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(57) ABSTRACT

Disclosed are a method for obtaining a full reflectance spec-
trum of a surface and an apparatus therefor. The method for
obtaining a full reflectance spectrum of a surface, comprises
the steps of: (a) calculating a combination value of spectral
characteristics of a light source and response characteristics
of'a camera for an image of a reference object, the full reflec-
tance spectrum of a surface of which is known, by utilizing
the known full reflectance spectrum of a surface; (b) obtain-
ing an image by photographing an object irradiated with light
according to a predetermined lighting environment; and (c)
obtaining a full reflectance spectrum of a surface for the
object by utilizing the combination value of the spectral char-
acteristics of the light source and the response characteristics
of'the camera for the image.
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obtain image by photographing a reference object that is irradiated with ,\3/“)
light according to a predetermined lighting environment
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combination value by using the known full reflectance spectrum of a surface
of the reference object
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METHOD FOR OBTAINING FULL
REFLECTANCE SPECTRUM OF A SURFACE
AND APPARATUS THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Phase Application of
PCT International Application No. PCT/KR2014/004221,
which was filed on May 12, 2014, and which claims priority
from Korean Patent Application No. 10-2013-0060424, filed
with the Korean Intellectual Property Office on May 28, 2013.
The disclosures of the above patent applications are incorpo-
rated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a full reflectance
spectrum of a surface obtainment method and an apparatus
therefor with which a full reflectance spectrum of a surface
can be obtained even when the spectral characteristic of the
light source and the response characteristic of the camera are
unknown.

[0004] 2. Description of the Related Art

[0005] Generally, obtaining a full reflectance spectrum of a
surface requires knowing the spectral characteristic of the
light source and the response characteristic of the camera.
Here, the spectral characteristic of the light source can be
easily measured, for example by using a measurement equip-
ment such as a spectroradiometer. In another example, the
spectral characteristic of the light source may be indirectly
measured if the reflection spectrum and the camera’s
response characteristic are known, but if the various known
reflection spectra are not sufficient, it may be difficult to
guarantee the accuracy of the outcome.

[0006] In the case of the camera’s response characteristic,
there is no method of direct measurement, and the response
characteristic may be measured by using a large number of
narrow band light sources or color filters or by using a reflec-
tion spectrum and a light source with known characteristics.
With this method, however, it can be difficult to perform the
measurement even in a well controlled environment, due to its
sensitivity to external light sources, and it can also be difficult
to provide accurate measurements, because some of the
results may require interpolation if the light sources or filters
either are not sufficiently narrow or are not continuous.
[0007] Inparticular, the response characteristic of a camera
may also vary according to the type of the lens, due to the
deterioration of the sensors, and according to temperature. As
frequent re-measurements are inevitable according to various
circumstances, there is no actual value that can serve as a
standard, making it impossible to verify the results.

SUMMARY OF THE INVENTION

[0008] An aspect of the invention is to provide a full reflec-
tance spectrum of a surface obtainment method and an appa-
ratus therefor with which a full reflectance spectrum of a
surface can be obtained even when the spectral characteristic
of the light source and the response characteristic of the
camera are unknown.

[0009] One aspect of the invention provides a method with
which a full reflectance spectrum of a surface can be obtained
even when the spectral characteristic of the light source and
the response characteristic of the camera are unknown.
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[0010] An embodiment of the invention can provide a full
reflectance spectrum of a surface obtainment method that
includes: (a) calculating a light source spectrum characteris-
tic and camera response characteristic combination value
from a photographed image of a reference object having a
known full reflectance spectrum of a surface by using the
known full reflectance spectrum of a surface; (b) obtaining an
image by photographing an object irradiated with light
according to a predetermined lighting environment; and (c)
obtaining a full reflectance spectrum of a surface for the
object by using the light source spectrum characteristic and
camera response characteristic combination value.

[0011] The light source spectrum characteristic and camera
response characteristic combination value may be the result
of multiplying a camera response characteristic value and a
spectrum characteristic value of a light source.

[0012] Step (a) may include: calculating a weight for a
known basis function for the known full reflectance spectrum
of a surface by using the known full reflectance spectrum of a
surface and the known basis function; and obtaining the light
source spectrum characteristic and camera response charac-
teristic combination value by using the weight for the known
basis function.

[0013] The weight for the basis function may be calculated
by using the equation shown below:

0 =fs(Wb(Wdh, fork=1,. .. K,

[0014] where K is the number of basis functions, s(A) rep-
resents the full reflectance spectrum of a surface of the object,
and b, (M) represents a basis function of the full reflectance
spectrum of a surface of the object.

[0015] The camera conditions for the camera photograph-
ing the image and the lighting conditions may be the same in
step (a) and step (b), and the camera conditions may entail the
same camera and lens.

[0016] Another embodiment of the invention can provide a
method of obtaining images in a calibration apparatus that
includes an image obtainment unit, in which a lighting device
and a camera are mounted, and a calibration unit, in which a
reference object with a known full reflectance spectrum of a
surface is mounted, where the method can include: closing off
the inside of the calibration unit where the reference object is
adhered by coupling the image obtainment unit with the cali-
bration unit; and obtaining a multiple number of images of the
reference object by altering the lighting device.

[0017] The multiple number of images can be used to cal-
culate a light source spectrum characteristic and camera
response characteristic combination value, an image of a
target object can be obtained using the camera of the image
obtainment unit while the calibration unit is in a detached
state, and a full reflectance spectrum of a surface of the target
object can be computed by using the image of the target object
and the light source spectrum characteristic and camera
response characteristic combination value.

[0018] Another aspect of the invention provides an appara-
tus with which a full reflectance spectrum of a surface can be
obtained even when the spectral characteristic of the light
source and the response characteristic of the camera are
unknown.

[0019] An embodiment of the invention can provide a cali-
bration apparatus for obtaining a full reflectance spectrum of
a surface that includes: an image obtainment unit, in which a
lighting device and a camera are mounted; and a calibration
unit, in which an insertion hole is formed for inserting the
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image obtainment unit, and in which a reference-object secur-
ing unit is provided that has a reference object with a known
full reflectance spectrum of a surface secured thereto, where
the calibration unit can be closed at all sides when the image
obtainment unit is inserted, and the image obtainment unit
can obtain multiple images with at least one of the illumi-
nance and the color of the lighting device changed.

[0020] The reference-object securing unit may be attach-
able and detachable with respect to the calibration unit.

[0021] The multiple number of images obtained at the
image obtainment unit can be used to calculate a light source
spectrum characteristic and camera response characteristic
combination value.

[0022] By providing a full reflectance spectrum of a surface
obtainment method and an apparatus therefor according to an
embodiment of the invention, a full reflectance spectrum of a
surface can be obtained even when the spectral characteristic
of the light source and the response characteristic of the
camera are unknown.

[0023] Because of'this, an embodiment of the invention can
effectively and accurately obtain a full reflectance spectrum
of a surface by photographing multiple objects with known
reflection spectra in a given lighting environment and using
the information thus obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.1 is a block diagram schematically illustrating
the composition of a system for obtaining a full reflectance
spectrum of a surface according to an embodiment of the
invention.

[0025] FIG. 2 is a block diagram illustrating the composi-
tion of a full reflectance spectrum of a surface obtainment
apparatus according to an embodiment of the invention.

[0026] FIG. 3 is a flowchart illustrating a method for
obtaining a full reflectance spectrum of a surface according to
an embodiment of the invention.

[0027] FIG. 4 illustrates the external structure of a calibra-
tion apparatus for obtaining a full reflectance spectrum of a
surface according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] As the present invention allows for various changes
and numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. However, this is not intended to limit the
present invention to particular modes of practice, and it is to
be appreciated that all changes, equivalents, and substitutes
that do not depart from the spirit and technical scope of the
present invention are encompassed in the present invention.
In describing the drawings, like reference numerals are used
for like elements.

[0029] The present invention relates to obtaining a full
reflectance spectrum of a surface when the spectrum charac-
teristic of the light source and the response characteristic of
the camera are unknown. The invention entails photograph-
ing several objects in a given lighting environment where the
full reflection spectra of the objects are known, using the
known full reflection spectra to derive the combined result of
the spectrum characteristic of the light source and the
response characteristic of the camera, and then using this to
obtain the full reflectance spectrum of a surface for another
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object. Certain embodiments of the invention are described
below in more detail with reference to the accompanying
drawings.

[0030] FIG. 1 is a block diagram schematically illustrating
the composition of a system for obtaining a full reflectance
spectrum of a surface according to an embodiment of the
invention.

[0031] Referring to FIG. 1, asystem 100 for obtaining a full
reflectance spectrum of a surface according to an embodi-
ment of the invention may include a lighting array 110, a
camera 120, a controller 130, and a full reflectance spectrum
of a surface obtainment apparatus 140. In FIG. 1, it is sup-
posed that the full reflectance spectrum of a surface obtain-
ment apparatus 140 is included in the system as a separate and
individual independent component, but the full reflectance
spectrum of a surface obtainment apparatus 140 can also be
included as a signal processing module serving as a compo-
nent in the camera 120.

[0032] The lighting array 110 may include an n (natural
number) number of light sources. The lighting array 110 can
irradiate light onto a target object in a desired lighting envi-
ronment by deciding which of the n light sources to turn on or
off according to the control from the controller 130.

[0033] The camera 120 may be a means for obtaining
images by photographing a target object. For example, the
camera 120 can obtain an image by photograph a target object
onto which light is irradiated according to a particular light-
ing environment that is provided according to the control of
the controller 130. Here, the camera 120 can be a typical
camera for photographing RGB images.

[0034] The controller 130 may be a means for controlling
the lighting array 110 and the camera 120.

[0035] For example, the controller 130 can output a control
signal to the lighting array 110, with the control signal indi-
cating on or off patterns for the respective light sources
included in the lighting array 110, so that the lighting array
110 can irradiate light onto the target object according to a
particular lighting environment. Correspondingly, the light-
ing array 110 can determine the on or off patterns of the light
sources according to the control signal of the controller 130
and can irradiate light onto the target object to be suitable for
the particular lighting environment.

[0036] Also, the controller 130 can control the camera 120
such that, after light is irradiated via the lighting array 110
onto the target object, the camera 120 photographs a multiple
number of target objects to obtain images. Here, there can be
a single camera 120 or a multiple number of cameras 120.
Accordingly, the controller 130 can output synchronized con-
trol signals to the camera 120, and the camera 120 can obtain
images by photographing a multiple number of target objects
in accordance with the synchronized control signals of the
controller 130.

[0037] The full reflectance spectrum of a surface obtain-
ment apparatus 140 may be a means for obtaining a full
reflectance spectrum of a surface for a target object.

[0038] Generally, a photographed image can be repre-
sented by using the full reflectance spectrum of a surface of
the object, camera response characteristic, and light source
spectrum characteristic. This can be expressed mathemati-
cally as Equation 1 shown below.

I=[s(MNe,(Np(MdM.
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[0039] Here, s(A) represents the full reflectance spectrum of
asurface, ¢, (M) represents the camera response characteristic,
and p,,(A) represents the light source spectrum characteristic.
[0040] If the camera response characteristic and light
source spectrum characteristic can be found for a photo-
graphed image, the full reflectance spectrum of a surface for
an object can be obtained by using Equation 1 above.

[0041] However, finding the camera response characteristic
and the light source spectrum characteristic individually can
be difficult, and measurements may yield highly inaccurate
results.

[0042] Therefore, a full reflectance spectrum of a surface
obtainment apparatus 140 according to an embodiment of the
invention can photograph a reference object of which the full
reflectance spectrum of a surface is known, calculate a com-
bination value of the combined effect of the camera response
characteristic and the light source spectrum characteristic,
and then use the combination value to obtain a full reflectance
spectrum of a surface for an image taken of another photo-
graphed object. Here, the combination value of the camera
response characteristic and light source spectrum character-
istic may be a product of multiplying the camera response
characteristic with the light source spectrum characteristic.
[0043] That is, the full reflectance spectrum of a surface
obtainment apparatus 140 can photograph a reference object
of which the full reflectance spectrum of a surface is known,
use the known full reflectance spectrum of a surface to first
calculate the camera response characteristic, the light
source’s spectrum characteristic, and the variables forming a
coefficient for the basis function, and then use these to obtain
the full reflectance spectrum of a surface for another target
object of which the full reflectance spectrum of a surface is
not known.

[0044] In Equation 1, the full reflectance spectrum of a
surface s(A\) can be represented as the sum of multiple num-
bers of spectrum basis functions b,(A) and weights o,. This
can be expressed as Equation 2 below.

K
SO =" Tl

k=1

[0045] Here, K, represents the number of basis functions.
[0046] According to an embodiment of the invention, a
basis function for the full reflectance spectrum of a surface
can be composed by finding the eigenvectors of the correla-
tion matrix from the reflection spectra ot 1,257 Munsell color
chips. As this is known to those skilled in the art, it will not be
described here in further detail.

[0047] By substituting the full reflectance spectrum of a
surface equation expressed as Equation 2 into Equation 1,
Equation 1 can be expressed as Equation 3 shown below.

Ks
=Y o f B em(Vp, VA
k=1

[0048] As canbe seen from Equations 1 to 3, the full reflec-
tance spectrum of a surface can be obtained by determining a
light source spectrum characteristic and camera response
characteristic combination value. In obtaining the full reflec-
tance spectrum of a surface of an image, it can be difficult to
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measure the response characteristic of the camera and the
spectrum characteristic of the light source individually. How-
ever, the full reflectance spectrum of a surface for each object
can be obtained relatively easily, compared to other charac-
teristics, by using a spectroradiometer, etc.

[0049] Therefore, in obtaining the full reflectance spectrum
of a surface, the resultant values of the remaining required
variables other than the full reflectance spectrum of a surface
in the form of a coefficient can first be obtained, after which
these resultant values can be used to obtain the full reflectance
spectrum of a surface for another object.

[0050] This can be expressed as Equation 4 shown below.
Sl (WP (WM.
[0051] Theresultant values ofthe remaining variables other

than the full reflectance spectrum of a surface, calculated in
the form of a coefficient for obtaining the full reflectance
spectrum of a surface as in Equation 4, can be substituted into
Equation 3, whereby Equation 3 can be expressed in the form
of'a matrix equation as Equation 5 shown below.

Fo=I

[0052] Ifit is supposed in Equation 5 that the full reflec-
tance spectrum of a surface of an object is known, then due to
the orthogonality between the basis function b, () and the full
reflectance spectrum of a surface s(A), the weight o, for the
basis function of a target object can be expressed as Equation
6 shown below.

0 =fs(Wb(Ndh, for k=1, . .. K,

[0053] Thus, the full reflectance spectrum of a surface
obtainment apparatus 140 can use the known full reflectance
spectrum of a surface of an object to calculate the weight for
the basis function of the full reflectance spectrum of a surface
of'the object. Then, the full reflectance spectrum of a surface
obtainment apparatus can derive the weights o, of an R num-
ber of basis functions to calculate the light source spectrum
characteristic and camera response characteristic combina-
tion value.

[0054] For example, if the weights o, of R basis functions
are known, then Equation 3 can be expressed as Equation 7
shown below.

\Imn,l ] Ol e Lk [ fmd
Lon,R TRL - ORK, || Sk,
[0055] Here,n (=1,...,N) represents each light source, m
(=1, ...,M)represents each camera, R represents the number

of'objects of which the full reflection spectra are known, and
K, represents the number of basis functions.

[0056] Accordingly, if the number of reflection spectra of
objects R is greater than the number of light sources N and the
number of channels of the camera M, then the above can be
used to derive the light source spectrum characteristic and
camera response characteristic combination value. This light
source spectrum characteristic and camera response charac-
teristic combination value represents values that are fixed as
long as neither the camera and lens nor the light sources are
changed.

[0057] Thus, the full reflectance spectrum of a surface
obtainment apparatus 140 can find the resultant values for the
remaining variables other than the full reflectance spectrum
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of a surface in the form of a coefficient (e.g. the light source
spectrum characteristic and camera response characteristic
combination value) by using several objects of which the full
reflection spectra are known, without measuring the spectrum
characteristic of the light source and the response character-
istic of the camera individually, to obtain the full reflectance
spectrum of a surface of a target object.

[0058] FIG. 2 is a block diagram illustrating the composi-
tion of a full reflectance spectrum of a surface obtainment
apparatus according to an embodiment of the invention.
[0059] Referring to FIG. 2, a full reflectance spectrum of a
surface obtainment apparatus 140 according to an embodi-
ment of the invention may include an image obtainment unit
210, a first calculation unit 220, and a second calculation unit
230.

[0060] The image obtainment unit 210 may be a means for
obtaining or receiving an image of a photographed object.
[0061] The first calculation unit 220 may be a means for
calculating the light source spectrum characteristic and cam-
era response characteristic combination value for a test image
obtained via the image obtainment unit 210, by using a known
full reflectance spectrum of a surface.

[0062] The method of calculating the light source spectrum
characteristic and camera response characteristic combina-
tion value may be the same as that described above with
reference to FIG. 1 and thus will not be described here in
further detail.

[0063] The second calculation unit 230 may serve to cal-
culate the full reflectance spectrum of a surface for a target
object by using the light source spectrum characteristic and
camera response characteristic combination value calculated
by the first calculation unit 220. The method of calculating the
full reflectance spectrum of a surface for the target object by
using the light source spectrum characteristic and camera
response characteristic combination value in the photo-
graphed image of the target object the same as that described
above with reference to FIG. 1 and thus will not be described
here in further detail.

[0064] FIG. 3 is a flowchart illustrating a method for
obtaining a full reflectance spectrum of a surface according to
an embodiment of the invention. The full reflectance spec-
trum of a surface obtainment apparatus described as follows
can be a camera or can be a separate component independent
of a camera.

[0065] In operation 310, the full reflectance spectrum of a
surface obtainment apparatus may obtain an image by pho-
tographing a reference object that is irradiated with light
according to a predetermined lighting environment. Here, the
reference object represents an object of which the full reflec-
tance spectrum of a surface is known. In another example, the
full reflectance spectrum of a surface for the reference object
can also be measured separately by using a spectroradiom-
eter.

[0066] In operation 315, the full reflectance spectrum of a
surface obtainment apparatus may calculate the light source
spectrum characteristic and camera response characteristic
combination value by using the known full reflectance spec-
trum of a surface of the reference object. As already described
above, the light source spectrum characteristic and camera
response characteristic combination value can be a product of
multiplying the light source spectrum characteristic and the
camera response characteristic.

[0067] For example, the full reflectance spectrum of a sur-
face obtainment apparatus can calculate the basis function for

Apr. 21, 2016

the full reflectance spectrum of a surface by using known
basis functions for objects with known full reflection spectra.
As described above, the basis function for the full reflectance
spectrum of a surface can be composed by finding the eigen-
vectors of the correlation matrix from the reflection spectra of
1,257 Munsell color chips.

[0068] When the weights for the basis functions for the full
reflection spectra are calculated, the full reflectance spectrum
of a surface obtainment apparatus can use the weights of the
basis functions to calculate the light source spectrum charac-
teristic and camera response characteristic combination
value. For example, the full reflectance spectrum of a surface
obtainment apparatus 100 can calculate the light source spec-
trum characteristic and camera response characteristic com-
bination value by substituting the weights for the basis func-
tions for the full reflection spectra of objects into Equation 7.
[0069] In operation 320, the full reflectance spectrum of a
surface obtainment apparatus may obtain an image by pho-
tographing the target object of which the full reflectance
spectrum of a surface is desired.

[0070] In operation 325, the full reflectance spectrum of a
surface obtainment apparatus may obtain the full reflectance
spectrum of a surface for the target object from the photo-
graphed image of the target object by using the calculated
light source spectrum characteristic and camera response
characteristic combination value.

[0071] FIG. 4 illustrates the external structure of a calibra-
tion apparatus for obtaining a full reflectance spectrum of a
surface according to an embodiment of the invention.

[0072] Referring to FIG. 4, the calibration apparatus for
obtaining a full reflectance spectrum of a surface according to
an embodiment of the invention may include a calibration
unit 400 and an image obtainment unit 410.

[0073] The calibration unit 400 may serve to perform cali-
bration for obtaining the light source spectrum characteristic
and camera response characteristic combination value, and
the image obtainment unit 410 may serve to obtain the images
needed for later computing the light source spectrum charac-
teristic and camera response characteristic combination value
and the full reflectance spectrum of a surface.

[0074] Aninsertion hole 480 may be formed in the calibra-
tion unit 400, and the image obtainment unit 410 may be
inserted into the calibration unit 400 through the insertion
hole 480.

[0075] At the end portion of the image obtainment unit 410
that is inserted into the calibration unit 400, a lighting device
440 and a camera 450 may be coupled.

[0076] A hollow space may be formed in the calibration
unit 400, and when the image obtainment unit 410 is coupled,
the inside of the calibration unit 400 may be put in a state
analogous to a dark room. A reference-object securing unit
420 may be provided at the opposite side of the insertion hole
480, and a reference object 430 may be secured to the refer-
ence-object securing unit 420. Here, a reference object 430
refers to an object of which the full reflectance spectrum of a
surface is known, and a color chart, for example, can be
included for the reference object.

[0077] The calibration unit 400 may preferably have a
structure that allows the reference-object securing unit 420 to
be inserted and be attachable and detachable. With such a
structure, it would be possible to exchange the reference
object as needed.

[0078] While the image obtainment unit 410 is inserted
within the calibration unit 400, the camera 450 may obtain an
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image of'the reference object 430, and the lighting device 440
may provide lighting for obtaining the image. Since multiple
images may be obtained for obtaining the light source spec-
trum characteristic and camera response characteristic com-
bination value, it may be preferable for the lighting device
440 to provide various types of lighting with different illumi-
nance levels or colors.

[0079] Although FIG. 4 illustrates the lighting device 440
and the camera 450 as being coupled to a distal end of the
image obtainment unit 410 and exposed, it should be apparent
to those skilled in the art that the lighting device 440 and the
camera 450 can also be embedded inside the image obtain-
ment unit 410, with cables that join thereto exposed outside
the image obtainment unit 410 to obtain the images and
provide lighting.

[0080] Inoneexample, several lamps with different illumi-
nances and colors can be included in the lighting device 440.
In other examples, several lighting devices 440 can also
include a separate controller that allows adjustments to the
illuminance or color.

[0081] The camera may obtain several images under vari-
ous lighting conditions, after which the light source spectrum
characteristic and camera response characteristic combina-
tion value may be obtained by using the images obtained at
the image obtainment unit 410 and the known full reflectance
spectrum of a surface of the reference object 430. The light
source spectrum characteristic and camera response charac-
teristic combination value can be computed directly at the
image obtainment unit 410 and can also be computed using a
different computing device.

[0082] The light source spectrum characteristic and camera
response characteristic combination value thus obtained can
be used to obtain the full reflectance spectrum of a surface for
the target object.

[0083] FIG.4 is described above focusing on an example in
which the environment for measuring the spectrum reflection
characteristic is an environment that has no lighting (e.g.in a
dark room state). In another example, when the full reflec-
tance spectrum of a surface for the target object is desired in
a normal lighting environment, a difference image can be
derived between an image photographed while applying the
lighting of the calibration apparatus to the target object and an
image photographed with the lighting turned off, and the full
reflectance spectrum of a surface for the target object can be
found by using the difference image thus derived and the light
source spectrum characteristic and camera response charac-
teristic combination value derived previously. That is, in the
case of a normal lighting environment, a difference image
between an image photographed with the lighting of the cali-
bration apparatus applied on the target object and an image
photographed with the lighting turned off can be derived, so
that the light source spectrum characteristic and camera
response characteristic combination value, which was
derived previously with ambient light removed, can be used to
provide the full reflectance spectrum of a surface for the target
object. Here, the previously derived light source spectrum
characteristic and camera response characteristic combina-
tion value may be a value that is obtained using several images
which were obtained with lighting provided to the reference
object 430 in a dark room state (i.e. while the calibration unit
400 is inserted in the calibration apparatus).

[0084] For example, suppose that the full reflectance spec-
trum of a surface for a target object is to be derived based on
the light source spectrum characteristic and camera response
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characteristic combination value derived using images
obtained with lighting provided onto the reference object 430
from two lighting devices. Here, suppose that the light source
spectrum characteristic and camera response characteristic
combination value was calculated using the images obtained
by applying lighting on the reference object 430 in a dark
room state. The calibration apparatus can obtain a first image
in which there is no lighting applied on the target object for
which the full reflectance spectrum of a surface is desired,
obtain a second image in which a first lighting is applied by
the calibration apparatus, and obtain a third image in which a
second lighting is applied by the calibration apparatus.
[0085] The calibration apparatus can acquire a difference
image (hereinafter referred to as the first difference image)
between the first image and the second image to remove the
ambient light, and can acquire a difference image (hereinafter
referred to as the second difference image) between the first
image and the third image to remove the ambient light. Then,
the calibration apparatus can find the full reflectance spec-
trum of a surface for the target object by using the first
difference image, the second difference image, and the light
source spectrum characteristic and camera response charac-
teristic combination value derived previously in a dark room
state. In this way, in a normal lighting environment in which
ambient light is present, the ambient light can be removed by
acquiring a difference image between an image obtained with
the lighting device of the calibration apparatus turned off and
an image obtained with the lighting device of the calibration
apparatus turned on, thereby providing the same effect as
obtaining an image of the target object in a dark room state.
[0086] While the present invention has been described
aboveusing particular examples, including specific elements,
by way of limited embodiments and drawings, it is to be
appreciated that these are provided merely to aid the overall
understanding of the present invention, the present invention
is not to be limited to the embodiments above, and various
modifications and alterations can be made from the disclo-
sures above by a person having ordinary skill in the technical
field to which the present invention pertains. Therefore, the
spirit of the present invention must not be limited to the
embodiments described herein, and the scope of the present
invention must be regarded as encompassing not only the
claims set forth below, but also their equivalents and varia-
tions.

What is claimed is:

1. A full reflectance spectrum of a surface obtainment

method comprising:

(a) calculating a light source spectrum characteristic and
camera response characteristic combination value from
a photographed image of a reference object having a
known full reflectance spectrum of a surface by using the
known full reflectance spectrum of a surface;

(b) obtaining an image by photographing an object irradi-
ated with light according to a predetermined lighting
environment; and

(c) obtaining a full reflectance spectrum of a surface for the
object by using the light source spectrum characteristic
and camera response characteristic combination value.

2. The full reflectance spectrum of a surface obtainment

method of claim 1, wherein the light source spectrum char-
acteristic and camera response characteristic combination
value is a result of multiplying a camera response character-
istic value and a spectrum characteristic value of a light
source.
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3. The full reflectance spectrum of a surface obtainment
method of claim 1, wherein said step (a) comprises:
calculating a weight for a known basis function for the
known full reflectance spectrum of'a surface by using the
known full reflectance spectrum of a surface and the
known basis function; and
obtaining the light source spectrum characteristic and cam-
era response characteristic combination value by using
the weight for the known basis function.
4. The full reflectance spectrum of a surface obtainment
method of claim 3, wherein the weight for the basis function
is calculated by using an equation shown below:

0 =fs(Wb(Wdh, for k=1, . . . K,

where K, is a number of basis functions, s(A) represents the
full reflectance spectrum of a surface of the object, and
b,(}) represents a basis function of the full reflectance
spectrum of a surface of the object.

5. The full reflectance spectrum of a surface obtainment
method of claim 1, wherein camera conditions for a camera
photographing the image and lighting conditions are the same
in said step (a) and said step (b), and

the camera conditions entail the same camera and lens.

6. A calibration apparatus for obtaining a full reflectance
spectrum of a surface, the calibration apparatus comprising:

an image obtainment unit having a lighting device and a

camera mounted therein; and

a calibration unit having an insertion hole formed therein

for inserting the image obtainment unit, the calibration
unit having a reference-object securing unit therein, the
reference-object securing unit having a reference object
with a known full reflectance spectrum of a surface
secured thereto,

wherein the calibration unit is closed at all sides when the

image obtainment unit is inserted, and

the image obtainment unit obtains a plurality of images

with at least one of an illuminance and a color of the
lighting device changed.
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7. The calibration apparatus of claim 6, wherein the refer-
ence-object securing unit is attachable and detachable with
respect to the calibration unit.

8. The calibration apparatus of claim 6, wherein a light
source spectrum characteristic and camera response charac-
teristic combination value is calculated using the plurality of
images obtained at the image obtainment unit.

9. A method of obtaining images in a calibration apparatus,
the calibration apparatus comprising an image obtainment
unit having a lighting device and a camera mounted therein
and a calibration unit having a reference object with a known
full reflectance spectrum of a surface mounted therein, the
method comprising:

closing off an inside of the calibration unit where the ref-

erence object is adhered by coupling the image obtain-
ment unit with the calibration unit; and

obtaining a plurality of images of the reference object by

altering the lighting device.

10. The method of claim 9, wherein a light source spectrum
characteristic and camera response characteristic combina-
tion value is calculated using the plurality of images, and

an image of a target object is obtained using the camera of

the image obtainment unit while the calibration unit is in
a detached state, and a full reflectance spectrum of a
surface of the target object is computed by using the
image of the target object and the light source spectrum
characteristic and camera response characteristic com-
bination value.

11. The method of claim 10, further comprising:

obtaining an image of the target object while the lighting

device is off,

wherein a difference image is derived between the image

obtained of the target object while the lighting device is
off and an image obtained of the target object with the
lighting device altered, the full reflectance spectrum of a
surface of the target object is computed by using the
difference image and the light source spectrum charac-
teristic and camera response characteristic combination
value.



