidelity level of
the tooth of the patient 59 is displayed on the display 22
or the calibration monitor 54.

[0258] Whenthe capturingmode of the monitoring im-
age is selected, the normal display image is displayed
on the display 22. The spectroscopic image capturing
mode and the monitoring image capturing mode are ex-
changed by the input operating device 53.

[0259] Further, the image determining and calculating
unit 34 (refer to Fig. 13) in the processing apparatus 2A
calculates for determining the spectroscopic image data
based on the spectroscopic image data, thereby obtain-
ing the grade data on the tone of the color of the tooth
of the patient 59. The grade data is used forthe shading
guide for comparing the tone of the tooth color, and the
value of the grade data is displayed on the calibration
monitor 54. The processing apparatus 2A calculates us-
ing the grade data for ceramic compound of the false
tooth and obtains the data false-tooth ceramic com-
pound.

[0260] Examining data as the grade data on the tooth
colortone, the color reproducing image data on the tooth
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of the patient 59, and the false-tooth ceramic composi-
tion data are transferred to a computer unit in the den-
tistry factory 55 via the network 3.

[0261] In the dentistry factory 55, a specific ceramic
composition rate is searched from the database 56 for
calculating the ceramic compounding ratio based on the
examining data and the false-tooth ceramic composition
data. The false tooth is created based con the ceramic
composition rate. The created false tooth is sent to the
dentist, and is further sent to the patient 59.

[0262] Inthe curing processing, the data on the tooth
color and the color reproducing image are displayed on
the calibration monitor 54 via the input operating device
53 with respectto the patient 59, and the curing process-
ing is displayed with respect to the patient 59 and the
acceptation by the patient 59 is obtained.

[0263] The image processing system 50 for dentistry
is applied not only to the creation of the false tooth of
the patient 59 but also to the whitening curing of the
tooth. That s, the tooth of the patient 59 before/after the
whitening processing is photographed by the photo-
graphing apparatus 1A and the above-mentioned image
calculating processing is executed. Thus, the color re-
producing image data indicating the whitening result
and the grade data on the tooth color are obtained. The
numeric data before/after the whitening curing is dis-
played on the calibration monitor 54, and the curing for
the patient 59 in the informed consent is possible. Fur-
ther, it is possible to visually check the change, due to
the aging change and whitening frequency, in the color
reproducing image data and the grade data in the curing
processing. The data in the curing processing is stored.
[0264] Inthe image processing system 50 for dentist-
ry according to the fifth embodiment, the color reproduc-
ing image data at high fidelity level and the grade data
obtained by the processing apparatus 2A are not influ-
enced from the normal room light and, therefore, there
is no individual difference without the influence of the
ambient light, unlike the comparison data using the con-
ventional shading guide. Further, the using camera and
film don't influence the color reproducing image and
grading data. Furthermore, since the calibration monitor
54 observesthe curing process, the curing of the patient
59 in the informed consent is possible.

[0265] The touch-panel input operating device 53 is
used, and the abutting portion 4 attached to the tip of
the photographing portion in the photographing appara-
tus 1A is disposable. Thus, the hospital infection is pre-
vented.

[0266] The image processing system 50 for dentistry
is applied to another field of the dentistry. In the case of
applying the image processing system 50 for dentistry
to the dermatology, the skin during the curing is photo-
graphed, the image reproducing image data is precisely
obtained, and the change in skin is recorded without the
variation due to the illumination. Further, in the case of
applying the image processing system 50 for dentistry
to the skin diagnosis system, the skin color is accurately
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reproduced under the normal standard illumination and
the skin is reproduced under the specific illumination.
[0267] Next, a description is given of an image
processing system according to a sixth embodiment of
the present invention with reference to Figs. 45 to 48.
[0268] Fig. 45 is a diagram showing the configuration
of the image processing system according to the sixth
embodiment. Fig. 46 is a block diagram showing the
configuration of the image processing system. Figs. 47
and 48 are flowcharts of the photographing processing
in the photographing apparatus of the image processing
system, Fig. 47 is the flowchart for a photographing wait-
ing routine, and Fig. 48 is the flowchartfor a photograph-
ing routine.

[0269] Referring to Figs. 45 and 46, the image
processing system according to the sixth embodiment
is an image capturing unit, and comprises: a photo-
graphing apparatus 1B which photographs an image
with the illuminating light of LED or the illuminating light
of strobe; and a processing apparatus 2B, serving as
the image processing unit, having an image memory,
which obtains the color reproducing image data at high
fidelity level from the spectroscopic image signal ob-
tained by the photographing of the photographing appa-
ratus 1B.

[0270] The photographing apparatus 1B has the
same configuration and functions as those of the pho-
tographing apparatus 1 (refer to Fig. 38) having the color
CCD andthe sensor of the illuminating light in the image
processing system according to the fourth embodiment.
Further, a strobe light-emitting device 65 serving as an
external strobe device is attached to the photographing
apparatus 1B. Referring to Fig. 46, the same reference
numerals in the photographing apparatus 1B as those
in the photographing apparatus 1 denote the same com-
ponents.

[0271] The processing apparatus 2B has the same
configuration and functions as those of the processing
apparatus 2 in the image processing system according
to the fourth embodiment.

[0272] Inthe photographing apparatus 1B, the image
of the close subject is photographed with the built-in
LED illumination. When the distance to the subject is
several cmto several m, the illuminating light of the built-
in LED does not reach the subject. In this case, the
strobe light-emitting device 65 is attached to the photo-
graphing apparatus 1B, then, a strobe light-emitting
tube emits the light, and the photographing operation is
performed.

[0273] The strobe light-emitting device 65 is attached
in front of the casing 5 forming the device main body of
the photographing apparatus 1B. However, when the
strobe light-emitting device 65 is not attachedto the pho-
tographing apparatus 1B, the integrating sphere 48¢ is
externally exposed and therefore the second spectrum
sensor 46 in the photographing apparatus 1B senses
the spectrums of the ambient light. Further, when the
strobe light-emitting device 65 is attached to the photo-
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graphing apparatus 1B, the strobe light is partly guided
to the integrating sphere 48c and therefore the second
spectrum sensor 46 senses the spectrums of the strobe
light.

[0274] Referring to Fig. 46, the strobe light-emitting
device 65 comprises an attaching portion 65a which is
detachably attached to the front portion of the casing 5
inthe photographing apparatus 1B, a reflecting umbrella
63, a ring strobe light-emitting tube 62, a strobe light-
emitting circuit (not shown) having a capacitor for light-
emitting charge, and a connecting cable 64 for electri-
cally connecting (power and control signal) the photo-
graphing apparatus 1B to the strobe light-emitting cir-
cuit.

[0275] After attaching the strobe light-emitting device
65, the photographing apparatus 1B is electrically con-
nected to the strobe light-emitting device 65 by the con-
necting cable 64 via a connector. In addition, an elec-
trode portion for connection is arranged to the attaching
portion of the strobe device, and the electrode portion
may be automatically connected, upon attaching the
strobe light-emitting device 65 to the casing 5.

[0276] The CPU 18 on the photographing apparatus
1B side recognizes, via the camera control I/F 12, the
electric connection using the connecting cable 64 or the
electric connection as a result of attaching the strobe
light-emitting device 65 to the casing 5, and a strobe
identification code is sensed. The strobe identification
code enables the update of the system configuration of
the photographing apparatus that is currently stored.
[0277] The rearside of the reflecting umbrellais partly
opened and thus a light guiding path 66 for guiding the
strobe light to the back is formed. In the light emission
of the strobe, the strobe light partly passes through the
light guiding path 66, is incident on the integrating
sphere 48c serving as a sensing portion arranged to the
tip of the flash 48 of the spectrum sensor 46, and the
spectrum sensor 46 senses the spectrum components
of the strobe light.

[0278] Next, a description is given of the photograph-
ing processing operation of the photographing appara-
tus 1B with the above configuration according to the
sixth embodiment with reference to the flowcharts
shown in Figs. 47 and 48.

[0279] Upon capturing the spectroscopic image data
of the subject by the photographing apparatus 1B, a
power switch of the photographing apparatus 1B is
turned on. As a result of turning on the power switch,
the photographing preparing processing routine shown
in Fig. 47 starts under the control of the CPU 18.
[0280] In step S101,the CPU 18 fetches system con-
figuration data. In step S102, a parameter is set (initial-
ized). In step S103, it is checked whether or not the
strobe light-emitting device 65 is attached to the photo-
graphing apparatus 1B. When the strobe is not attached
to the photographing apparatus 1B, the processing
jumps to step S106. However, when the strobe is at-
tached, the processing advances to step S104.
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[0281] In step S104, the power is supplied to the
strobe light-emitting circuit, thereby starting the charge
of the capacitor for charge of light emission. In step
S105, itis confirmed thatthe charge is completed. Then,
the processing advances to step S106 whereupon the
end of photographing preparation is displayed on the
LCD monitor 16. In step S107, the LCD monitor 16 is
set to a live screen display state and waits.

[0282] A photographing person presses the photo-
graphing button 14a of the photographing apparatus 1B,
then, an instructing signal of the photographing start is
inputted. Thus, the photographing processing routine
shown in Fig. 48 starts under the control of the CPU 18.
[0283] In step S111, it is checked whether or not the
strobe is attached. When the strobe is not attached, the
processing jumps to step S116. When the strobe is at-
tached, the processing advances to step S112.

[0284] Instep S112,the exposure ofthe CCD 8 starts.
Further, in step S113, the light emission of the strobe of
the strobe light-emitting device 65 starts. In step S114,
the light emitted by the strobe partly passes through the
light guiding portion 66, and is captured from the inte-
grating sphere 48c¢ to the spectrum sensor 46. The spec-
troscopic spectrum data of the strobe emitted-light is ob-
tained. After predetermined exposure time, in step
S115, the exposure ends and the photographing
processing ends.

[0285] If the processing jumps to step S116, because
the strobe light-emitting device 65 is not attached, the
spectrum sensor 46 obtains the spectroscopic spectrum
data of the ambient light. In step S117,the LEDs 6X emit
the light in the desired light-emitting mode, and the ex-
posure of the CCD 8 starts. In step S118, the exposure
ends and then the photographing processing ends.
[0286] Although notshown in Fig. 46, the photograph-
ing apparatus 1B includes the spectrum sensor 47 as
shown in Fig. 38. The spectrum sensor 47 simultane-
ously obtains the spectroscopic spectrum data of the il-
luminating light of the LEDs 6X.

[0287] After ending the photographing processing,
the photographing image data captured in the memory
11 in the photographing apparatus 1B and the spectro-
scopic spectrum data of the illuminating light are trans-
ferred to the processing apparatus 2B via the external
I/F 17. Further, the spectroscopic spectrum data of the
illuminating light, the camera characteristic data, and
the subject communication data are added to the pho-
tographing image data, and the spectroscopic image
data is calculated and is obtained.

[0288] In the image processing system according to
the sixth embodiment, even when the distance to the
subject is relatively far and the light emitted by the LEDs
6X has insufficient luminance, the subject is photo-
graphed by attaching the strobe light-emitting device 65
to the photographing apparatus 1B. Further, the spec-
troscopic image data is calculated based on the spec-
troscopic spectrum data of the strobe light, which is ob-
tained every light emission of the strobe. Therefore, it is
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possible to reproduce the color at high fidelity level
based on the spectroscopic image data of which the var-
iation in light-emitting space is corrected and the varia-
tion in spectrums of the light emission of the strobe light-
emitting device 65 is corrected.

[0289] Next, a description is given of an image
processing system according to a seventh embodiment
of the present invention with reference to Figs. 49 to 52.
[0290] Fig. 49 is a block diagram showing the config-
uration of the image processing system according to the
seventh embodiment. Fig. 50(A) and Fig. 50(B) are di-
agrams showing the states of illuminating with the LED
light of colors the regular-reflection subject. Fig. 50(A)
is a diagram showing the arrangement of the subject
that regularly reflects when forming the image, the LEDs
of colors, and the CCD. Fig. 50(B) is a diagram showing
the image having a portion of regular reflection, whose
image is formed on the CCD. Fig. 51 is a diagram show-
ing the subject image having the portion of regular re-
flection being illuminated by the LEDs of colors on the
image forming surface of the CCD and the subject im-
age in which the portion of regular reflection is deleted
from the subject image by the photographing apparatus
in the image processing system. Fig. 52 is a flowchart
for processing for deleting the portion of regular reflec-
tion by the photographing apparatus.

[0291] Referringto Fig. 49, the image processing sys-
tem according to the seventh embodiment comprises: a
photographing apparatus 1C, serving as an image cap-
turing unit, which photographs the spectroscopic image
that is not influenced by the regular reflection; and a
processing apparatus 2C, serving as an image process-
ing unit, which has an image memory and obtains the
color reproducing image data at high fidelity level from
the subject spectroscopic image signal photographed
by the photographing apparatus 1C.

[0292] The processing apparatus 2C has the same
configuration and functions as those of the processing
apparatus 2 applied in the image processing system ac-
cording to the first embodiment, and may be a personal
computer.

[0293] Referring to Fig. 49, the photographing appa-
ratus 1C has the same configuration as that of the pho-
tographing apparatus 1 (refer to Figs. 1,17, 21, and 37)
in the image processing system according to the first to
fourth embodiments. However, in the photographing ap-
paratus 1C, the regular-reflection image data obtained
as mentioned later is processed. The same components
in the photographing apparatus 1C as those in the pho-
tographing apparatus 1 are designated by the same ref-
erence numerals.

[0294] In the photographing apparatus 1C, when a
subject 71 has a curved surface with gloss, which per-
forms regular reflection, the high-luminance portion
which performs regular reflection by the illuminating light
from the LEDs 6X is deleted from the image data, and
the image data without the regular-reflection pottion is
obtained by the combining processing. Hereinbelow, the
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image processing will be described.

[0295] Asanexample, when theilluminating lightfrom
different LEDs 6a1 to 6a4 arranged like a ring is irradi-
ated to the subject 71 which performs regular reflection,
the LEDs emit the light having the same wavelength.
The regular reflection is performed by the subject 71,
colored high-luminance points form an image at differ-
ent position on the image forming surface of the CCD 8.
That is, on an image Z in Fig. 50(B), high-luminance
points Pa, Pb, Pc, and Pd are generated, corresponding
to the LEDs 6a1, 6a2, 6a3, and 6a4.

[0296] In the photographing apparatus 1C, the high-
luminance points Pa, Pb, Pc, and Pd caused by the reg-
ular reflection are removed by the deletion of the portion
of regular reflection. The deletion will be described with
reference to Fig. 51. The regular-reflection image of the
subject 71 by the light emitted by the LED 6a1 is shown
by the high-luminance point Pa on a CCD image forming
surface Z1. Similarly, the regular-reflection image of the
subject 71 by the light emitted by the LEDs 6a2, 6a3,
and 6a4 are shown by the high-luminance points Pb,
Pc, and Pd on CCD image forming surfaces Z2, Z3, and
Z4. The remaining image data which is obtained by re-
moving the image data at the high-luminance points Pa,
Pb, Pc, and Pd is added or is averaged, thereby obtain-
ing the corrected spectroscopic image data (on a CCD
image forming surface Z0) of the subject 71 with no high-
luminance portion of the regular reflection.

[0297] The deletion of the regular-reflection portion
will be described with reference to the flowchart in Fig.
52. In step S131, the LED 6af1 is lit-on. In step S132,
the image data is obtained. Then, the LEDs 6a2, 6a3,
and 6a4 are sequentially lit-on in steps S133 to S138,
and the image data is obtained when the LEDs emit the
light. In step S139, the image data obtained by removing
the high luminance portion from the obtained image data
is created, thereby obtaining the spectroscopic image
data which is obtained by removing the regular-reflec-
tion portion. In the above-mentioned example, although
the number of LEDs serving as the light source is four,
the same processing is executed with another number
of LEDs.

[0298] In the photographing apparatus 1C in the im-
age processing system according to the seventh em-
bodiment, the subject 71 performs regular reflection of
the light and then the obtained image data is subjected
to the deletion of the regular reflection. Thus, the spec-
troscopic image data without the regular reflection is ob-
tained.

[0299] Next, a description is given of an image
processing system according to an eighth embodiment
with reference to Figs. 53 and 54.

[0300] Fig. 53 is a block diagram showing the image
processing system according to the eighth embodiment.
Fig. 54 is a diagram showing the light reflecting state of
the regular-reflection subject.

[0301] Referringto Fig. 53, the image processing sys-
tem according to the eighth embodiment comprises: a
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photographing apparatus 1D, serving as an image cap-
turing unit, which photographs the spectroscopic image
of the regular-reflection subject; and a processing ap-
paratus 2D, serving as an image processing unit, which
obtains the color reproducing image data at high fidelity
level from the spectroscopic image signal of the subject
which is photographed by the photographing apparatus
1D.

[0302] The processing apparatus 2D has the same
configuration and functions as those of the processing
apparatus 2 in the image processing system according
to the first embodiment, and may be a personal compu-
ter.

[0303] Referring to Fig. 53, the photographing appa-
ratus 1D has the same configuration as that of the pho-
tographing apparatus 1 (refer to Figs. 1,17, 21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, in order to cut-off the reg-
ular-reflection light, the photographing apparatus 1D
has a first polarizing plate 75 serving as reflected light
rejecting means which is rotatable in front of the LEDs
6X as the illuminating light sources and a second polar-
izing plate 76 serving as reflected light rejecting means
in front of the CCD 8.

[0304] The same components in the photographing
apparatus 1D are designated by the same reference nu-
merals.

[0305] In the case of obtaining the spectroscopic im-
age data, diffused and reflected light based on the spec-
troscopic reflecting rate of the subject surface is sensed
and the spectroscopic image data is obtained. However,
when the surface of the subject 71 has the surface sim-
ilarto the mirror, referring to Fig. 54, the illuminating light
emitted to the subject 71 from the LED 8a is reflected
as diffused and reflected light R1 and R3 (shown by
short arrows in Fig. 54) at points Qa and Qb of the sub-
ject surface. However, the illuminating light is partly re-
flected as regular-reflection light R2 and R4 (shown by
long arrow in Fig. 54). The regular-reflection light R2 and
R4 are reflected in the symmetrical direction of an inci-
dent angle of the illuminating light, and have the same
spectrums as those of the illuminating light. The com-
ponents of regular-reflection light R2 and R4 are larger
than those of the diffused and reflected light R1 and R3
and therefore becomes the obstacle of the measure-
ment of the spectroscopic reflectance of the subject.
The regular-reflection light R4 is not influenced from the
measurement because the reflecting direction is not in
that of the CCD 8 side. The regular-reflection light R2 is
transmitted through the image pick-up optical system 7
and is captured in the CCD 8, and a portion at the point
Qa is photographed at a high-luminance point. There-
fore, the spectroscopic image data is not properly ob-
tained unless the regular-reflection light component
caused depending on the surface state of the subject
71 is removed.

[0306] Then, the photographing apparatus 1D ac-
cording to the eighth embodiment comprises the first po-
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larizing plate 75 in front of the LEDs 6X and the second
polarizing plate 76 in front of the CCD 8. Thus, the reg-
ular-reflection light component is cut-off to prevent the
incident state on the CCD 8. That is, the first polarizing
plate 75 polarizes the illuminating light from the LEDs
6X. The light diffused and reflected by the surface of the
subject 71 has various polarizing directions. However,
the regular-reflection light is incident on the image pick-
up optical system 7 while the polarizing state is kept.
The first polarizing plate 75 is arranged by adjusting the
rotating position with respect to the second polarizing
plate 76. The polarized regular-reflection light is re-
moved by the second polarizing plate 76. Only the dif-
fused and reflected light is incident on the CCD 8 and
the subject image with no high-luminance portion due
to the regular reflection is photographed.

[0307] Inthe case of applying the photographing ap-
paratus 1D in the image processing system according
to the eighth embodiment, even if the subject 71 has the
gloss surface, the photographed image does not have
the high-luminance portion due to the regular reflection,
and the spectroscopic image data is properly obtained
to reproduce the color at high fidelity level.

[0308] In the photographing apparatus 1D, the sec-
ond polarizing plate 76 is arranged between the image
pick-up optical system 7 and the CCD 8. However, with
the same effect, the second polarizing plate 76 is ar-
ranged to the subject 71 side in front of the image pick-
up optical system 7.

[0309] Next, a description is given of an image
processing system according to a ninth embodiment
with reference to Figs. 55 and 56.

[0310] Fig. 55 is a block diagram showing the config-
uration of the image processing system according to the
ninth embodiment. Fig. 56 is a front view showing the
second polarizing plate arranged in front of the CCD in
the photographing apparatus in the image processing
system.

[0311] Referringto Fig. 55, the image processing sys-
tem according to the ninth embodiment comprises: a
photographing apparatus 1E, serving as an image cap-
turing unit, which photographs the spectroscopic image
of the visible light and the near infrared light of the reg-
ular-reflection subject; and a processing apparatus 2E,
serving as an image processing unit, which obtains the
color reproducing image data at high fidelity level from
the spectroscopic image signal of the subject which is
photographed by the photographing apparatus 1E.
[0312] The processing apparatus 2E has the same
configuration and functions as those of the processing
apparatus 2 in the image processing system according
to the first embodiment, and may be a personal compu-
ter.

[0313] Referring to Fig. 55, the photographing appa-
ratus 1E has the same configuration as that of the pho-
tographing apparatus 1 (referto Figs. 1, 17,21, and 37)
applied in the image processing system according to the
first to fourth embodiments. Further, in the photograph-
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ing apparatus 1E, the LEDs 6X serving as the visible
lightsources ofthe illuminating light and an LED 6g serv-
ing asthe nearinfrared light source are arranged around
the image pick-up optical system 7. Furthermore, in or-
der to cut-off the regular-reflection light, the photograph-
ing apparatus 1E has a first polarizing plate 81 serving
as reflected light rejecting means in front of the LEDs
6X and a second polarizing plate 82 in front of the CCD
8. In addition, the CCD 8 has, in front thereof, a rotatable
polarizing dial 85 (refer to Fig. 56) having second polar-
izing plates 83 and 84 serving as the reflected light re-
jecting means.

[0314] The same components in the photographing
apparatus 1E are designated by the same reference nu-
merals. Only different processing portions are de-
scribed.

[0315] In the photographing apparatus 1E, the spec-
troscopic image data of the visible light is obtained by
lighting-on the LEDs 6X. Further, the spectroscopic im-
age data of the near infrared light is obtained by lighting-
on the LED 6g.

[0316] Inthis case, when the subject is the subject 71
having the gloss, the regular-reflection light is captured
and the image data has the high-luminance portion.
However, in the photographing apparatus 1E, the regu-
lar-reflection light is removed not only from the subject
image of the visible light but also from the subject image
of the infrared light. In any case, the spectroscopic im-
age data with no high-luminance portion is properly cap-
tured.

[0317] Inthe photographing apparatus 1E, the polar-
izing plate dial 85 has the second polarizing plate 83 for
visible light and the second polarizing plate 84 for near
infrared light.

[0318] In the case of photographing operation using
the visible light from the photographing apparatus 1E,
the polarizing plate 85 is manually rotated in the direc-
tion of an arrow D1, thereby switching the second po-
larizing plate 83 for visible light to face the CCD 8. After
switching operation, the second polarizing plate 83 for
visible light is rotated via a center rotary roller 86 by ro-
tating the second polarizing plate 84 for near infrared
light projected to the outside of the photographing ap-
paratus casing. Thus, the first polarizing plate 81 for vis-
ible light is adjusted.

[0319] The LEDs 6Xforvisible light are lit-on in a pre-
determined light-emitting mode and thus the light
passed through the first polarizing plate 81 is reflected
by the subject 71 and is incident on the image pick-up
optical system 7. The diffused light component among
the reflected light is transmitted through the second po-
larizing plate 83. However, the regular-reflection light
component is removed by the second polarizing plate
83. Therefore, the CCD 8 converts, intc an image pick-
up signal, the subject image of the visible light with no
high-luminance portion due to the regular reflection, and
the spectroscopic image data is captured.

[0320] Inthe case of the photographing operation us-
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ing the near infrared light, the polarizing plate dial 85 is
manually rotated such that the second polarizing plate
84 for near infrared light faces the CCD 8. The second
polarizing plate 84 for near infrared light is rotated via
the center rotary roller 86 by rotating the second polar-
izing plate 83 for visible light projected to the outside of
the photographing apparatus casing. Thus, the first po-
larizing plate 82 for near infrared light is adjusted.
[0321] The LED 89 for near infrared light is lit-on in a
predetermined light-emitting mode. Then, the near in-
frared light passing through the first polarizing plate 82
is reflected by the subject 71 and is incident on the im-
age pick-up optical system 7. The diffused light compo-
nent among the near infrared light components is trans-
mitted through the second polarizing plate 84. However,
the regular-reflection light component is removed by the
second polarizing plate 84. Therefore, the CCD 8 con-
verts, into an image pick-up signal, the subject image of
the near infrared light with no high-luminance portion
due to the regular reflection, and the spectroscopic im-
age data is captured.

[0322] In the photographing apparatus 1E of the im-
age processing system according to the ninth embodi-
ment, the image is photographed with the light source
of the near infrared light as well as with the light source
of the visible light. Further, the image of the regular-re-
flection subject with the gloss is captured without the
high-luminance portion and the influence of the regular
reflection of both light sources, and the spectroscopic
image data is captured. Thus, the color is reproduced
at high fidelity level.

[0323] The photographing apparatus 1E does not
need to use such an expensive polarizing plate as the
polarizing property overwhelms the entire wavelengths
ranging from the visible light to the near infrared light.
The inexpensive first polarizing plate 81 and second po-
larizing plate 83 are used for the light source of the vis-
ible light. The first polarizing plate 82 and second polar-
izing plate 84 for near infrared light are used for the light
source of the near infrared light. Therefore, the cost of
parts is suppressed.

[0324] Next, a description is given of an image
processing system according to a tenth embodiment
with reference to Figs. 57 to 59.

[0325] Fig. 57 is a block diagram showing the config-
uration of the image processing system. Figs. 58(A) and
58(B) are diagrams showing shading states of the LED
light source before correction in a photographing appa-
ratus of the image processing system. Figs. 59(A) and
59(B) are diagrams showing the shading state of the
LED light source after correction in the photographing
apparatus of the image processing system.

[0326] Theimage processing system according to the
tenth embodiment comprises: a photographing appara-
tus 1F, serving as an image capturing unit; and a
processing apparatus (not shown), serving as an image
processing unit, which obtains the color reproducing im-
age data fromthe spectroscopic image signal of the sub-
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ject photographed by the photographing apparatus 1F.
[0327] Referring to Fig. 57, the photographing appa-
ratus 1F has the same configuration as that of the pho-
tographing apparatus 1 (refer to Figs. 1,17, 21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, the photographing appa-
ratus 1F comprises a shading correcting lens 88 serving
as an optical member which reduces the illuminating in-
homogeneity in front of the LEDs 6X as the illuminating
light sources.

[0328] The same components in the photographing
apparatus 1F are designated by the same reference nu-
merals. Only different processing portions are de-
scribed.

[0329] In the photographing apparatus 1F, when the
shading correcting lens 88 is not attached and the LED
6a and the LED 6d are individually lit-on among the
LEDs 6X arranged at the different positions, referring to
Figs. 58(A) and 58(B), different portions of the subject
are more brightly illuminated compared with the other
portions as shown by the upper left on a screen G1 and
the upper right on a screen G2. If these portions are not
corrected, the accurate measurement is not possible
because the spectrum intensity distributions observed
depending on the positions on the screens are varied.

[0330] Then, in the photographing apparatus 1F, the
shading correcting lens 88 is attached in front of the
LEDs 6X. The shading correcting lens 88 is attached,
and so the illuminating light from the LED 6a or 6d is
adjusted. On screens G3 and G4 shown in Figs. 59(A)
and 59(B), the bright portion is corrected so as to be
collected to the center of the screens. The correction of
the illuminating light reduces the influence due to the
light source position, no error of spectrum strength dis-
tribution due to the position on the screen exists, and
the correct measurement is performed. Further, the
spectroscopic image data is obtained at high fidelity lev-
el.

[0331] Even with the configuration of the photograph-
ing apparatus 1F according to the eighth embodiment,
the shading influenced by the illuminating position re-
mains. In this case, a white sheet is photographed as
the subject, and shading correcting data for the position
on the screen of each of the LEDs 6X is calculated
based onthe obtained image data. Further accurate cor-
rection is possible by the electric shading correction for
each LED.

[0332] The above example combinedly uses the op-
tical shading correction and image-processing shading
correction. However, the same correcting advantage is
obtained by the shading correction using only the image
processing without using the shading correcting optical
system 88.

[0333] In place of the shading correcting optical sys-
tem (lens) 88, a diffusing plate can correct the shading.
[0334] Next, a description is given of an image
processing system according to an eleventh embodi-
ment of the present invention with reference to Figs. 60
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and 61.

[0335] Fig. 60 is a block diagram showing the config-
uration of the image processing system according to the
eleventh embodiment. Fig. 61 is a diagram showing the
arrangement of an LED light source unit of a photo-
graphing apparatus in the image processing system.
[0336] Theimage processing system according to the
eleventh embodiment comprises: a photographing ap-
paratus 1G serving as an image capturing unit; a dark
room 91 serving as a photographing room; and a
processing apparatus (not shown) serving as an image
processing unit which obtains the color reproducing im-
age data at high fidelity level from the spectroscopic im-
age signal of the subject photographed by the photo-
graphing apparatus 1G.

[0337] Referring to Fig. 60, the photographing appa-
ratus 1G has the same configuration as that of the pho-
tographing apparatus 1 (referto Figs. 1, 17,21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, the photographing appa-
ratus 1G comprises a connecting terminal portion (con-
tact portion) 90 connectedto the illuminating light source
in the dark room 91. The same components in the pho-
tographing apparatus 1G as those in the photographing
apparatus 1 are designated by the same reference nu-
merals.

[0338] The processing apparatus has the same con-
figuration and functions as those of the processing ap-
paratus 2 in the image processing system according to
the first embodiment, and may be a personal computer.
[0339] The dark room 91 has a space for the patient
59, and has the structure that is shaded from the out-
side. The dark room 91 further has a plurality of illumi-
nating devices 92 serving as external illuminating devic-
es.

[0340] Referring to Fig. 61, the illuminating devices
92 respectively have a plurality of sets of LEDs 96a to
96f with the same light-emitting wavelengths respective-
ly as those of the LEDs 6a to 6f serving as the LEDs 6X
included in the photographing apparatus 1G. In Fig. 61,
circular marks denote the LEDs, and the same pattern
of the circular mark denotes the LED having the same
light-emitting wavelength. Referringto Fig. 61, the LEDs
96a to 96f are uniformly distributed in the illuminating
devices 92 without deviation, thus substantially enabling
the surface light-emission. The power to the LEDs 96a
to 96f is supplied via a connector 93. The connector 93
is connected to the connecting terminal portion 90 on
the side of the photographing apparatus 1G when the
photographing apparatus 1G is attached in the dark
room 91.

[0341] Inthe photographing operation using the pho-
tographing apparatus 1G with the above-mentioned
configuration, the photographing apparatus 1G is at-
tached in the dark room 91, and the LEDs in the illumi-
nating devices 92 are set to be lit-on. Then, the patient
59 serving as the subject enters the dark room 91.
[0342] The LEDs of the illuminating devices 92 are lit-
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on, a desired portion of the patient 59 is photographed,
and the desired spectroscopic image data is captured.
The LEDs of the illuminating devices 92 are sequentially
lit-on at the light-on timings of the LEDs 6X built in the
photographing apparatus 1G, the light-on timings are lit-
on in the light-emitting mode of the photographing ap-
paratus 1G.

[0343] In the image processing system according to
the eleventh embodiment, the color is accurately meas-
ured with no influence of ambient light and the color is
reproduced at high fidelity level, even when the subject
sizeis large. The dark room 91 may be a compact device
having the space for arranging the attaching unit having
the connector unit 93 of the photographing apparatus
1G andthe illuminating devices 92. The inexpensive im-
age processing system is obtained to photograph the
subject with the large size.

[0344] By applying the photographing optical system
7 with a wide angle in the photographing apparatus 1G,
the photographing range is wide and the large subject,
e.g., large material such as a vehicle can be photo-
graphed.

[0345] Next, a description is given of an image
processing system according to a twelfth embodiment
of the present invention with reference to the block dia-
gram shown in Fig. 62.

[0346] Theimage processing system accordingtothe
twelfth embodiment comprises: a photographing appa-
ratus 1H serving as an image capturing unit; and a
processing apparatus 2H serving as an image process-
ing unit which obtains the color reproducing image data
at high fidelity level from the spectroscopic image signal
of the subject photographed by the photographing ap-
paratus 1H and further determines the subject state
based on the image data.

[0347] Referring to Fig. 62, the photographing appa-
ratus 1H has the same configuration as that of the pho-
tographing apparatus 1 (refer to Figs. 1,17, 21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, the photographing appa-
ratus 1H comprises, serving as the illuminating light
sources, the plurality of LEDs 6X serving as the light
sources of the visible light and a plurality of LEDs 6h
serving as near infrared light sources with the center
wavelength 780 to 900 nm around the image pick-up
optical system 7. The same components in the photo-
graphing apparatus 1H as those in the photographing
apparatus 1 are designated by the same reference nu-
merals.

[0348] The processing apparatus 2H has the same
configuration and functions as those of the processing
apparatus 2 in the image processing system according
to the first embodiment, and may be a personal compu-
ter.

[0349] In the photographing apparatus 1H, when the
LEDs 6X setrving as the light sources of the visible light
are lit-on in a predetermined light-emitting mode, the
spectroscopic image data is captured by the visible light.
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Further, when the LEDs 6h serving as the light sources
of the near infrared light are lit-on and the body surface
of a patient 95 as the subject is irradiated, the spectro-
scopic image data is captured by the near infrared light.
[0350] Inthe photographing operation using the infra-
red light, the photographing apparatus 1H is set to a
near infrared light photographing mode and the LEDs
6h are continuously lit-on. In this state, image data of
the body surface of the patient 95 is captured with 30
frames per sec, and is then displayed. The captured im-
age is displayed, as a monochrome image, on the LCD
monitor 16 and the display 22 in the processing appa-
ratus 2H.

[0351] Ascompared with the visible light, the near in-
frared light with the center wavelength 780 to 900 nm of
the LEDs 6h reaches the deep portion under the body
surface and therefore the state of a blood vessel 95a
under the skin is photographed. In a blood flow observ-
ing mode, the state of the blood flow of the blood vessel
95a under the skin is observed on the display 22 by us-
ing the moving image data with 30 frames per sec. The
state of the blood flow can be directly observed on the
LCD monitor 16 of the photographing apparatus with the
monochrome image.

[0352] In the image processing system according to
the twelfth embodiment, the determination of the blood
flow state can be automatically executed. The photo-
graphing person presses the operating switch 14 in the
photographing apparatus 1H, thereby lighting-on the
LEDs 6h for a predetermined time period. The photo-
graphed moving image data using the near infrared light
is transferred to the processing apparatus 2H. In the
processing apparatus 2H, the blood flow state is deter-
mined by calculating the moving image data.

[0353] By the calculation of the moving image of the
blood flow state in addition to the determination of the
blood flow state, the image processing system accord-
ing to the twelfth embodiment can obtain the pulse rate
and the heart rate.

[0354] Next, a description is given of an image
processing system according to a thirteenth embodi-
ment of the present invention with reference to the block
diagram shown in Fig. 63.

[0355] Theimage processing system according to the
thirteenth embodiment comprises: a photographing ap-
paratus 1J serving as an image capturing unit; and a
processing apparatus 2J serving as an image process-
ing unit which obtains the color reproducing image data
at high fidelity level from the spectroscopic image signal
of the subject photographed by the photographing ap-
paratus 1J and further determines the surface state of
the subject based on the image data.

[0356] Referring to Fig. 63, the photographing appa-
ratus 1J has the same configuration as that of the pho-
tographing apparatus 1 (referto Figs. 1, 17,21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, the photographing appa-
ratus 1J comprises, serving as the illuminating light
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sources, the plurality of LEDs 6X serving as the light
sources of the visible light and a plurality of LEDs 6j serv-
ing ultraviolet light sources with the center wavelength
300 nm to 380 nm around the image pick-up optical sys-
tem 7. The same components in the photographing ap-
paratus 1J as those in the photographing apparatus 1
are designated by the same reference numerals.
[0357] The processing apparatus 2J has the same
configuration and functions as those of the processing
apparatus 2 in the image processing system according
to the first embodiment.

[0358] In the photographing apparatus 1J, when the
LEDs 6X setrving as the light sources of the visible light
are lit-on in a predetermined light-emitting mode, the
spectroscopic image data is captured by the visible light.
Further, when the LEDs 6j serving as the light sources
of the ultraviolet light are lit-on and a surface 98a of an
examined member 98 as the subject is irradiated, the
spectroscopic image data is captured by the uliraviolet
light.

[0359] Inthe photographing operation using the ulira-
violet light, the photographing apparatus 1J is set to an
ultraviolet photographing mode and the LEDs 6j are lit-
on. In this state, the image data on the surface 98a of
the examined member 98 is captured and is displayed.
The captured image is displayed, as the monochrome
image, on the LCD monitor 16 and the display 22 of the
processing apparatus 2J.

[0360] As compared with the visible light, the ultravi-
olet light with the center wavelength 300 nm to 380 nm
of the LEDs 6j is scattered and reflected at the shallow
position of the subject surface layer. Therefore, the state
of the subject surface such as the fine scratch on the
surface is observed with the photographed image.
[0361] A modified photographing apparatus may be
configured by combining the photographing apparatuss
1H and 1J applied in the twelfth and thirteenth embodi-
ments. The photographing apparatus according to the
modification comprises, in addition to the LEDs 6X of
the visible light serving as the light sources, the LEDs
6h serving as the light sources of the near infrared light,
and the LEDs 6j serving as the light sources of the ul-
traviolet light, around the image pick-up optical system
7.

[0362] The photographing apparatus accordingto the
modification enables the single photographing appara-
tus to capture the spectroscopic image data of various
subjects, by performing the observation of the patient
blood-flow and the surface-scratch examination of the
sensed member and the like.

[0363] Next, a description is given of an image
processing system according to a fourteenth embodi-
ment of the present invention with reference to the block
diagram shown in Fig. 64.

[0364] Theimage processing system accordingtothe
fourteenth embodiment comprises a photographing ap-
paratus 1K serving as an image capturing unit and a
processing apparatus 2K serving as an image process-
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ing unit which obtains the color reproducing image data
at high fidelity level from the spectroscopic image signal
of the subject photographed by the photographing ap-
paratus 1K.

[0365] Referring to Fig. 64, the photographing appa-
ratus 1K has the same configuration as that of the pho-
tographing apparatus 1 (referto Figs. 1, 17,21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, the photographing appa-
ratus 1K comprises a color chip 101 having the arrange-
ment of calibration standard colors, the color chip 101
being freely rotatably supported by a supporting shaft
102 at the projecting port 5a of the casing 5.

[0366] The same compenents in the photographing
apparatus 1K as those in the photographing apparatus
1 are designated by the same reference numerals.
[0367] The processing apparatus 2K has the same
configuration and functions as those of the processing
apparatus 2 in the image processing system according
to the first embodiment.

[0368] The photographing apparatus 1K according to
the fourteenth embodiment does not need the storage
and management of the color chip, which is convention-
ally troublesome, and includes the color chip 101 in the
casing 5 to prevent the dirt of the color chip and the de-
terioration due to the ambient light. When the color chip
101 is not used, it is evacuated from the projecting port
5a of the image pick-up optical system and is accom-
modated in the casing 5. In the accommodating state,
the color chip 101 is evacuated out of the illuminating
optical paths of the LEDs 6X, and does not become the
obstacle of the illuminating light to a subject 103. Only
in the calibration, the color chip 101 is rotated to the po-
sition of the projecting port 5a of the image pick-up op-
tical system 7 as shown in Fig. 64. In this state, the im-
age data of the color chip 101 is captured via the CCD
8 and the spectroscopic image data for color calibration
is obtained.

[0369] In the photographing apparatus 1K according
to the fourteenth embodiment, the storage and manage-
ment of the color chip 101 are not necessary, the dirt is
not easily caused because of no manual operation of
the hands, the color is not deteriorated because of no
exposure to the ambient light, and the color is always
accurately calibrated.

[0370] In the photographing apparatus 1K according
to the fourteenth embodiment, the color chip 101 is ro-
tatably supported to the casing 5. Unlike this, the color
chip may be adhered to the inner surface of a lens cap
(not shown) attached/detached to/from the projecting
port 5a of the casing 5. In this case, the calibration is
performed while the lens cap is attached.

[0371] Next, a description is given of an image
processing system according to a fifteenth embodiment
of the present invention with reference to the system
block diagram shown in Fig. 65.

[0372] Theimage processing system according to the
fifteenth embodiment comprises: a photographing ap-
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paratus 1L serving as an image capturing unit; a mobile
telephone 110 which is connected to the photographing
apparatus 1L via a cable 112; and an in-hospital
processing system 119 which can be communicated
with the mobile telephone 110.

[0373] The in-hospital processing system 119 com-
prises an in-hospital communication device 115, a
processing apparatus 116, a database 117, and a mon-
itor 118.

[0374] Referring to Fig. 65, the photographing appa-
ratus 1K has the same configuration as that of the pho-
tographing apparatus 1 (refer to Figs. 1,17, 21, and 37)
in the image processing system according to the first to
fourth embodiments. The same components in the pho-
tographing apparatus 1K as those in the photographing
apparatus 1 are designated by the same reference nu-
merals.

[0375] The mobile telephone 110 sends the spectro-
scopic image data of the affected part of the patient,
which is captured by the photographing apparatus 1L,
to the in-hospital communication device 115 of the in-
hospital processing system 119 via a public communi-
cation line. The mobile telephone 110 comprises an
LCD monitor 111.

[0376] The processing apparatus 116 of the in-hospi-
tal processing system 119 is an image processing unit
which obtains the color reproducing image data at high
fidelity level by using the spectroscopic image signal of
the affected part received via the in-hospital communi-
cation device 115, and has the same configuration as
that of the processing apparatus 2 according to the first
embodiment.

[0377] Hereinbelow, a description is given of the op-
eration for processing the spectroscopic image data in
the image processing system according to the fifteenth
embodiment by dividing processing steps into those of
the processing of the mobile telephone 110, those of the
processing of the in-hospital processing system 119,
and those of the processing of the photographing appa-
ratus 1L.

[0378] The processing steps of the mobile telephone
110 will be described. First, the mobile telephone 110 is
connected to the photographing apparatus 1L. Then,
the ID of the photographing apparatus 1L is checked. If
the ID of the photographing apparatus 1L is incorrect,
an error message is outputted. If the mobile telephone
110 matches the photographing apparatus 1L, the mo-
bile telephone 110 is set to a photographing mode, the
monitor 111 of the mobile telephone functions as a mon-
itor of the photographing apparatus 1L, and an operating
button of the mobile telephone is set so as to function
as an operating switch of the photographing apparatus
1L.

[0379] A connecting request is outputted, via the pub-
lic line, to the in-hospital processing system 119 which
has already been set. The identification of the in-hospital
processing system 119 ends and then the connection is
established.
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[0380] The monitoring image from the photographing
apparatus 1L is displayed on the monitor 111 of the mo-
bile telephone 110, and the photographing preparation
is completed.

[0381] The user presses the photographing button
14a of the photographing apparatus 1L and then the out-
put of photographed image data fromthe photographing
apparatus 1L is waited. The photographed image data
is outputted and then the image data is displayed on the
monitor 111. The image data is sent to the in-hospital
processing system 119 and the user operation is waited.
[0382] The user operation requests the search forthe
image database of the in-hospital processing system
119. Then, the database 117 of the in-hospital process-
ing system 119 is accessed, information on the data-
base 117 is obtained, and the information is displayed
on the monitor 118.

[0383] Further, the user operation requests the
search for the database 117. The search result from the
database is received and is displayed on the monitor
111.

[0384] Next, the processing steps on the in-hospital
processing system 119 will be described. First, a con-
necting request from the mobile telephone 110 is re-
ceived, and the ID of the mobile telephone is checked.
If the ID of the mobile telephone is incorrect, an error
message is outputted and the connection is disconnect-
ed. Further, the ID of the photographing apparatus 1L is
checked. If the ID of the photographing apparatus 1L is
incorrect, an error message is outputted and the con-
nection is discontinued.

[0385] Subsequently, ID information is requested and
the ID information inputted by the user is checked. If the
ID information is incorrect, an error message is output-
ted and the connection is discontinued. If the ID infor-
mation is correct, the connection is established and the
sending operation from the mobile telephone 110 is
waited.

[0386] The photographing apparatus 1L photographs
the image and then the image data from the mobile tel-
ephone 110 is received.

[0387] The received image data is recorded to the da-
tabase 117 together with the ID of the mobile telephone,
the ID of the photographing apparatus, and the ID infor-
mation of the user. The sending operation from the mo-
bile telephone 110 is waited.

[0388] A search request to the database 117 from the
mobile telephone 110 is received and then the data is
searched in the database 117. The search resultis sent
to the mobile telephone 110 and the sending operation
from the mobile telephone 110 is waited.

[0389] Next, the processing steps of the photograph-
ing apparatus 1L will be described. The mobile tele-
phone 110 is connected and the ID of the mobile tele-
phone 110 is checked.

[0390] Theimage data from the photographing appa-
ratus 1L enters a photographing state when the image
data as live image data is sent to the mobile telephone
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110. The operation of the photographing button 14a or
photographing request from the mobile telephone 110
is waited.

[0391] The user executes the photographing opera-
tion, thereby the LEDs 6X serving as the light source
units of the photographing apparatus 1L are lit on ac-
cording to a predetermined sequence. Then, the photo-
graphing operation is executed, and the obtained pho-
tographed image data is sent to the mobile telephone
110.

[0392] Withthe configuration of the image processing
system according to the fifteenth embodiment, the liquid
crystal monitor does not need to be arranged to the pho-
tographing apparatus 1L, and the photographing appa-
ratus 1L is constructed inexpensive. Further, the cable
is not in the connection to the in-hospital processing sys-
tem 119 and therefore the degree of handling freedom
is high in the photographing operation. Since the public
line is used as a communication line, the range of using
place is wide. The operating button of the mobile tele-
phone 110 is used and therefore more complicated
character information such as the patient name or con-
dition is inputted.

[0393] Further, voice data may be inputted together
with the image data by using a microphone of the mobile
telephone 110. In this case, information such as a com-
ment using voice data can be inputted. Further, the op-
eration can be performed by voice. Thus, the conven-
ience is improved.

[0394] The mobiletelephone 110 may be a PHS used
in the hospital or a terminal device of LAN or a PDA de-
vice.

[0395] Next, a description is given of an image
processing system according to a sixteenth embodi-
ment of the present invention with reference to the block
diagramin Fig. 66 showing the configuration of an image
capturing unit in the image processing system.

[0396] Referringto Fig. 66, the image processing sys-
tem according to the sixteenth embodiment comprises:
a mobile telephone with camera 121 to which an LED
illuminating unit 127 serving as an image capturing unit
is attached; and an in-hospital processing system 119
which can communicate with the mobile telephone 121.
[0397] Thein-hospital processing system 119 has the
same system as that shown in Fig. 65 according to the
fifteenth embodiment, and comprises an in-hospital
communication device 115, a processing apparatus
116, the database 117, and the monitor 118.

[0398] Whenthe LED illuminating unit 127 is attached
to the mobile telephone with camera 121, the mobile tel-
ephone with camera 121 has the same photographing
processing function as that of the photographing
processing unit of the photographing apparatus 1 (refer
to Fig. 1) in the image processing system according to
the first embodiment. That is, the mobile telephone with
camera 121 comprises a camera lens 122 serving as a
photographing optical system, an LCD monitor 124, an
operating switch 123, an antenna 126, and a connector
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unit. Further, the mobile telephone with camera 121 con-
tains a CCD, an A/D converting circuit, an image data
memory, a camera control I/F, a data receiving/transmit-
ting circuit, a monitor I/F, an external I/F, a CPU which
controls the mobile telephone and the like.

[0399] TheLED illuminating unit 127 attachable to the
mobile telephone with camera 121 is fixed to a main
body of the mobile telephone with camera 121 by using
a unit fixing metal fitting 131. Further, in the state in
which the LED illuminating unit 127 is attached, the LED
illuminating unit 127 comprises a close-up lens 128 fac-
ing the camera lens 122, LEDs 129 arranged along the
outer circumference of the close-up lens, a shading cyl-
inder 132 externally arranged to the LEDs 129, and a
connecting cable 125 connected to a connector unit of
the mobile telephone with camera 121.

[0400] The LEDs 129 have different spectroscopic
distribution characteristics, similarly to those of the
LEDs 6X arranged to the photographing apparatus 1 ac-
cording to the first embodiment, and comprise a plurality
of sets of 6 types of LEDs similar to the LEDs 6a and 6b
as the blue light sources with different wavelengths, the
LEDs 6b and 6¢ as the green light sources with different
wavelengths, and the LEDs 6e and 6f as the red light
sources with different wavelengths.

[0401] Next, a description is given of the photograph-
ing operation using the image processing system with
the above-mentioned configuration according to the six-
teenth embodiment.

[0402] The LED illuminating unit 127 attached to the
mobile telephone with camera 121 is directed to the
body surface of the patient as the subject, and then the
operating switch 123 is operated. Further, the LEDs 129
are lit-on in a predetermined light-emitting sequence in
the selected light-emitting mode. Further, the CCD (not
shown) arranged to the mobile telephone 121 captures
the photographed image data of the body surface of the
patient upon the light emission of the LEDs. The image
data is temporarily stored in a memory in the mobile tel-
ephone 121.

[0403] Afterthat, the spectroscopic image data is sent
to the in-hospital processing system 119 from the anten-
na 126 via the public line by operating the operating
switch 123. On the in-hospital processing system 119
side, the imaging processing is performed based on the
spectroscopic image data and the color reproducing
processing is executed with high accuracy.

[0404] The data reception and transmission between
the mobile telephone 121 and the in-hospital processing
system 119 is similar to that in the case according to the
eleventh embodiment.

[0405] Theimage processing system according to the
twelfth embodiment does not need any dedicated pho-
tographing apparatuss. The attachment of the LED illu-
minating unit 127 to the conventional mobile telephone
with the camera results in the function of the photo-
graphing apparatus in the image processing system,
and an inexpensive system using the public line is pro-
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vided.

[0406] The mobile telephone 121 may be another ter-
minal device with the camera function, a LAN terminal
device, or a PDA device.

[0407] Next, a description is given of an image
processing system according to a seventeenth embod-
iment of the present invention with reference to the block
diagram in Fig. 67 showing the configuration of a pho-
tographing apparatus in the image processing system.
[0408] Theimage processing system accordingtothe
seventeenth embodiment comprises: a photographing
apparatus 1M serving as an image capturing unit; and
a processing apparatus (not shown) serving as an im-
age processing unit which obtains the color reproducing
image data at high fidelity level from the spectroscopic
image signal of the subject photographed by the photo-
graphing apparatus 1M.

[0409] Referring to Fig. 67, the photographing appa-
ratus 1M has the same configuration as that of the pho-
tographing apparatus 1 (refer to Figs. 1,17, 21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, the photographing appa-
ratus 1M comprises a distance measuring sensor 141,
serving as distance measuring means, which measures
a photographing distance L serving as an apart distance
between the photographing apparatus 1M and a subject
142. The same components in the photographing appa-
ratus 1M as those in the photographing apparatus 1 are
designated by the same reference numerals.

[0410] The processing apparatus according to the
seventeenth embodiment has the same configuration
and functions as those of the processing apparatus 2 in
the image processing system according to the first em-
bodiment.

[0411] The photographing operation in the image
processing system according to the seventeenth em-
bodiment is performed by the following processing
steps.

[0412] First, the user sets the photographing appara-
tus 1M to the subject 142 serving the patient body,
measures the photographing distance by using the dis-
tance measuring sensor 141, and registers the measur-
ing result. The difference from the target photographing
distance is displayed on the LCD monitor 16 with a ref-
erence symbol. The user moves the photographing ap-
paratus 1M while viewing the display on the LCD mon-
itor 16. When the photographing distance matches the
target one, such a fact is displayed on the LCD monitor
16. The photographing apparatus 1M waits for the pho-
tographing operation. The user operates the photo-
graphing button 14a and then the photographing oper-
ation starts.

[0413] In the image processing system according to
the seventeenth embodiment, when the distance to the
subject is determined by using the function for measur-
ing the distance to the subject so as to photograph the
same portion of the subject 142 serving as the patient
body, the image size is the same as that compared with
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the previously-photographed image data, and the com-
parison is excessively easy.

[0414] Next, a description is given of the photograph-
ing apparatus in the image processing system accord-
ing to a modification of the seventeenth embodiment.
[0415] The photographing operation in the photo-
graphing apparatus 1M according to the modification is
executed by the following processing steps. That is, the
user designates the previously-photographed image
data, desired information on the photographing distance
is obtained from the designated image data, and the ob-
tained information is displayed on the LCD monitor 16.
[0416] The user obtains with the photographing appa-
ratus 1M, the information on the actual photographing
distance upon photographing the subject by determin-
ing the approximate distance with eye measurement,
and a magnification correcting coefficient is calculated
based on the actual photographing distance and the de-
sired photographing distance. The LCD monitor 16 dis-
plays the image, of the same size with the previously-
photographed image after correcting the magnification
of the image that is actually photographed based on the
calculated magnification correcting coefficient.

[0417] By roughly setting the distance to the subject
142 withthe function of the photographing apparatus 1M
according to the modification, the image data with the
same maghnification as that of the previous image is ob-
served.

[0418] Next, a description is given of an image
processing system according to an eighteenth embodi-
ment of the present invention with reference to the dia-
gram indicating a diagnostic state generated by using
the system shown in Fig. 68.

[0419] Theimage processing system according to the
eighteenth embodiment comprises: a photographing
apparatus 1N serving as an image capturing unit; a di-
agnostic bed with digitizer 153, and a processing appa-
ratus (not shown) serving as an image processing unit
which obtains the color reproducing image data at high
fidelity level from the spectroscopic image signal of the
subject photographed by the photographing apparatus
1N.

[0420] Referring to Fig. 68, the photographing appa-
ratus 1N has the same configuration as that of the pho-
tographing apparatus 1 (referto Figs. 1, 17,21, and 37)
in the image processing system according to the first to
fourth embodiments. Further, the photographing appa-
ratus 1N contains a position sensing coil 151, serving
as subject portion sensing means which senses the co-
ordinates of the photographing apparatus 1N at the tip
of a barrel of the photographing apparatus 1N; and an
angle sensor 152 which senses the position of the pho-
tographing apparatus 1N using the gravity or the like.
[0421] The same compenents in the photographing
apparatus 1N as those in the photographing apparatus
1 are designated by the same reference numerals.
[0422] The processing apparatus according to the
eighteenth embodiment has the same configuration and
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functions as those of the processing apparatus 2 in the
image processing system according to the first embod-
iment.

[0423] The photographing apparatus 1N according to
the eighteenth embodiment is assumed to be used for
the diagnosis in a clinic or the like. A digitizer device for
generatingthe magnetic field from a plurality of positions
is attached to the diagnostic bed with digitizer 153, and
which senses the position of the sensing coil 151 of the
photographing apparatus 1N and so the position of the
photographing apparatus 1N. Further, the angle sensor
152 of the photographing apparatus 1N senses the di-
rection of the photographing apparatus 1N with respect
to the horizontal direction.

[0424] In the photographing operation using the pho-
tographing apparatus 1N, a patient 154 of the subject
for diagnosis is laid at a predetermined position of the
diagnostic bed with digitizer 153. In this state, the pho-
tographing apparatus 1N photographs the image, there-
by sensing the relative positional coordinates between
the patient 154 and the photographing apparatus 1N in
the photographing operation and the inclination of the
photographing apparatus 1N. The sensed data is re-
corded together with the image data. The photographed
portion of the patient is automatically recorded based
on the sensed data. Therefore, the photographed posi-
tion of the affected part and the photographed direction
are confirmed every captured image data. It is possible
to prevent the deviation in photographed portion and the
change in photographing direction. Therefore, the cor-
rect diagnosis is executed.

[0425] Next, a description is given of an image
processing system according to a nineteenth embodi-
ment of the present invention with reference to the dia-
gram indicating a diagnostic state generated by using
the system shown in Fig. 69.

[0426] Theimage processing system accordingtothe
nineteenth embodiment comprises: a photographing
apparatus 1P serving as an image capturing unit; a
processing apparatus (not shown) serving as an image
processing unit which obtains the color reproducing im-
age data at high fidelity level from the spectroscopic im-
age signal of the subject photographed by the photo-
graphing apparatus 1P; and a diagnostic chair 161.
[0427] The photographing apparatus 1P has the
same configuration as that of the photographing appa-
ratus 1 (refer to Figs. 1, 17, 21, and 37) in the image
processing system according to the first to fourth em-
bodiments. Further, the photographing apparatus 1P
contains an optical pattern projecting device (not
shown), serving as subject portion detecting means, the
optical pattern projecting device projects a specific op-
tical pattern to the subject. However, the optical pattern
projecting device may be not contained in the photo-
graphing apparatus 1P and may be fixed.

[0428] The same components in the photographing
apparatus 1P as those in the photographing apparatus
1 are designated by the same reference numerals.
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[0429] The processing apparatus according to the
nineteenth embodiment has the same configuration and
functions as those of the processing apparatus 2 in the
image processing system according to the first embod-
iment.

[0430] According to the eighteenth embodiment, the
digitizer for specifying the photographing position is ap-
plied. However, according to the nineteenth embodi-
ment, the photographing portion of the spectroscopic
image data is specified by referring to the image photo-
graphed in a state in which the specific optical pattern
is projected to the patient.

[0431] That is, in the photographing operation using
the photographing apparatus 1P in the image process-
ing system according to the nineteenth embodiment, re-
ferring to Fig. 69, a patient 162 serving as the subject
sits on the diagnostic bed 161. Then, the photographing
apparatus 1P is set so that an affected part 162a of the
patient 162 can be photographed. Then, the specific op-
tical pattern is projected to the patient 162 from the op-
tical pattern projecting device. The periphery of the af-
fected part 162a in the state that optical pattern is being
projected is once photographed in the monitoring image
capturing mode. The spectroscopic image data is cap-
tured by the photographing operation with the illuminat-
ing light of the LEDs 6X in the spectroscopic image cap-
turing mode while the photographing apparatus 1P is
being kept from moving.

[0432] In the image processing system according to
the nineteenth embodiment, it is possible to accurately
specify the photographed portion of which the spectro-
scopic image data is captured using the projected image
of the optical pattern.

[0433] According to one modification, a photograph-
ing apparatus in the image processing system is pro-
posed as follows.

[0434] That is, the photographing apparatus accord-
ing to the modification of the nineteenth embodiment
comprises: a temperature sensor for measuring the
body temperature at the tip of the device main body; a
pulse sensor for sending the pulses; and a microphone
(sensor) namely, an auscultation function, for sensing
Korotkoff sounds upon measuring the blood pressure,
breath sounds and heart sounds at the chest region, and
abdominal noises at the abdominal region. These sen-
sors capture data on the body temperature, pulses, and
heart beats in addition to the spectroscopic image data
of the subject. The data on the body temperature, puls-
es, and heart beats upon photographing operation of the
affected part of the patient is simultaneously stored in
the memory with a correlation with the spectroscopic im-
age data. Thus, the data on the body temperature, puls-
es, and heart beats, which is measured every day by
the sensors in the photographing apparatus can be sent
to the medical service providers via the public line and
therefore the home health management is finely real-
ized.

[0435] In the image processing system according to
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the embodiments, the photographing apparatus serving
as the image capturing unit and the processing appara-
tus serving as the image processing unit are separately
arranged. However, the photographing apparatus and
the processing apparatus may be integrated, thereby
being configured as a single portable device. In this
case, the image processing is simultaneously per-
formed while photographing so that the image process-
ing system is easily handled depending on the using
purpose.

[0436] The present invention is not limited to the
above embodiments and can be variously modified with-
out departing the spirit of the present invention.

Industrial Applicability

[0437] In the image processing system according to
the present invention, as mentioned above, the image
processing system with the compact and portable size
and light weight reproduces the colors at high fidelity
level and is preferable as an information communication
device.

Claims
1. Animage processing system comprising:

an image capturing unit; and

an image processing unit,

the image capturing unit comprising: an image
pick-up optical system which picks-up animage
of asubject; an image pick-up device unit which
obtains a subject signal from the subject; a plu-
rality of illuminating light sources with different
characteristics of spectroscopic distributions;
and a photographing operating unit which per-
forms an image photographing operation, the
image capturing unit interlocking the plurality of
illuminating light sources with an exposure tim-
ing of the image pick-up device unit, selectively
lighting-on the plurality of illuminating light
sources, and thus obtaining a plurality of sub-
ject spectroscopic images, and

the image processing unit comprising: an im-
age memory unit which stores the subject spec-
troscopic images photographed by the image
pick-up unit; and the image processing unit cal-
culates a desired image based on the image
signal stored in the image memory unit.

2. The image processing system according to Claim
1, wherein the image processing unit further calcu-
lates, classifies, or analyzes a predetermined class
of the subject based on the image signal stored in
the image memory unit.

3. The image processing system according to Claim
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1, wherein the image capturing unit further compris-
es an illuminating detecting sensor which senses
characteristics of spectroscopic distributions of am-
bient light, an external strobe light-emitting device
is attachable to the image capturing unit, a sensing
unit of the illuminating detecting sensor is optically
connected to a light guide path of strobe light upon
the external strobe light-emitting device is attached
to the image capturing unit.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es reflected light rejecting means which prevents
the illuminating light source from being photo-
graphed to the subject.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es an optical member which reduces the illuminat-
ing unhomogeneity between the illuminating light
source and the subject.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es a connecting contact portion for interlocking with
an external illuminating device, and the external il-
luminating device connected via the connecting
contact portion s lit-on in the light-on sequence sim-
ilar to that of the illuminating light sources.

The image processing system according to Claim
1, wherein the plurality of illuminating light sources
include at least one of a light source with the center
wavelength of 780 to 900 nm or a light source with
the center wavelength of 300 to 380 nm.

The image processing system according to Claim
1, wherein the image capturing unit and the image
processing unit are integrally formed.

The image processing system according to Claim
1, wherein the image capturing unit includes a color
chip for calibration in the image processing unit.

The image processing system according to Claim
1, wherein the image capturing unit uses a portable
terminal device having a photographing function,
and an illuminating light source unit having a plural-
ity of illuminating light sources as one unit having
different characteristics of spectroscopic distribu-
tions is attachable to the portable terminal device
having the photographing function.

The image processing system according to Claim
1, wherein the image processing unit comprises im-
age filing software, and image data photographed
upon operating the photographing operating unit is
recorded to a predetermined portion of the image
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filing software.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es subject portion sensing means which obtains po-
sitional information of the subject.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es a temperature measuring unit.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es a pulse rate measuring unit.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es an auscultation function.

The image processing system according to Claim
1, wherein the image capturing unit further compris-
es distance measuring means which manages the
size of the subject in the photographed image.
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Box1 Observafions where certain claims were found unsearchable (Continnation of item 2 of first sheet)
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1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2, D Claims Nos.:
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extent that no meaningful international search can be carried out, specifically:

3. [} Claims Nos.:
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box II Observations where unity of invention is lacking (Continuation of itern 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

A feature common to ¢laims 1-16 and inveolving “having an imaging optical
system for imaging an object, an imaging element unit for capturing an object
signal from the object, a plurality of lighting light sources respectively
having different spectral distribution characteristics, and an imaging
operation unit for performing an image picking-up operation, having an image
shooting unit that allows the plurality of lighting light sources to interlock
with the exposure timing of the imaging element unit and obtains a plurality
of object spectral images by selectively lighting the plurality oI lighting
light sources, and an image memory unit for storing the object spectral images
shot by the image shooting unit, (Continued to extra sheet)

1. ]:' As all required additional search fees were timely paid by the applicant, this international search repori covers all searchabie

claims.

2, |:| As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by Lhe applicant’s protest.

|:| No protest accompanied the payment of additional search fees.
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Continuation of Box No. II of continuation of first sheet (1)

and having an image processingunit for performing a desired image operation
from image signals stored in the image memory unit” has been clearly found
not to be a novel constitution by our prior-art technical document search.
Consequently the common feature (the above constitution) is not a special
technical feature within the meaning of PCT Rule 13.2, second sentence,
since it makes no contribution over the prior art.
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