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Regional Image Analysis of the Tongue Color Spectrum
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Abstract Purpose Kampo medicine (Japanese tradi-
tional herbal medicine) can identify “Mibyou” (disease-
oriented state) based on visual tongue inspection by
a trained physician. Surface colors of uncoated tongue
provide essential features. A hyperspectral imaging sys-
tem which performs regional image analysis of the
tongue color spectrum was developed to automatically
inspect the uncoated tongue.

Methods Hyperspectral tongue surface images were
acquired by a camera equipped with an integrating
sphere. The color spectrum from 4 tongue areas — un-
coated tongue, coated tongue, lip, and perioral areas
— were quantified. The average spectrum of each area
was determined and 4 images calculated by focusing
on the differences between respective spectra; highlight,
shadow, tongue coat, and lip-weighted images were cal-
culated. The uncoated tongue area was extracted by
subtraction.
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Results Reproducibility was evaluated by applying
the camera and extraction algorithm to 44 images from
human subjects. 82% were judged as acceptable by a
Kampo medicine physician expert.

Conclusions Using a hyperspectral camera and ex-
traction algorithm, the tongue color of the uncoated
part was automatically extracted. This technique is
suitable for tongue color analysis and may help non-
trained users to identify “Mibyou”.

Keywords Hyperspectral imaging - Regional image
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1 Introduction

As an essential factor in visual examination, the ap-
pearance of tongue and face, mainly in terms of color,
contains a lot of useful information for medical diagno-
sis [1]. However, inspection of tongue and face is not
considered to be important in modern medical diagno-
sis, since it does not contain much objective informa-
tion. In Kampo medicine (Japanese traditional herbal
medicine), inspection of the face and tongue is one of
the principal methods for diagnosis. By assessing the
patient’s complexion of the tongue, for example, we
are able to assess the degree of mental stress, anemia
and the Oketsu status (blood stagnation: one of the
important pathological criteria in Kampo medicine).
However, these visual examinations have not been ap-
proved as an objective factor because the skills applied
in the examination are difficult to understand. This con-
dition represents an obstacle for Kampo medicine to at-
tain recognition in modern medicine. Development of a
useful imaging system for the quantitative analysis of
the tongue for removing this obstacle has been eagerly



awaited, as it was difficult to find quantitative informa-
tion of the tongue by conventional RGB image.

Additionally, Kampo medicine contains a number
of concepts useful for preventive medicine. For example,
“Mibyou” (disease-oriented state: not a disease, but can
easily become one if no cure is applied; contains Oketsu
status) is one of the most important concepts for pre-
serving health and preventing illnesses from developing
by the early recognition of signs of abnormalities and
their treatment. Thus, it can also be useful for modern
preventive medicine, but these concepts are neverthe-
less difficult to disseminate widely, since the skills in
the diagnosis of Kampo medicine have been thought
to require great experience in the traditional examina-
tion, such as tongue inspection, pulse diagnosis and/or
abdominal palpation, and nothing is thought to be sub-
stitutable for experience.

In the methods used up to now, segmentation of the
whole tongue was performed with 3-dimensional color
spaces [2-8]. In those methods, image contrast was en-
hanced by the Sobel operator and the edge of the tongue
was traced using various algorithms. The whole tongue
could be segmented clearly, but elimination of the coat-
ing was not the focus, and it was difficult to analyze the
color properties of the tongue since the color space is
a three-dimensional space such as RGB or CIE 1976
L*a*b* Moreover, these algorithms have good perfor-
mance only in certain restricted images containing high-
light and shadow, since the efficiency of the Sobel oper-
ator is dependent on the image contrast. Although high-
light and shadow make the margin of each facial area,
they tend to eclipse color information because high-
lights, mainly composed of specular reflection, show
the color property of the light source, and the dynamic
range of the color is not high enough in shadow. Tongue
color recognition with a tongue color database has also
been reported [9, 10]. By these methods, tongue areas
are separated clearly, but the database was created on
the empirical diagnostic method of traditional Chinese
medicine, and thus we need new information free from
subjective inspection.

The hyperspectral imaging system has been used
for the tongue before [11-14]. In those reports, hyper-
spectral imaging was focused, but elimination of spec-
ular reflection, which eclipses color information, was
not considered. Also, tongue area recognition was per-
formed with hyperspectral images using a database cre-
ated in an empirical manner [15]. In contrast, we have
shown the correlation between “Oketsu” and spectral
properties of tongue color, which is not dependent on a
database [16].

As long as highlight elimination is not considered,
whole tongue extraction is not difficult. An example is
shown in Fig. 1.

(b) (c)

Fig. 1 Example of whole tongue extraction of image with high-
light

Whole tongue extraction is performed for the image with high-
light. The tongue was illuminated with a light emitting diode
from a 45-degree elevated angle to sharpen the tongue edge. (a):
Original RGB image. (b): Binary image built from R channel. R
channel was selected because luminance of the uncoated tongue
region and coated tongue region differs less in R channel. (c): The
connected area was selected from the central point of the picture.

It was shown that the whole tongue could be ex-
tracted easily by using the image with specular reflec-
tions. However, these methods were not applicable for
images showing the actual color without specular re-
flections by our system. It was necessary to develop a
new algorithm to extract the tongue area since most of
the specular reflection and shadow were eliminated by
the system.

Therefore, in this article, we propose an automatic
hyperspectral image processing method to extract the
uncoated tongue area for the clinical inspection of
Kampo medicine, using the hyperspectral imaging sys-
tem to remove most of the specular reflex and shadow.
The hyperspectral images were taken by imaging sys-
tem using an integrating sphere to eliminate specu-
lar reflection artifacts. Spectral information on the un-
coated tongue area, coated tongue area, lip area and
perioral area were sampled from the hyperspectral im-
age, and the sampled information was analyzed to con-
struct the automatic extraction algorithm for the un-
coated tongue area. The algorithm thusly constructed
was applied to 44 images to confirm its performance.

2 Hyperspectral Imaging System

To reduce specular reflection, we tried 3 illumination
systems, two light sources from 45°, two crossed polar-
izers in front of the camera and the light source, and
an integrating sphere (Fig. 2, Table 1). An Integrating
sphere is an optical component consisting of a hollow
cavity with its interior coated for high diffuse reflectiv-
ity. Light rays incident on any point on the inner sur-
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Fig. 2 Comparison of illuminations

(a): two light sources from 45°, (b): two crossed polarizers in front
of the light source and the camera, (c): integrating sphere. RGB
digital camera is used to show images.

Cost Size
(dollar) (cm)

Light Light
intensity | decrease

Two 45° lamps 0 140x15x40| High —
Crossed polarizers 50 80x15x40 | Medium —
Integrating sphere | 200 90x60x80 | Medium +

Table 1 Comparison of illuminations

Approximate cost of the system in dollar (camera and lamp ex-
cluded), size of the system (width x height x depth, PC and
supporting pole excluded, core component size when equipped
with the hyperspectral camera), light intensity on tongue, and
presence of light decrease between tongue and camera are shown.
Note that from 45° requires two lamps, and polarizer and inte-
grating sphere require one lamp; the artificial sunlight lamp is
approximately 2,200 dollars.

face are, by multiple scattering reflections, distributed
equally to all other such points and effects of the orig-
inal direction of such light are minimized. Crossed po-
larizers and an integrating sphere showed good reduc-
tion. Cost and size is an advantage of crossed polarizer,
but polarizer in front of a camera decreased the light
intensity emitted from tongue. Tongue showed tempo-
ral color change under dry air and heat, and thus we
selected an integrating sphere for illumination.

The spectral imaging system is illustrated in Fig. 3.

An artificial sunlight lamp (XC-100A, SERIC LTD.,
Tokyo, Japan) was utilized as the light source. The in-
tegrating sphere (60-cm diameter, made of styrofoam,
painted matte white with identical reflectance between
400-800 nm) provided diffuse illumination to eliminate
artifacts from specular reflections.

A hyperspectral camera (Hyper Spectrum Camera:
HSC1700, Hokkaido Satellite Corp., Hokkaido, Japan)
was used for data collection. The camera features a
spectral range of 400-800 nm containing 81 bands of 5-
nm resolution. It is equipped with transmission grating
and an array sensor with an 8-bit monochrome CCD
camera with 480x640 pixels. The optical instrument
contains both a spectrometer and a scanning mecha-
nism using an internal digital servo-motor. The cam-
era is capable of taking a hyperspectral image every
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Hyperspectral camera

& Integrating sphere
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(a) Schematic diagram of the system

(b) Photograph of the system
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(c) Schematic diagram of integrating sphere

Fig. 3 Hyperspectral imaging system for the face

(a): schematic diagram of the system. (b): photograph of the
system. PC-controlled hyperspectral camera, artificial sunlight
lamp and integrating sphere are shown. (C): schematic diagram
of an integrating sphere. Interior surface of the sphere is coated for
high diffuse reflectivity. Incident light lays are distributed equally
by multiple scattering reflections; baffle is a light barrier used to
prevent direct illumination.



16 seconds as full-sized image. Acquired data are then
normalized as spectral reflectance; it was calculated at
respective pixels as the ratio of the spectral distribution
divided by that of the diffuse reflection standard (White
Calibration Plate CS-A5, KONICA MINOLTA HOLD-
INGS, INC., Tokyo, Japan). In comparison with the
multi-band camera equipped with color filters, detailed
spectral data are acquired, and the resulting spectrum
is resistant to motion artifacts because the camera is
part of a line-scan system and all the spectra of one
pixel are acquired in parallel.

Forty-four hyperspectral images were acquired from
30 healthy subjects, all male Mongoloids aged 27.9+7.6
years (21-51 years). The images were taken with enough
intervals (over 1 month) to allow the tongue appearance
to change. In case tongue appearance changed with
time, images were taken immediately after the tongue
was extended; it took only two seconds for scanning the
whole tongue data, and most of the specular reflection
was eliminated.

3 Analysis of Hyperspectral Image

Nine hyperspectral images were randomly selected from
44 images and directed to this analysis. For each hyper-
spectral image, 20 small areas were picked manually,
5 small areas each from 4 tongue areas — uncoated
tongue area, coated tongue area, lip area and perioral
area — as shown in Fig. 4.
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O Lip area

O Perioral area

Fig. 4 Schematic diagram of tongue and peripheral area

Small area of each facial area; blue circle: uncoated tongue area,
red circle: coated tongue area, yellow circle: lip area, green circle:
perioral area. These small areas were selected manually.

Fifty pixels comprised each small area, and the aver-
age spectrum was calculated as the representative spec-
tral reflectance of the small area. From 9 persons, a total
of 45 small areas were picked from each facial area. The
average spectra of 4 facial areas are shown in Fig. 5(a).

The average spectrum of the uncoated tongue area
was compared with that of other areas. The spectrum of
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Fig. 5 Spectral reflectance of each face area and differences be-
tween areas

(a): Spectral reflectance of 4 facial areas; blue line: uncoated
tongue area, red line: coated tongue area, green line: lip area,
purple line: peripheral area. (b): Significance of difference. Sig-
nificance of differences between uncoated tongue area and other
areas is shown. Each p-value was calculated against the spectral
reflectance of uncoated area at the same wavelength with Welch’s
t-test. Note that p-values are shown on the reverted logarithm
axis.

the coated tongue area was similar between 600-800 nm
(orange-infrared) and different between 400-600 nm
(violet—yellow). The spectrum of the lip area was sim-
ilar between 400-650 nm (almost whole visible range)
and different between 650-800 nm (red—infrared). The
spectrum of the perioral area was different between al-
most all wavelengths, from 400 to 800 nm.

These differences between the uncoated tongue area
and other facial areas were evaluated statistically by
Welch’s t-test [17], since the variance of every two re-
spective samples were assumed not to be equal by F-
test. The test statistics of Welch’s ¢ are as follows:
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where T,:, denotes the average of spectral reflectance
at a certain wavelength of 45 small areas from the un-
coated tongue area, T,, denotes that of other areas,
S2,. denotes the variance of spectral reflectance at a
certain wavelength of 45 small areas from the uncoated
tongue area, S2, denotes that of other areas, and n;
and ng denote the number of samples (n; = ny = 45).
For statistical analysis, the degree of freedom df is cal-
culated as follows:
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In this study, one-sided hypothesis tests were per-
formed.

The p-value was deduced from the ¢ distribution ta-
ble as probability [17]. The p-values, uncoated tongue
area against other areas, were calculated for all wave-
lengths and shown in Fig. 5(b) on the reverted log-
arithm axis. The p-value is the probability that two
groups of samples are subgroups from the same pop-
ulation, and a small p-value means that the result is
highly statistically significant. In other words, a smaller
p-value is a larger spectral difference. In the coated
tongue area, significance was highest around 570 nm,
in the lip area the highest was over 700 nm, and in the
perioral area the highest was both around 570 nm and
over 700 nm.

Based on the above results, we performed extrac-
tion of the uncoated tongue area in 4 steps as shown in
Fig. 6: 1) highlight elimination, 2) shadow elimination,
3) tongue coat elimination, and 4) lip elimination. The
original hyperspectral image is shown in Fig. 7(a) as
RGB image, where R=620 nm, G=525 nm and B=450
nm.

3.1 Highlight elimination

As the first step, the highlighted area (wall of the inte-
grating sphere) was eliminated. To extract the grayscale
image at a certain wavelength, the spectral reflection at
a certain wavelength was extracted from each pixel and
normalized as an 8-bit value, with a maximum value
of 255 and a minimum value of 0. This first step was
performed using a 420-nm image, since the spectral re-
flectance of the face is lowest at about 420 nm, that is,
the difference of the spectra between face and highlight
was greatest at 420 nm (Fig. 7(b)’). The grayscale im-
age was converted into a black and white binary image,

Original image

Wall of the
integrating sphere

1) Highlight
elimination

]

420 nm image

2) Shadow
elimination

1
Q

700 nm image

3) Tongue coat
elimination

]

570-620 nm
subtracted image

4) Lip
elimination

1

690-635 nm
subtracted image

Resulting image

Fig. 6 Schematic diagram of uncoated tongue area extraction
Process of uncoated tongue area extraction is shown. Highlight,
shadow, tongue coat, and lip areas were eliminated sequentially
by 4 images, 420 nm image representing highlight, 700 nm im-
age representing shadow, 570—620 subtracted image representing
tongue coat mainly, and 690—635 subtracted image representing
lip area mainly. Subtracted image 570—620 nm indicates differ-
ence between 570 nm and 620 nm and subtracted image 690—635
nm indicates difference between 690 nm and 635 nm, respectively.
In 420 nm, 570—620 nm, and 690—635 nm images, inverted color
is shown to indicate the eliminated areas as the dark parts.
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Fig. 7 Example of uncoated tongue area extraction

Extraction process is shown. (a): Original image. (b), (b): 420
nm image; highlight is eliminated. (c), (c)’: 700 nm image; shadow
is eliminated. (d), (d)’: Subtracted image 570-620 nm, indicat-
ing difference between 570 nm and 620 nm; note that tongue
coating and perioral area are eliminated. (e), (e)’: Subtracted
image 690-635 nm, indicating difference between 690 nm and
635 nm; note that lip area is eliminated. (f): combined image;
extracted uncoated area. (b)—(e): black and white binary images
from grayscale images, threshold levels were set at 30% for (b),
(c), (d) and 50% for (e), respectively. In (b), (d), (e), white areas
show excluded areas, and in (c), dark area shows excluded area.
(b)’—(e)’: grayscale images calculated.

with a threshold level of 30% (Fig. 7(b)), and the white
area was defined as the highlight.

3.2 Shadow elimination

As the second step, the shadow area was eliminated.
This second step was performed with a 700-nm im-
age, since the spectral reflectance of the face is highest
at about 700 nm, that is, the difference of the spec-
tra between face and shadow was greatest at 700 nm
(Fig. 7(c)’). The grayscale image was converted into a
black and white binary image, with a threshold level of
30% (Fig. 7(c)), and the dark area was defined as the
shadow. Highlight image and shadow image were com-
bined and linear noise between highlight and shadow
was removed by one pixel of opening and closing.

3.3 Tongue coat elimination

As the third step, the coated tongue area was elim-
inated together with the perioral area. A subtracted
image was calculated to eliminate the other areas from
the uncoated tongue area. To calculate a subtracted
image, two images, minuend image and subtrahend im-
age, were calculated first. Each image was calculated as
the summation of three images, the wavelength image,
and £+ 5-nm image to decrease pixel noise. Then the
subtrahend image was multiplied following the ratio of

spectral reflectance of the uncoated tongue area at two
wavelengths, for minuend image and subtrahend image,
in order to equalize the contribution of the uncoated
tongue area in these two images as shown in Fig. 8.
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Fig. 8 Schematic representation of subtraction

This scheme represents the 690635 nm subtraction. The process
is represented with a continuous curve for clarity. (a): average
spectrum of uncoated tongue area. Us: summation of spectral
reflectance at 635 nm and + 5 nm, Um: summation of spectral
reflectance at 690 nm and £ 5 nm. (b): spectrum of each pixel.
Is: summation of spectral reflectance at 635 nm and + 5 nm, I'm:
summation of spectral reflectance at 690 nm and £ 5 nm.



After this process, contribution of the uncoated
tongue area could be eliminated. These processes are
written as follows:

SV = <1m ~ Un 1>

Us
n+1 n+1 (3)
(Un =D tny =) i, n—m,s> ,
n—1 n—1

where SV denotes the calculated subtracted value for
the subtracted image, u denotes the spectral reflectance
of the uncoated tongue area at a certain wavelength
band, i denotes the value of each pixel of the hyperspec-
tral image at a certain wavelength band, and subscripts
m and s denote the minuend wavelength and the sub-
trahend wavelength, n represents minuend/subtrahend
wavelength band, n—1 and n+1 represent the adjacent
bands at n — 5 nm and n + 5 nm, respectively. U and [
denote the summation of v and ¢ from n—1 to n+1, re-
spectively. U was calculated from the average spectrum
of uncoated tongue area, which is shown in Fig. 5. After
this subtraction, SV was normalized as an 8-bit value,
where the maximum value was 255 and the minimum
value was 0. This third step was performed by using the
image at 570 nm as a minuend image and at 620 nm
as a subtrahend image (subtracted image 570-620 nm,
Fig. 7(d)’). We selected 570 and 620 nm for the follow-
ing reason. As shown in Fig. 5(b), the coated tongue
area and perioral area were significantly different from
the uncoated tongue area at 570 nm. The coated tongue
area and lip area showed no significant differences from
the uncoated tongue area at 620 nm, and thus 620 nm
was selected as the control wavelength. The grayscale
image was converted into the black and white binary
image, with a threshold level of 30% (Fig. 7(d)), and
the white area was defined as the tongue coat area. The
coated tongue area was properly eliminated, but in this
step the lip area could not be distinguished from the un-
coated area. Most of the perioral area was eliminated.

3.4 Lip elimination

As the fourth step, the lip area was eliminated. The im-
age at 690 nm was selected as a minuend image and at
635 nm as a subtrahend image (subtracted image 690
635, Fig. 7(e)’). Although the lip area and perioral area
were significantly different from the uncoated tongue
area around 790 nm as shown in Fig. 5(b), we selected
690 nm because the noise increases much more when
the wavelength exceeds 700 nm. We selected 635 nm
because it showed better contrast than 620 nm in this
subtraction. The grayscale image was converted into a

black and white binary image, with a threshold level
of 50% (Fig. 7(e)), and the white area was defined as
the lip area. The lip area was properly eliminated. By
the latter 2 steps, almost all of the perioral area was
eliminated.

Finally, four binary images were processed and effec-
tively combined to obtain the binary uncoated area, and
one pixel of opening and closing was performed to re-
move the dot noise due to thresholding (Fig. 7(f)). The
performance of this algorithm was validated by apply-
ing it to 44 hyperspectral facial images (Fig. 9). This
algorithm was applied with the same threshold level
as in Fig. 7. The resulting image was then evaluated
by experienced physicians of Kampo medicine. Among
the 44 images, 36 (82%) were evaluated as “accept-
able” (Fig. 9(a)) and 8 (18%) were evaluated as “not
acceptable” (Fig. 9(b)), because lip was not properly
removed (Fig. 9(b)-1, 4), and tongue was over-removed
(Fig. 9(b)-1, 2).

Note that the difference of coating can be extracted
in acceptable cases. It was shown that the spectral prop-
erty is suitable for extracting the uncoated tongue area
automatically in most cases.

4 Discussion

Tongue area extraction and segmentation have been
previously performed using 3-dimensional color spaces,
such as RGB images [3-8]. In these methods, the tongue
could be extracted clearly, although elimination of the
coating was incomplete, and it was difficult to ana-
lyze the color properties of the tongue since the color
space was three-dimensional, such as RGB or CIE 1976
L*a*b* Moreover, these algorithms have good perfor-
mance only in restricted images that contain highlight
and shadow. Although highlight and shadow create the
margin of each facial area, they eclipse the color infor-
mation. It was necessary to develop a new algorithm to
extract the tongue area since most of the highlight and
shadow were eliminated by the system.

The hyperspectral imaging system has been used for
tongue segmentation free from a database [11, 13, 14].
Their method contains spectral angle mapper cube or
support vector machines for segmentation, which are
effective methods for whole tongue extraction. In con-
trast, our algorithm allowed us to extract the uncoated
tongue area. We suppose that segmentation free from
an empirical database would become more accurate
with a combination of these methods.

In this algorithm, the uncoated tongue area was ex-
tracted exactly in most cases by using the hyperspec-
tral camera, as the spectral property differs between



(a) Acceptable

LR el
IIIIIIIIIIIIIIII

h------------------

fememeeeeaeaaes COALNG (+) = e

3

N

B2
ol

—_—

-= Coating (-) - -

(b) Not acceptable

Fig. 9 Extraction of uncoated tongue region

The algorithm to extract uncoated tongue region was applied to 44 images. In each column, RGB image (R=620 nm, G=525 nm,
B=450), subtracted image 570-620 nm (tongue coat elimination), subtracted image 690-635 nm (lip elimination) and resulting image
are shown from the top. (a): Images classified into “Acceptable”, separated with or without coating. Note that tongue and quantity
of coating are properly extracted. (b): Images classified into “Not acceptable”. They are classified into 4 categories; 1: incomplete
lip elimination, 2: excess tongue in lip elimination, 3: excess tongue in tongue coat elimination, 4: unexpected tongue coat in lip
elimination.



respective facial parts: uncoated tongue area, coated
tongue area, lip area and perioral area. Employing this
algorithm, the color of the tongue area can be ana-
lyzed without the effect of coating. Furthermore, we can
analyze actual spectral properties of the tongue with-
out specular reflection by the system, as highlight and
shadow were eliminated by the imaging system with the
integrating sphere without any image processing. How-
ever, in some cases, elimination errors still remain. We
classified them into four categories: 1) incomplete lip
elimination (Fig. 9(b)-1), 2) excess tongue in lip elimi-
nation (Fig. 9(b)-2), 3) excess tongue in tongue coat
elimination (Fig. 9(b)-3), and 4) unexpected tongue
coat in lip elimination (Fig. 9(b)-4). The first error,
incomplete lip elimination, occurs when tongue color is
intact and lip color is scarlet with erosive change. This
error is expected to be corrected by taking shape into
account, such as by the Snake method or gradient vec-
tor flow method [4, 18]. The second error, excess tongue
in lip elimination, was observed when tongue color was
deep red. For elimination of this error, collecting hyper-
spectral tongue images of similar color and developing
another algorithm with other wavelength(s) is required.
The third error, excess tongue in tongue coat elimina-
tion, seems to be of edematous change of the tongue.
To solve this problem, more similar images are required.
The fourth error, unexpected tongue coat in lip elimi-
nation, occurs when tongue coating has a gray color. In
this case, lip was properly eliminated when the thresh-
old level was set at 30%. However, in order to obtain
acceptable results for all the images, if all the variations
of the tongue are taken into consideration, the uncoated
tongue area could be properly extracted in most cases.
More improvement is needed, as tongue color variety
should not be so large as to change the performance of
the algorithm; difference among the tongue areas was
much greater than that in one area between individu-
als. We are currently in the process of collecting and
analyzing a wide variety of tongue images.

In contrast, variations of tongue coating in terms
of quantities, colors and textures also contain a large
amount of clinical information in Kampo medicine, al-
though the tongue coating color can be easily influenced
by some foreign elements such as coffee, colored foods
and smoking, and thus can interfere with the analysis.
In this algorithm, coating could be discriminated even
after a cup of coffee, and thus we are planning to sub-
jectively measure the coating by area and quantity, not
by color.

For diagnosis, a tongue color database is frequently
employed [9, 15, 19]. These databases are based on
the criteria of traditional Chinese medicine based on
subjective inspections by physicians. However, recog-

nition performance is quite good with their criteria,
such as Bayesian networks. Additionally, it has been
shown that tongue appearance is correlated with some
diseases [19, 20]. It has been suggested that pancreatitis
and appendicitis patients can be recognized by tongue
image. We suppose it would be clearer if detailed color
information would be additionally employed. Now we
need to develop a new algorithm free from empirical
subjective inspection, using actual color information.

The hyperspectral imaging system has a problem in
terms of the color depth of the camera. The hyperspec-
tral camera has an 8-bit depth per band, which limits
the dynamic range of the image. One method to solve
this problem is to build a high-dynamic range image
from 3 shots with different exposure times, but this is
not possible for tongue image because of the unavoid-
able movements. It would of course be useful for skin.
Meanwhile, an integrating sphere was an unexpected
solution. It provides diffuse illumination, i.e., it reduces
the contrast (dynamic range) of the image.

The system has another big problem, that of cost;
the commercially available hyperspectral camera costs
approximately 50,000 dollars. We used the hyperspec-
tral camera to obtain detailed color information of
the tongue because hyperspectral images provide for
greater sensitivity and robustness to the algorithm,
since the color spectrum can be reconstructed from
a 3-band imaging system when detailed color compo-
nents are determined in the color spectrum. Detailed
color information is already examined in respect to the
skin [21-23]. It has been shown that face color could
be estimated by three principal components, and these
could be estimated by three elemental colors such as
RGB [21]. Contents of pigmentation of the face, such as
melanin or hemoglobin, can also be estimated by inde-
pendent component analysis [22, 23]. Tongue color and
lip color are also thought to be estimable by the three
components. In the next stage, we will analyze the color
information of the extracted uncoated tongue area in
detail to find some component that fits as a diagnostic
factor, and reconstruct these components from 3-band
images. They also showed that spectral absorbance, the
negative logarithm of spectral reflectance, can be calcu-
lated as the linear combination of respective pigments
after modified Beer—-Lambert law. In this study, the
properties of spectral difference among the areas were
not focused upon, since it was not necessary for seg-
mentation, although, for future work, this needs to be
determined to find changes inside the tongue.
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5 Conclusion

An hyperspectral imaging system and tongue region ex-
traction method were proposed in this article. This sys-
tem is equipped with an integrating sphere, an artifi-
cial sunlight lamp, and a hyperspectral camera, and a
hyperspectral image was taken without specular reflec-
tion in a short period. Tongue area without coating was
properly extracted by subtracting other areas, focusing
on the spectral differences among respective facial ar-
eas. Experimental results revealed that spectral proper-
ties differ among facial areas, and tongue areas are effec-
tively distinguishable with these differences. For the fu-
ture work, we are planning to analyze the spectral prop-
erty of the extracted region to find correlations with
clinical symptoms to find the “Mibyou” factor as early
as possible, recovering spectral properties from 3-band
images, such as RGB images, and finding component
changes in the tongue that cause spectral differences of
tongue color.
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