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Abstract

In this research, we propose a method to assess images of the
tongue captured using a polarized light camera for diagnostic use
in Kampo Medicine. The polarized light camera is used to
simultaneously capture glossy and non-glossy images of the tongue.
Data augmentation was performed by modulating the color and
gloss, through which the number of images was increased from 11
to 275. A diagnostic assistance module was built to evaluate a given
disease by learning a specialist's assessment of it along with feature
values obtained from the captured image using a machine learning
technique. The resulting mean absolute error of the assessment of
five diseases was sufficiently small for it to be accurate.

Introduction

The general medical care we receive in hospitals worldwide
is based on Western medicine. However, in China and other East
Asian countries, the field of traditional medicine—called Kampo
medicine in Japan—has developed over 1,000 years. Western
medicine and Kampo medicine are very different in their treatment
methods. In Kampo medicine, the method of understanding the
pathology of the organism using the three elements of "qi,” “blood,”
and “fluid" is called Qi, Blood, and Fluid Theory [1]. A healthy state
is one in which these three circulate normally and in sufficient
quantities: "Qi" represents the energy of the entire body, "blood"
represents the blood and its flow through the body, and "fluid"
represents water other than the blood flowing through the body, such
as lymph and digestive fluids. The conditions in which qi, blood,
and fluid are “insufficient” are called “qi deficiency,” “blood
deficiency,” and "yin deficiency,” respectively, and those in which
in which qi, blood, and fluid are “stagnated” are called “qi
stagnation,” “blood stagnation,” and “fluid stagnation,” respectively.

There are four ways for physicians practicing Kampo
medicine to diagnose diseases: inspection, inquiry, palpation, and
aural and olfactory examinations [1]. Inspection is among the most
important diagnostic methods in Kampo medicine that is rarely
applied to Western medicine. One reason for this is that it is not
possible to make a quantitative diagnosis because inspection is
subjective, and is based on the experience of the physician. To solve
this problem, a quantitative method of descriptive diagnosis has
been formulated using image processing in recent years. By
allowing a computer to perform an advisory diagnosis based on
images of the face and tongue, it is possible to quantify the diagnosis
without prior experience and identify the relevant disease.

To computerize descriptive diagnosis, Matsushita et al.
proposed a method to assess diseases using facial images of patients
[2]. However, among the six conditions mentioned above, only
three—"“blood deficiency, blood stagnation, yin deficiency” —can
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Table 1. Diagnostic method for each of the six diseases in
Kampo medicine

Qi Blood Fluid
- face face
deficiency tongue
tongue tongue
stagnation X [z tongue
& tongue J

be diagnosed using images of the face. However, Kampo medicine
can help diagnose five of the six conditions—“qi stagnation,” “qi
deficiency,” “blood deficiency,” ‘“blood stagnation,” “yin
deficiency,” and “water stagnation”—by observing the color of the
patient's tongue, his/her water content, shape of the tongue, and
condition of the tongue coating. Table 1 lists diseases that can be
diagnosed from the face and tongue of the patient using Kampo
medicine.

Because the tongue is close to the internal organs of the body
with exposed mucous membranes, it has been regarded as an
important indicator of many diseases in Kampo medicine. However,
because it is highly glossy under normal lighting conditions owing
to its moist surface, it is difficult to obtain accurate information on
the color of the tongue. However, as mentioned above, physicians
in Kampo medicine make diagnoses based on observations of gloss,
in part, and assessments made without incorporating gloss-related
information are inaccurate. To inspect the tongue using a computer,
it is necessary to use an imaging method that can accurately acquire
color-related information after acquiring gloss-related information.

Nakaguchi et al. [3], by combining the integrating sphere
and directional illumination, took images of the tongue with and
without gloss. However, because the integrating sphere is large and
expensive, it is not appropriate for use in personal diagnosis.

In this study, we use a polarizing camera to photograph the
tongue. Such a camera can capture glossy and non-glossy images at
the same time, and is more compact and cheaper than an integrating
sphere. We then assess a patient’s diseases using these images. A
system of quantitative evaluation is constructed by learning the
values and features obtained from images of the tongue through
machine learning. The accuracy of the evaluation system is also
verified.
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Acquiring glossy and non-glossy images
using polarized light

Incident light from a source is reflected from the surface of
the object. In this case, the reflection of the light can be classified
into two types: surface reflection, where the angles of incidence and
reflection of light are the same with respect to the surface of
reflection according to the laws of reflection, and internal diffuse
reflection, which is caused by the scattering of the incident light
inside the object. The human eye and a camera can perceive the
color and luster of an object by capturing the reflected light. In
general, an object appears colored owing to internal diffuse
reflection, and luster is caused by surface reflection.

We explain the nature of polarization. Light, which is an
electromagnetic wave, oscillates in a direction perpendicular to its
direction of travel, and normal light is in a state called unpolarized
or partially polarized, which is a mixture of light oscillating in all
directions. Polarization, conversely, refers to light that oscillates
only in a certain direction. By passing ordinary unpolarized light
through an optical filter called a polarizing plate, we can obtain
polarized light in a direction identical to that of the polarizing plate.
This property of polarization has important links to the surface
reflection and internal diffusion described above. It is reflected
while the polarization of the incident light is maintained; when the
incident light is reflected off the surface of the object, it is linearly
polarized in the direction of the polarizing plate, as in case of
incident light. Conversely, internal diffuse light is unpolarized even
if the incident light is linearly polarized when internally reflected,
because the incident light is reflected in various directions and the
light is scattered. Using this property, we explain how to obtain
glossy and non-glossy images below.

Figure 1 shows how to obtain an image with enhanced gloss
and one with reduced gloss using two orthogonal polarizing plates.
S indicates the surface-reflected light, D indicates diffuse reflected
light, and the subscripts p  and s indicate the directions of
orthogonal polarization. Because S in Figure 1(a) maintains the
same polarization as the incident light, the relation between the
intensity of S and that of the p-polarization component S,, of S'is as
below. I, indicates the intensity of x:

Is = Is,. 1)

The diffuse component D in Figure 1(a) is the loss of
polarization of the incident light. The ratio of intensity of the p-
polarization component D,, to that of the s-polarization component
D, in D is 1:1, and can be expressed as follows:

ID=1Dp+IDS=21Dp=21DS' (2)

Consider the case where a second polarizing plate is placed
between the object and the camera. Figure 1(b) shows this case.
When light passes through the p-polarizing plate, the component of
s-polarization in the vertical direction cannot pass through the p-
polarizing plate. Thus, the internally reflected light D, which
contains Dy, has half the intensity but S, which has only the p-
polarization component, can pass through the p-polarizing plate
without attenuation. Therefore, in Figure 1(b), we obtain an image
with enhanced gloss. Similarly, Figure 1(c) shows the case where an
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Figure 1. Acquisition of surface and internal reflection using polarizing plate.

s-polarizing plate is placed between the camera and the object;
because this plate is in a direction perpendicular to the p-polarizing
plate, the p-polarization component of the reflected light cannot
pass through the s-polarizing plate. Therefore, in Figure 1(c), the
image with the gloss removed is obtained. The gloss component can
be obtained by subtracting the non-glossy image from the gloss-
enhanced image.

A polarized camera (Lucid, PHX050S-Q) was used for
photographic work in this study. A polarization camera can capture
four color polarization images at polarization angles of 0°, 45°, 90°,
and 135° in a single shot; a 0° polarizing plate was placed between
a source of illumination and the object. The polarization camera
acquired a gloss-enhanced image from a 0° polarization image and
a non-glossy image from a 90° polarization image simultaneously.
The polarization camera does not perform color calibration such as
white balance adjustment.

Data augmentation by color and gloss
modulation

In this section, we describe a method of data enhancement
by applying color and gloss modulation to a captured face image.
The purpose of this study is to evaluate diseases using machine
learning, but the number of images of the tongue captured was small
and insufficient for Ilearning. Therefore, we performed
physiologically corrected modulation for each sample to produce
more training data.

We first explain the color modulation technique. The tongue
is the exposed biological mucosa, and its color is determined by the
amount of hemoglobin in the blood. Therefore, it is possible to
create images with different colors of the tongue by modulating the
hemoglobin components in them. To extract components of
hemoglobin from non-glossy tongue images, we use the method of
separating the components of pigmentation proposed by Tsumura et
al. [4]. The color-modulated images of the tongue can be obtained
by multiplying the hemoglobin component by the color modulation
factor a; in log space, and re-synthesizing the components of
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melanin and shading by the reverse processing of the separation of
the pigment component. Figures 2(a)—(e) show color-modulated
images with [ay, @y, as, a4, a5]=[0.6,0.8,1.0,1.2,1.4], respectively.

We now explain the method of gloss modulation. Both
glossy and non-glossy images are captured simultaneously. The
glossy component can thus be easily extracted by subtracting the
non-glossy image from the glossy image. By multiplying the
extracted components of gloss with the gloss modulation factor S,
as well as color modulation, and re-synthesizing the image with no
gloss, the image of the tongue with modulated gloss can be obtained.
Figure 3(a)-(e) show color-modulated images
for [B1, B2 B3, Bs Bs] = [0.0,0.3,0.6,1.0,1.5] , respectively. As
shown in Figure 4, by combining these two modulation methods, the
number of original images of the tongue was augmented by a factor
of 25.

Separating tongue coating from tongue body

The surface of the tongue can be categorized into coating and
body. The coating of the tongue refers to the part coated with food
scum, mucosal cells, and bacteria on tissues called filamentous
papillae, and in the gaps between protrusions on the surface of the
tongue. The body of the tongue refers to the part that is not covered
by the coating of the tongue [5]. The lichen and body of the tongue
have trends of colors of white, yellow, gray, and black, and light-red,
red, crimson, and purple, respectively [6]. Because the lichen of the
tongue and its body show different changes in color, it is necessary
to distinguish between them when evaluating tongue color.

Jiatuo et al. focused on the fact that the tongue has a large
proportion of red and the R component has a protruding tendency
in terms of color, whereas the lichen of the tongue does not have a
protruding R component when considered in RGB [7]. The method
used by them is shown below. [ for all pixels in the tongue image
is calculated by the following equation:

I=R—-—. (3)

All pixels are classified as belonging to the body or coating
of the tongue according to Eq. (4). However, let Ij,q4y, be the mean
value of [ classified as belonging to the body of the tongue,
Mean(lpoqy) be that of I classified as belonging to the tongue
body, and Mean(loqting) be the mean value of I classified as
belonging to the tongue coating. I,,, is determined to maximize Eq.

(%)

[ = Ibody (if 1= Im)
Icoating (if 1< Im), (4)

Maximize(l,): 5
|Mean(1body) - Mean(lcoating)|- ( )
Yellow tongue coating can be incorrectly classified owing to
its high value of I, although the above methods can correctly
distinguish most tongues. The coating of the tongue was
distinguished here from its body by changing Eq. (4) as below. As
shown in Eq. (6), by increasing the ratio of G to reduce I, and by
decreasing the ratio of B to subtract I, we can classify yellow coating
correctly while maintaining the ability to classify other colors.

1.5G+0.5B
2 .

I=R (6)
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Figure 2. Five levels of color modulation using modulation coefficient a;
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Figure 3. Five levels of gloss modulation using modulation coefficient B;

Five levels of color modulation

Five levels of gloss modulation

Figure 4. Data augmentation by color and gloss modulation.

(a) Glossy image

(b) Tongue coating (¢) Tongue body

Figure 5. Separation tongue into three components,
(a) Glossy image, (b) tongue coating, (c)tongue body.

Extracting feature values from tongue images

In this section, we explain how to extract feature values from
images of the tongue for machine learning. As mentioned above,
from the two images with and without gloss, three images can be
obtained—(a) the gloss component, (b) image of tongue coating,
and (c) image of tongue body—as shown in Figure 5. From (a), we
obtained the mean, standard deviation, maximum, minimum, and
median of vales of L* in L*a*b* color space of the glossy area.
From (b) and (c), we obtained the mean, standard deviation,
maximum, minimum, and median of a* and b* in the L*a*b* color
space of the area of tongue coating. We thus obtained a total of 27
color and gloss features.
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Environment for capturing tongue images

Figure 6 shows the photographic environment in which the
learning data were collected in this study. A polarizing camera
(Lucid, PHX050S-Q) was used as photographic equipment. The
resolution per polarized image was 1224x1024 [px] and the bit
depth was 16 [bits]. The exposure time was 8000 [us] and the
distance between the camera and the subject was 73 cm. The images
were taken in a dark room and the light source was an LED (Neewer,
PT-176S) with a polarizing plate. We photographed 11 healthy
subjects for the experiment.

Subjective evaluation of diseases by Kampo

doctor using tongue images

In this section, we describe how a Kampo doctor evaluated
each tongue image to diagnose the subjects. The evaluation was
performed in a darkened room, with 80 [cm] between the display
and the evaluator, and a display size of 20.1 [in]. The screen was
displayed in device-independent SRGB. The evaluator assessed the
five conditions that can be diagnosed from images of the tongue—
qi deficiency, blood deficiency, blood stagnation, yin deficiency, and
fluid stagnation—in five levels of 0, 1, 2, 3, and 4. The smaller the
value was, the more severe the condition was. The evaluator was a
doctor specializing in Chinese herbal medicine. Note that in this
study, the data were augmented by modulation, which produced
some images of tongues that were unrepresentative. Therefore,
tongues judged to be thus, based on the experience of the physician,
were excluded from the evaluation.

The display showed images of the tongue randomly
extracted from a set of unexamined images. The rater evaluate the
images, and the display turned dark when the evaluation ended. Four
seconds later, the randomly selected images were displayed again.
This was repeated until the entire image of the tongue had been

assessed. To prevent a decline in evaluation capability due to fatigue,

breaks for the Kampo doctor were allowed as appropriate.
Interruptions in the experiment were timed to complete the
evaluation of all five conditions for the immediately preceding
sample, and the display was darkened during the interruption.

Figure 7 shows the percentage of correct answers by the
specialist when data modulation was not performed for each
condition, and the percentage when it was performed. We refer to
the specialist's evaluation as the correct value here. Because the data
had been obtained mainly from healthy subjects, the percentage of
correct answers was biased before data modulation, but this bias
decreased after modulation for many conditions.

We used a dataset of 275 pairs obtained by modulating the
images of the tongues of 11 subjects for machine learning, and to
assess its accuracy.

Feature Selection

Support vector regression (SVR) [8] was used for learning.
In machine learning, training with ineffective features may reduce
the accuracy of estimation compared with training using only the
optimal features. This is because generalization performance suffers
from over-learning, and the selection of optimal features plays an
important role in improving the diagnostic accuracy of machine
learning. We used a feature selection method called step forward
selection (SFS) to choose the best combination of features to
evaluate each disease. In the SFS, features are selected by the
following procedure:
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It learned and evaluated the images one by one
independently using all features, and chose the ones with the highest
evaluation accuracy. It then added one of the remaining features to
the selected feature, and learned and evaluated it. This process was
repeated for all remaining features. It continued adding features until
the evaluation accuracy no longer rose.

The parameters of the SVR used for training were C=100,
v=0.1, and €=0.1. Features that were determined to be optimal for
the evaluation of each disease are shown in Figure 8. Table 2 shows
the mean absolute error (MAE) between the values of the correct
answers by the Kampo doctor and the estimated values obtained by
SVR before and after feature selection. It is evident that evaluation
accuracy increased when feature selection was used. Thus, the
feature selection was appropriate .

Verifying Accuracy of the Evaluation System
Table 3 shows the MAE of the correct and estimated values
before and after data modulation. Each disease was diagnosed using
features selected through the SFS and the parameters were
optimized by grid search. From the table, it is clear that data
modulation improved the accuracy of diagnosis of all diseases.

Discussion

The correct answers were assigned a value from 0 to 4, with
adjacent values having close meanings. Therefore, this method
yielded good diagnostic performance when the average error was
within one.

The features chosen by feature selection were closely related
to the aspects of evaluation attended to by the Kampo doctor. Qi
deficiency appeared as glossy, colored, and shaped; blood
deficiency appeared as colored and shaped; blood stagnation was
mainly manifested in terms of its color; yin deficiency was mainly
manifested as glossy; and fluid stagnation was mainly reflected in
shape. It is clear from this that features that were close to the aspects
attended to by the Kampo doctor had been selected by the proposed
method. However, we did not use the features of form, for example,
size and tooth marks, which means that a small number of water
stagnation, which is diagnosed only from form, could not determine
the dominant features, and many features were selected.

This was also evident in the final diagnostic results. The
diagnostic accuracies for stagnation and hemorrhage, where shape
is important, were worse than those for the other diseases. These
results show that the addition of new features related to shape can
improve diagnostic accuracy.

We did not use many subjects in this study, and increased the
number of data items by modulating the data. However, the
distribution of data for blood stagnation was biased, as shown in
Figure 7. This might have yielded the high accuracy of evaluation
of' blood stagnation. More scattered data need to be collected.

Conclusion

This study developed an evaluation system that considers the
gloss and color components of images of the tongue taken by a
polarizing camera to diagnose diseases according to the principles
of Kampo. The results of this study are as below.
The number of samples was increased to 275 by modulating color
and gloss, as only 11 original images were used in this study. A total
of 27 gloss- and color-related features were obtained
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Figure 8. For each disease, features selected by SFS.

Table 2. In each disease, MAE between the correct answer
value by the Kampo doctor and the estimated value by SVR
before and after the feature selection.

Before feature After feature
selection selection by SFS
i
Q 0.84 0.64
deficiency
Blood 1.00 0.78
o deficiency
@ B
g ood 0.62 0.48
2| stagnation
[a)
Vi
n 0.91 0.56
deficiency
Flui
uid 1.01 0.88
stagnation

Table 3. In each disease, MAE between the correct answer
value by the Kampo doctor and the estimated value by SVR
with no modulation and modulation

No . Modulation
modulation
o 0.69 0.63
deficiency
Blood 1.00 0.78
o deficiency
(%]
g|  Blood 0.52 0.43
2 stagnation
a
Yin
o 0.93 0.56
deficiency
Fluid 0.92 0.87
stagnation

and combined with subjective evaluation by a Kampo physician to
generate the training data. The MAE of SVR was 0.63 for qi
deficiency 0.56 for yin deficiency, 0.87 for water stagnation, 0.78
for blood deficiency, and 0.43 for blood stagnation when its
parameters were optimized by grid search. The proposed method
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was accurate because the error in its results was smaller than one

because the neighboring assessment values had very close meanings.

The results of feature selection were consistent with the
evaluation scores assigned by the Kampo doctor, indicating their
correctness. Because the diagnosis of water stagnation required a
large number of features, no useful set of features was available for
it compared with the other conditions. Adding the shape of the
tongue, which was not used here, as a feature can improve the
accuracy of the diagnosis.

In future work, more images of the tongue should be
collected and re-evaluated because some of the pathological
conditions were biased, as described above. The results of a single
diagnosis made by one specialist were used here as the correct
answer, and conflicts in assessment values between specialists and
diagnostic errors were not considered. By taking the mean of
multiple evaluations by multiple specialists as the correct answer,
we can create a more general evaluator with less subjectivity.
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