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Abstract
In this paper, we propose a color reproduction method using color charts to improve the color quality of a telemedicine sys-
tem. Owing to the spread of COVID-19, the need for telemedicine is rapidly increasing to prevent infections more effectively. 
However, in practices such as traditional Japanese (Kampo) medicine, where color is used as an important examination factor, 
an accurate diagnosis cannot be made without adequate color reproduction. In telemedicine using a commercially available 
smartphone, color reproducibility may deteriorate owing to differences in the devices and lighting, which may result in a 
misdiagnosis. Therefore, we created a color chart that includes the colors of the human skin and tongue as a tool to help 
doctors identify the color of patients more accurately when conducting a telemedicine examination. Through a subjective 
evaluation by eight medical doctors, it was unanimously found that the proposed method is practical in terms of a color 
examination. The developed color chart can also be used for an automatic color correction.

Keywords  Color reproduction · Color-chart · Telemedicine · Remote diagnostic · COVID-19

1  Introduction

The telemedicine market is growing, particularly in the 
area of chronic illness, because conducting interviews and 
observations thorough a network is sufficient for an exami-
nation of such illnesses [1]. Because it is necessary to con-
duct a medical examination of the area of infection even 
during ordinary medical checkups, owing to the spread of 

COVID-19, the importance of telemedicine has been recog-
nized as a means to prevent infections in healthcare workers 
conducting diagnosis and treatment [2, 3]. If the number of 
patients is significantly increased, it will become difficult 
to care for all patients in the hospital, and asymptomatic 
or mild patients will be forced to move to a hotel, home, or 
other unsupervised area. For the care of such patients, it is 
also extremely important to monitor any sudden deteriora-
tion in their condition, for which telemedicine will play an 
extremely important role.

To address this situation, Greenhalgh et al. published a 
guide for general practitioners in charge of primary care 
(video consultation: March 2020 BJGP Life Practice Guide) 
[4]. This guide notes that pulse measurements using fitness 
equipment may not be suitable for assessing the patient sta-
tus from the perspective of reliability. Regarding the exami-
nation of color, “skin features (such as flushing, pallor, cya-
nosis—though note that if lighting is suboptimal this can be 
difficult to assess)” should be noted at the time of a medical 
examination. As the guide indicates, a proper color examina-
tion is important.

The importance of a color reproduction in medicine 
is also described in [5]. In particular, it is noted that tel-
emedicine is affected by significant color errors incurred 
through the differences in the setup conditions, such as the 
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illumination [6]. Dermatologists, dentists, and otolaryngolo-
gists observing patients based on the color of their face and 
tongue may make an improper diagnosis if the color is not 
reproduced correctly. A practical color reproduction sys-
tem was standardized by the CIE [7]. In achieving a color 
reproduction in telemedicine, monitor correction on the doc-
tor’s side can be performed relatively easily using a profile 
creation tool of a commercially available display device. 
However, a correction on the patient’s side is not easy to 
achieve, because a correction when the color of the light 
source and camera characteristics may be needed. Because 
the light source and camera for each patient usually differ, 
such a correction should be performed for each patient and 
illumination condition.

Therefore, in this study, we created a color chart for a 
color examination that can be used immediately for each 
patient during telemedicine. We will examine whether the 
color examination of the patient’s skin or tongue has reached 
a level sufficient for a diagnosis.

2 � Methods and results

We propose an accurate color examination approach for a 
telemedicine system using a color chart designed by medi-
cal doctors. The color chart can be used by following two 
strategies for a color examination of the patient.

1.	 In the first strategy, the color chart is placed next to the 
face of the patient, and the face and color chart are cap-
tured in the same image. The medical doctor is asked to 
view the difference in the color chart between the patient 
and doctor sides. Based on this difference, the medical 
doctor is expected to be able to examine the color of the 
patient appropriately.

2.	 In the second strategy, the color chart is also placed next 
to the face, and the face and color chart are captured 
in the same image. The software calculates the differ-
ence in the color chart between the patient’s side and 
the doctor’s side. The software can correct the color on 
the patient’s side for presentation on the doctor’s side 
using a color transformation function. After the color 
transformation is obtained, it is no longer necessary to 
present the color chart using the same color transforma-
tion functions.

This study was conducted with the approval of the Eth-
ics Committee of Kanazawa University School of Medicine.

2.1 � Creation of color chart including skin 
and tongue colors

Skin color and tongue color are different for individual. 
Therefore, in selecting the skin and tongue color four Kampo 
doctors discussed and extracted representative colors that 
were considered to be effective for color judgment from the 
tongue image and the skin image. The difference in color 
between individuals is can be considered to be the deviation 
from this representative color, and this difference in color 
between individuals can be examined by the eyes of a doctor.

The proposed chart is designed to be used only for the 
yellow race. Since the color of the tongue is the color of the 
mucous membrane, it is generally said that it is not related 
to the race for the tongue color. However, since we have not 
examined this relation deeply, we need to ask the user to the 
color chart only for patient of yellow race.

The proposed design is shown in Fig. 1. The color chart 
is the size of a business card for easy handling. Because the 
medical doctor is asked to see the difference in the color 
chart between the patient’s side and the doctor’s side, color 
patches are used to make it easier to accomplish.

A grayscale is arranged in 6 steps on the left side to judge 
lightness and contrast, and 17 colors are arranged in the 
middle to see the general color change. Seven types of skin 
and tongue color, which are important for examination, are 
placed on the right side. These colors are based on the colors 
of the skin and tongue, which have been judged to be impor-
tant by a Kampo practitioner. The L*a*b values of the colors 
are shown Table 1. Because the color changes depending on 
the printing conditions, the version number is given. The 
medical doctor and patient should use color charts of the 
same version. In addition, considering an automatic color 
discrimination, we also placed two markers diagonally 
across the corner. To handle the color chart correctly, we 
placed a logo on the upper part and provided a blank part 

Fig. 1   Proposed color chart arrangement and selection of seven 
important colors (color figure online)
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on the lower left. The print data were created using Adobe 
Illustrator and printed on a dedicated matte paper using an 
industrial inkjet printer.

The color quality of the products was confirmed using a 
colorimeter.

2.2 � Telemedicine using only a color chart

With the cooperation of eight doctors of Kampo medicine 
from Kanazawa University Hospital, we examined whether 
the color examination of the patient’s skin or tongue reaches 
a level that can be applied for diagnosis.

The outline of the experiment is shown in Fig. 2. First, the 
patient uses a smartphone to take a photograph of both the 
patient and the color chart in a single image, and sends the 
photograph to the doctor through email or SNS. The doctor 
compares the actual color chart on the doctor’s side with the 
color chart in the photograph sent by the patient to determine 
the color change.

The doctor compares the actual color chart on the doc-
tor’s side with the color chart in the photograph sent by the 
patient to determine the color change.

The paper used for the chart is 243 microm thickness for 
jet ink that does not bend under normal use. Matte paper 

was used for this color chart. Even if the matt paper due to 
the positional relationship between the light source and the 
camera, the captured chart may be suffered by the specular 
component that reduces the color reproducibility. Therefore, 
it is necessary to ask the user of color chart to prevent the 
setting of light source and color chart, where the specular 
component is appeared on the paper. We need to confirm this 
situation to medical doctors and patients.

For doctors who are unfamiliar with conducting a color 
comparison, we also prepared a specific procedural manual. 
The contents of the manual are as follows.

1.	 Gray scale: Observe the transition from black to white 
on the left side of the chart to note the contrast in the 
image. Observe the brightness level and color balance 
to determine the lighting environment and the charac-
teristics of the camera.

2.	 Consider the difference in the appearance of the color 
of blood by comparing the multiple red patches and 
observing their strengths and weaknesses.

3.	 Compare patches of healthy tongue and check for shades 
of color.

4.	 Compare the blue patches and check the intensity of the 
color. The difference between red and blue can then be 
seen.

5.	 Use a patch of tongue color to determine the patient’s 
condition more accurately.

6.	 Identify any inflammation using a provided patch show-
ing the color of skin with dermatitis.

In this section, doctors were asked to evaluate patients 
using their own different smartphones, computers, differ-
ent lighting environments, and different applications. In this 
environment, medical doctors evaluated whether they could 
make judgments about tongue and skin color by visually 
referring to color patches without automatic correction.

The evaluation results of the eight doctors are shown in 
Table 2.

The opinions of doctors with color knowledge evaluated 
the system highly, whereas doctors with little color knowl-
edge found it useful after we explained to how it should be 
used. There were no negative opinions, and it was deter-
mined that the examination could be conducted better than 
without the color chart.

From the above results, it was found that “color correc-
tion using color charts to asked medical doctor to see the 
difference of the color chart between patient side and doc-
tor side. ” is effective in emergency situations, but for many 
doctors to use it, knowledge of color reproduction and expe-
rience in telemedicine are required.

Table 1   L* a* b* color values for the proposed color chart

The L*a*b* color value is calculated using white reference plate 
under D50 light source

A B C D E

L*, a*, b* L*, a*, b* L*, a*, b* L*, a*, b* L*, a*, b*
a 97, 0, 0 28, 24, − 55 43, − 12, 

18
52, 50, 13 58,27,7

b 87, 0, 0 67, 20, 14 51, 0, − 25 56, − 37, 
30

60, 20, 5

c 76, 0, 0 62, 38, 55 82, 6, 74 42, 57, 24 78, 30, 15
d 64, 0, 0 72, 22, 62 40, 14, − 

47
70, − 30, 

− 4
48, 25, 2

e 51, 0, 0 30, 27, − 26 38, 17, 12 55, 14, − 
30

33, 40, 30

f 36, 0, 0 50, 54, − 18 51, − 21, 
− 30

73, − 22, 
54

72, 8,22

Fig. 2   Usability survey by comparing color charts (color figure 
online)
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2.3 � Automatic color correction using color chart

Automatic color correction is required for an easier diag-
nosis. We, therefore, propose reproducing the color using 
a color chart.

Figure 3 shows color differences in images taken using 
commercially available smartphones under different devices 
and illuminations. We can see visually that the colors are 
different in each image. The medical doctors stated that the 
color differences in these images tended to give improper 
results for the examination.

Automatic color correction using a color chart is per-
formed in two steps, as shown in Fig. 4.

By matching the colors of every patch on the color chart, 
the image taken will be displayed correctly on the doctor’s 
monitor. The first step (offline) is to adjust every color patch 
(using RGB data) displayed on the monitor to match the 
color patch on the real color chart. The second step (online) 
is to adjust the RGB data of every color patch captured by 
the camera to match the reference RGB data.

Matte paper was used. In this case, depending on the 
positional relationship between the light source and the 
camera, the glossiness that deteriorates the color reproduc-
ibility may be appeared on the captured chart. Therefore, 
it is necessary to ask the user of color chart to prevent the 
setting of light source and color chart, where the specular 
component is appeared on the paper. We need to confirm 
this situation for medical doctors and patients.

2.3.1 � Display color reproduction

The colors on the color chart that the doctor sees depend 
on the light source in the room. This is because the spec-
tral distribution of the light that illuminates the color chart 
depends on this light source. Therefore, when the light 
source is different, the color when observing the color 

Table 2   Evaluation results by eight medical doctors for the proposed color chart

No Comments

1 I think it is very good to have a color checker, because I can make corrections depending on the model and lighting. Because it is difficult to 
judge a moving image, it seems good to receive multiple still images to make such a judgment

2 Once I got used to it, I was able to use it
3 I felt that the color chart leads to an objective diagnosis
4 I found it difficult to tell if there was a shadow or not unless the light came from the front of the tongue. If possible, images taken from three 

directions, the frontal, first oblique, and second oblique, would provide a more reliable diagnosis. But it would be complicated
5 For the tongue color, if you are unfamiliar to you, there may be subjective impression of the color, so I think the proposal is good
6 It seems to be useful for telemedicine. I hope to the patients and doctors will get used to it
7 Until now, I was unable to understand what I was looking at, but I felt the potential of the chart
8 Skin diseases can be diagnosed accurately by the simultaneous color checker and imaging of the affected area before and after treatment and 

over time

Fig. 3   Selfie photo (color figure 
online)

Fig. 4   Overview of automatic color correction method (color figure 
online)
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chart differs. In addition, the performance of the display 
varies depending on the model, and the same color cannot 
be output even if the same RGB is input. Thus, the cor-
rection starts by adjusting the color development of the 
monitor using the color of the color chart observed by the 
doctor as the correct value.

Because people recognize color by the three stimulus 
values XYZ, the XYZ values of each color patch on the 
color chart, which are the correct values, were measured 
using a colorimeter under the same lighting environment 
as the doctor. The monitor side correction was performed 
with reference to [8].

The relationship between the luminance and input level 
is

where L’R, L’G, L’B are the luminance of R, G, B, respec-
tively, and ai, bi, ci (i = 0 − 2) are the coefficients. The tris-
timulus values X, Y, Z on the display can be decomposed to 
R, G, B as shown in the following equation:

where, X’i, Y’i, Z’i (i = R, G, B) are tristimulus values for 
red, green, and blue luminescence, respectively. The tris-
timulus values corresponding to each luminescence can be 
calculated from L, x, y when the monitor is measured. The 
relationship between X – Y and Y – Z of each emission can 
be expressed through the following linear equation:

where ai, bi, ci, and di (i = R, G, B) are the coefficients.
Equation (4) is obtained from Eqs. (2) and (3):
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From Eq. (4), the luminance of each RGB can be calculated 
using Eq. (5) when the three stimulus values X’Y’Z’ are to be 
displayed on the monitor:

According to Eq. (5), R, G, B can be calculated by apply-
ing the luminance obtained through Eq. (2). This allows the 
doctor to correct the display.

We will explain the color adjustment of the monitor on 
the doctor side based on the calculation formula.

First, we measure the performance of doctor’s monitor. 
We change input RGB values by increasing the value of the 
input value R from 0 to 255 by 8 with keeping the G and B 
values to be 0, and measure the brightness on the monitor for 
each color. We execute the same operation about G, B chan-
nels. Since the relationship between the RGB input value 
and the luminance L is shown in Eq. (1), the parameters of 
Eq. (1) are obtained by multiple regression analysis based on 
the measured data. The next step is to obtain the RGB values 
to input the monitor, where the XYZ values measured by real 
color patch can be displayed. By inputting the X′Y′Z′ values 
into Eq. (5), the monitor emission brightness, the RGB val-
ues required for input can be obtained as follows. To deter-
mine the RGB value required for input, we input the X′Y′Z′ 
values in Eq. (5), and obtain monitor emission brightness. 
The obtained monitor emission brightness is input into the 
inverse function of Eq. (1), then the RGB input values are 
calculated when the X’Y’Z’ values of the color chart are dis-
played on the doctor’s monitor in the doctor’s environment.

2.3.2 � Image color correction on the patient’s side

Because the RGB values (standard RGB values) of each 
patch of the color chart projected on the doctor’s monitor 
are calculated, the color can be reproduced by converting 
each RGB value taken at the patient’s side into a standard 
RGB value. For this purpose, we describe the correction of 
images taken at the patient’s side.
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The conversion formula is obtained by examining the cor-
relation between the RGB value corresponding to each patch 
of the color chart displayed on the doctor’s display (refer-
ence RGB) with the RGB value corresponding to each patch 
of the color chart taken on the patient’s display.

Specifically, a gamma correction is applied using the 
grayscale portion of the color chart and the grayscale portion 
of the reference RGB. The RGB values are then corrected 
using all colors in the color chart.

First, we extract the color chart part of the photograph 
using AR markers. The portions of each square are further 
taken and averaged. The model is created through a mul-
tiple regression from the difference between the averaged 
numbers and the reference RGB values. Based on this, all 
pixels are converted to correct the color of the human face 
and tongue.

The details of the gamma correction are next described. 
First, such correction is applied based on the luminance of 
the grayscale portion of the color chart measured by a col-
orimeter against the RGB value when the grayscale was pho-
tographed. Similarly, this is also conducted for the grayscale 
portion of the reference RGB value. Next, a gamma correc-
tion is applied for each RGB. In the case of R, the form is as 
shown in Eq. (6):

where Rc is the R-value of the image taken, and Y is the 
luminance of the color chart’s grayscale. In the grayscale of 
the color chart, the brightness of the grayscale is transformed 
to within the range of zero to 1 by normalizing with the 
brightness value of white such that black has a value zero 
and white has a value of 1. This model can be used to cor-
rect the gamma for any RGB value. Specifically, we compute 
the gamma-corrected RGB values by multiplying the inverse 
function of Eq. (6) for each value.

Next, we construct a model using multiple regression on 
the color of each gamma-corrected color patch. In the case 
of R, we have Eq. (7):
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where R’c is the R value of the corrected image and Rr, Gr, 
Br indicate an un-corrected RGB value. Each parameter is 
calculated by a multiple regression with every color patch.

Finally, the color correction is completed by performing 
a transformation on each pixel of the captured image. The 
above program was created in Python.

As a result, we were able to return the image to its origi-
nal equivalent. The original and corrected images are shown 
in Fig. 5.

One medical doctor compared the correct image with the 
corrected image, and rated the resulting color correction as 
reliable.

The automatic color correction results of the seven impor-
tant colors are shown in Table 3. The evaluation image is 
“iPhone 11 Pro Lighting 1” at the far left of Fig. 3. For the 
color comparison, we used seven important patches, one 
color for skin color of dermatitis and six different tongue 
colors. The comparison about L*a*b* value was performed 
with images that were converted according to the correct 
values of the color chart of the paper under the doctor’s 
illumination and the paper under the doctor’s illumination. 
The light colors showed good matching, the dark colors had 
a difference of Δ5 or more, which is a problem when visu-
ally observed.

Next, we will explain the comparison method for auto-
matic correction of the proposed color chart and a typical 
color chart. Our proposed method used all 30 patches on the 
color chart for automatic correction. A typical color chart 
does not have tongue color. Therefore, to compare the effec-
tiveness of automatic correction with the case of using a 
general color chart, we compared with or without the tongue 
colors. Comparative experiments were conducted using all 
30 colors of the proposed color chart and 24 colors exclud-
ing six tongue colors of the proposed color chart.

The results are shown in Table 3. It has been shown that 
the proposed method produces a better correction due to 
the number of patches exceeding Δ5 was smaller. From the Fig. 5   Automatic color correction result (color figure online)

Table 3   Error for seven important colors in Fig. 1

Patch number L*a*b* error (ΔE)

Proposed 
method
Using all 30 
colors

Using general 24 colors 
(excluding tongue colors)

E–a (Tang, fur) 3.4 10.0
E–b (Tang) 0.8 4.3
E–c (Skin, dermatitis) 0.8 2.0
E–d (Tang) 11.1 9.0
E–e (Tang) 17.3 13.4
E–f (Tang, fur) 1.4 3.3
D–a (Tang) 1.2 7.1
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above, the proposed color chart including tongue colors 
worked well with automatic color correction.

3 � Conclusion and future studies

The results of this study show that the use of color charts 
that incorporate the color of the human skin can help doctors 
recognize the color of patient’s skin more accurately when 
applying telemedicine.

In this study, we created a color chart for a color repro-
duction that is easy to use with COVID-19, and confirmed 
that it is possible to reproduce the facial and tongue colors of 
the patient accurately. We also found that the captured image 
can be reproduced automatically using a color chart. If a 
color reproduction can be achieved easily and automatically, 
it can be used by numerous members of the medical staff. 
This study was conducted as part of an emergency response 
to the spread of COVID-19. Therefore, only a few cases were 
considered, and there remains room for improvement in the 
proposed automated color correction method.

In the future, we plan to improve the colors applied and 
the layout of the color chart for color correction (which 
relies on human perception) based on the opinions of numer-
ous medical personnel. For the color used, it may be possible 
to select a color corresponding to the clinical department, 
such as dentistry, or in consideration of the differences in 
the color of natural skin. We also plan to proceed with an 
automatic color correction method that can easily handle 
changes in the lighting environment and display devices, in 
addition to its application to moving images.
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