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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance ate
describefd in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance,with the
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms and
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Tifade Organization (WTO) principles in the TechnicalBarriers to Trade (TBT) see www.iso.org/
iso/foreword.html.

This docpument was prepared by Technical Committee {SO/TC 249, Traditional Chinese medicine.

This corrected version of ISO/TR 20498-5:2019 inearporates the following corrections:

— The ppper and lower limits of some domains’in A.2 have been reversed to correct editorial errors
Alist of 3ll the parts in the ISO 20498 seties can be found on the ISO website.

Any feedback or questions on this decument should be directed to the user’s national standards body.|A
completg listing of these bodies can.be found at www.iso.org/members.html.
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Introduction

As one of the most distinctive traditional Chinese medicine diagnosis methods, tongue diagnosis is a
method of inspecting the patient’s tongue and its coating to determine his or her disease or syndrome.
With growing global demand for traditional Chinese medicine, there is an increasing demand for
international medicine and academic exchanges on tongue diagnosis as well as tongue-related devices.

Traditional tongue diagnosis, mainly dependent on the practitioner’s visual observation

and text

description, often varies with the practitioner’s experience, environmental changes and other factors,
which makes it difficult to make an accurate diagnosis and archive the tongue image. Therefore, it is

necessary to quantify and digitize the tongue manifestation.

With modern scientific knowledge and technology, the practitioner’s subjective judgeme

more traditional Chinese medicine practitioners have come into contact withyand used a d
tgngue diagnosis, which undoubtedly plays a leading role in the promotion of\‘tongue-related

cpmpanies involved in the trade of tongue-related devices and to peoplesassisting with CTIS.

—

herefore, as one of the five parts of the ISO 20498 series, this docunientintends to quantify an
the tongue manifestation used in the CTIS, which is of great impertance to the international t
s¢rvice of CTIS, thus increasing business profit.

nt about

tdngue manifestation has gradually developed into an objective determination by coniputerized tongue
ithage analysis system (CTIS) with a standard calculation method. According to Gtatistics, more and

evice for
products

worldwide. Thus, it is of the utmost urgency to standardize the CTIS, which will bring benefits to

1 digitize
rade and

© IS0 2019 - All rights reserved
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Traditional Chinese medicine — Computerized tongue
image analysis system —

Part 5:

Method of acquisition and expression of tongue colour and

tongue coating colour

1} Scope

This document describes a method of acquisition of tongue image and expression of tongue cqlour and
cpating colour by computerized tongue image analysis system (CTIS).

This document does not cover the clinical tongue diagnosis result.

2| Normative references

There are no normative references in this document.

3 Terms and definitions

Fpr the purposes of this document, the following térms and definitions apply.

[§0 and [EC maintain terminological databases for use in standardization at the following addfesses:
— ISO Online browsing platform: available at https://www.iso.org/obp

—+ IEC Electropedia: available atthttp://www.electropedia.org/

3(1

tongue body

muscles and vessels of the-tongue

3{2

tongue coating

lgyer of fur-like.substance stuck on the tongue

313

tongue.colour

cplotr of the tongue body

3.4

coating colour

colour of the tongue coating

3.5

tongue image

digital image acquired by the device

© IS0 2019 - All rights reserved 1
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L*a*b* colour space
three-dimensional, approximately uniform colour space, produced by plotting, in rectangular
coordinates L*, a*, b*

Note 1 to

entry: The quantity L* is a measure of the lightness, where L* = 0 corresponds to black and L* = 100

corresponds to the perfect reflecting diffuser. Visually, the quantities a* and b* represent respectively the red-
green and yellow-blue axes in colour space, such that:

— +a*is ameasure of the degree of redness;

— -a*i
—  +b*i
— -b*i
If both a*

[SOURCH
and "ach

3.7
standar
apparatu

Note 1 to
colour ch

4 Colg

4.1 Ch

With the
the whit
This is 1
colour), {

In view @
calculate

4.2 Calibration of thecacquisition device

4.2.1 General

In order
resulting

5 a measure of the degree of greenness;

5 a measure of the degree of yellowness;

5 a measure of the degree of blueness.

and b* are equal to zero, the test piece is grey.

: CIE 17.4, 845-03-56, 1SO 5631-2:2015, 3.6, modified — "of the test piece” has been removegd
romatic" has been replaced with "grey".]

[ colour chart
s consisting of 24 single colour patches used for the evaluation'of colour calibration of CTIS

entry: The colour chart in this document is supplied by Pantene."It can be replaced when a new specipl
hrt made for tongue colour is available.

pur calibration of the acquisition device

oice of colour space

help of L*a*b* colour space's specialfeatures, white balance calibration can be done by setting
e balance parameter on the camerabefore taking the photo or adjusting during post-processing.
ecause L* represents lightness,which is completely independent of a* and b* (representqd
ind thus the adjustment of thie L* does not affect image colour data.

fimage compatibility, thie parameter ranges of various tongue colour and tongue coating coloyr
d in L*a*b* colour space can be converted to any other colour space by conversion formulas.

to reflect realistic tongue colour information in the tongue image, chromatic aberratidn
from the acquisition device itself should be adjusted. Therefore, the prerequisite procedute

for tongt

eimage :\n:\]ycic isto calibrate the device hardware characteristics. The calibration ismadein
(=]

two step

s. The first is whiteboard calibration, and then colour calibration.

4.2.2 Whiteboard calibration

As one of the factors affecting colour calibration, the determination of the camera's shooting mode is an
important part of tongue image acquisition, which has a close association with whether the collected

data are

real or not. Once fixed in a certain mode (except AUTO mode), the system error of colour is

relatively constant. Therefore, once colour distortion is determined under the current mode, the
adjustment value is also determined.

Tongue colour analysis needs high-quality images, so it is necessary to check if the auto white balance
by the camera is valid enough for our research. Most commercial cameras can adjust the white balance

2
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automatically by the software installed in them. A method named whiteboard calibration is offered in
this document to meet users’ needs for colour high-fidelity images. This method is also useful for those
cameras that cannot adjust the white balance automatically.

Whiteboard calibration is carried out using the following steps:
1) Take pictures of a standard whiteboard with the device.

2) Select 24 points that are distributed evenly and calculate colour deviation Ae; for each using
Formula (1) and average deviation AE using Formula (2).

3) Adjust the white balance value according to the average deviation value.

4) Repeatsteps 1), 2) and 3) until the colour deviation value is less than 5.

%2

ngle deviation:

L*a*b* colour space: Ae; = \/AL*2 +Aa 2 +Ab"? (@8]
Average deviation:

1
AE=—7Y Ae; 2
24z ! (2)

—3

he suggested sample points are positioned in Figure 1:
sample point

1 2 3 4 5 6

13| 14 15| 16| 17| 18

19(~ 20( 21| 22| 23| 24

edge of the picture

Figure 1 — Position of sample points for whiteboard calibration

4{2.3 Colotur calibration

(@)

blour'ealibration in L*a*b* colour space is carried out using the following steps:

11 Take pictures of 24 kinds of colour on a standard colour chart with the device

2) Calculate the real L*a*b* value for the tongue image by linear interpolation. Take L* component as an
example. For each pixel in a tongue image, its real L value (L,) will be calculated using Formula (3).

Lr _LrO Lrl _LrO

In Formula (3), L, represents the raw L* value from the image. L, comes from a certain pixel of tongue
image. Ly and Ly, are calibration points coming from the image of the colour chart. L., and L
represent the value of the colour chart. For any L* value from any pixel in the tongue image, the two
closest calibration points are found and the L. will be calculated.

© IS0 2019 - All rights reserved 3
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A sketch is shown in Figure 2. Point X and Y are the reference points on the colour chart. L ;and L, are
respectively the L*value of Point X and Y according to colour chart (here subscript r refers to real
value). Ly and Ly are raw L* value coming from the photo of reference point on the colour chart (here
subscript g refers to acquired value).

Ly

Lr

Figure 2 — A sketch of linear interpolation

Here lingar interpolation is used for the calibration of the acquisition de¥ice since the referenced coloyr
chart cap only supply 24 kinds of colour. For pixels which drop betieen two calibration points, there
should ble a method to calculate deviation for correcting image¢n-this case, linear interpolation is|a
simple apd accurate method to do the work. Annex A provides.an example of linear interpolation for
certain (TIS.

Because|of the short distance between the device and\the tongue, the collected image geometrjc
distortign is very small, so geometric correction is excluded.

5 Methods of digital representation of tongue colour and coating colour

5.2 Histogram method

A histogram bar plot is used to show the distribution of tongue image in L*a*b* colour space.
A histogram is an accurate graphical representation of the distribution of numerical data. To construct
a histogram, the first step is to "bin" the range of values - that is, divide the entire range of values into
a series of intervals using Formula (4) - and then count how many values fall into each interval using
Formula (5). In this document, data of the images in the same catalogue is sorted into 20 equally spaced
bins between min and max value, and the L*a*b* values of every pixel on the sample are counted.

Wp =(Wmax _Wmin)/zo (4)

4 © IS0 2019 - All rights reserved
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hy, = total pixel number which L* (or a*, b*) value fall in the range of certain bin (5)

5.3 Mean value method

This document also uses the mean value method to represent colour, that is, to get the average pixel
value on the examples using Formula (6). And an expression formula of "mean * standard deviation" is
used to indicate the colour range of tongue colour and coating colour under every colour category.

Lave Z_LLi,j (6)
n
where
L,,e is the mean value of all the L value of the sample picture;

n isthe total number of pixels of the sample picture;
i is the row number of a certain pixel;

j  isthe column number of a certain pixel.

Alnnex B presents an example for different methods of<digital representation of tongue colour and
pating colour by tongue images within a certain database.

(@)

© IS0 2019 - All rights reserved 5
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Annex A
(informative)

Validity of tongue image acquisition and analysis

A1 To

In this
instrumg

The pard
1) colo
2) colo
3) shod
4) shut|
5) aper
6) ISO
7) data
8) colo

A.2 C4

Colour deviation tests are done in the [*a*b* colour space. The L*a*b* values of the selected colour
1 the original collected are asfollows. Table A.1 shows the difference between colour chart an
pn image, which means thie'calibration of cameras is needed.

chartan
acquisiti

ngue image acquisition

locument, testing equipment was used to acquire tongue image. This tongue didgnostjc
bnt meets the requirements of ISO 20498-1 and I1SO 20498-2.

meter settings of the testing equipment are as follows:
ir rendering index: 92,7 %;

ir depth: 24 bits;

ting mode: M;

ture: 5,6;

ensitivity: 40

ter speed: 1/200 s;

0;

format: Jpeg + Raw;

Ir space: L*a*b*.

libration formula of the device

Table A.1 — Colour deviation data in L*a*b*

d

No. Colour Chart | Celour Chart | Colour Chart The Image The Image The Image
L* a* b.* L* a,* b,*
1 65,367 6 7,356 7 10,080 2 63,961 5 -1,2458 18,968 1
2 82,8746 6,5411 9,3515 85,561 4 1,366 1 13,5286
3 744,082 2 -1,297 -13,048 5 76,556 -9,2325 -11,5981
4 69069 6 -11,8913 15,5587 70986 8 -32,309 5 40914 6
5 77,280 8 6,828 9 -14,179 4 80,679 2 -1,1651 -9,703 1
6 85,203 8 -19,083 1 -0,5312 87,1579 -21,8441 3,817
7 78,712 9,413 7 42,635 79,5655 1,752 2 62,319 3
8 67,1955 7942 6 -26,436 4 67,464 8 0,612 4 -31,297
9 72,3214 25,187 3 6,040 8 71,597 9 26,238 13,5723
10 59,6381 19,1059 -17,189 4 57,9297 6,748 2 -12,1007
11 85,821 4 -19,006 6 40,095 5 89,475 5 -33,762 4 62,0657
12 84,842 -0,2318 49,057 3 85,4069 -16,29 3 74,814 2
13 58,059 3 14,361 3 -35,5258 54,5409 59738 -42,928

© ISO 2019 - All rights reserved
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N Colour Chart | Colour Chart | Colour Chart The Image The Image The Image
0. * * * * * *
L, a, b, L, d, b,
14 75,706 5 -29,4116 21,564 4 80,123 6 -42,9383 37,108
15 62,875 4 351 11,5775 61,705 2 33,0583 25,17
16 89,837 7 -10,1857 64,050 7 90,8429 -22,397 1 68,004 7
17 72,183 31,054 -12,803 2 74,061 7 25,054 6 -11,994 3
18 71,2309 -30,582 -19,099 6 76,117 8 -21,388 4 -18,715 4
19 98,139 8 -0,079 4 0,216 4 96,991 -6,064 8 4,208 9
20 90,976 4 0 0 92,5377 -8,2416 5916 7
21 83,3081 0 0 85,326 6 -8,2731 53581
22 74,708 -0,1258 0,343 1 77,3133 -8,856 8 59814
23 64,429 9 0 0 63,177 -8,262\2 4947 3
24 52,2777 0 0 44,1251 =7,341 4,139
Uking Table A.1, the calibration formulas can be calculated by linear interpolation. Calibration formulas
of L* are shown as below:
52,2777 + 0,55508 (L, 441251 ) =L, 44,1251 g< p45409
58,0593 +0,465888 (L,_ 54,5409 )=L, 54,5409 <L,< (579297
59,6381 +0,857449 (L, 579297 )=L, 579297 <Lg< 61,7052
62,8754 + 1,05619 (L,. 61,7052 )=L, 61,7052 <Ly< 63,177
64,4299 +1,195284 (L,. 63,177 )=d, 63,177 <Lg< [63,9615
65,3676 +0,521765 (L, 63961'5-) =L, 639615 <L,< 674648
671955 +0,532112 (L, 674648 )=L, 67,4648 <L,< 70,9868
69,0696 + 0,421 224 (LgA\ 70,9868 )=L, 709868 <L,< 76,1178
71,2309 +-0,46306_(L,_ 76,1178 ) =L, 74,0617 <L,< (76,1178
72,183 + -0,05617 (Lg- 74,0617 ) =L, 71,5979 <L,< |74,0617
72,3214 +90,355136 (Lg- 71,5979 ) =L, 71,5979 <Lg< 76,556
74,0822,¥+ 0,826 357 (L,_ 76,556 ) =L, 76,556 <Lg< 77,3133
74708 + 0,3553 (L, 773133 )=L, 77,3133 <L,< 80,1236
25,7065 +2.833513 (I, 801236 )=1, 80,1236 <L,< 180,679 2
77,2808 + -1,28509 [Lg_ 80,6792 )=L, 79,5655 <Lg,< 80,6792
78,712 + 0,694 241 (L, 79,5655 ) =L, 79,5655 <Lg,< 855614
82,8746 +-1,84625 (L, 855614 )=L, 853266 <Ls< 855614
83,3081 + 1910212 (L, 85,3266 )=L, 853266 <L,< 854069
84,842 +0,206625 (L, 854069 )=L, 854069 <L,< 871579
85,2038 +0,266483 (L,. 871579 )=L, 871579 <Lg< 894755
© IS0 2019 - All rights reserved 7
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858214 + 293718 (L, 894755 ) =L,

89,8377 + 0,671879 (Lg_ 90,8429 ) =1L,

909764 + 1,60856 (L, 92,5377 )=L,

Calibration formulas of a* are shown below:

-30,582

+

-0,054 31

(ag_

-21,388 4

894755 <Lg<
90,8429 <L,<

92,5377 < Ly <

-42,938 3

90,842
92,537

9
7

96,991

-21,388

-29,4
-19,0
-19,0
-11,9
-10,1
-1
-0,2
-0,1
-0,0

6,3
6,9
7,3
79
94

14,3

19,1

116
831
066
913
857
,297
318
258
79 4

0

0

0

0
411
289
567
426
137
613
059

0,489 637
-0,006 42
4,897 309
0,172 067
0,675 197
-0,150 87
0,014 255
0,016 619
-0,036 48
0

0

0

0,751 237
-0,1137
-6,540 27
0,315 305
1,290.665
1,171 973
6,126 808

0,312 03

(ag-
(ag-
(ag-
(ag-
(ag-
(ag-
(ag-
(ag_
(ag_
(ag_
(a-
(a-

(a-

-42,938 3
-21,844 1
-33,762 4
-32,309 5
-22,397 1
-9,2325
-16,293
-8,856 8
-6,064 8
-8,2416
-8,273.1,
-8,262 2
-7,341
1,366 1
-1,1651
-1,2458
0,612 4
1,752 2
59738

6,748 2

-42,938 3
-33,762 4
-33,762 4
-32,3095
-22,397 1
-16,293
~16,293
-8,856 8
-8,2416
-8,2731
-8,2731
-8,262 2
-7,341
-1,1651
-1,2458
-1,2458
0,612 4
1,752 2
59738

6,748 2

-21,844
211,844
-32,309
-22,397
-9,232
-9,232
-8,856
-6,064
-6,064
-8,241
-8,262
-7,34
1,366
1,366
-1,165
0,612
1,752
5973

6,748

26,23

25,187 3

31,054

-4,957 5
0,505 516

26,238
25,054 6

25,054 6
25,054 6

4
1
1

8

26,238

33,058

3
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Calibration formulas of b* are shown as below:
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-35,5258 + -042178 (b,  -42,928 )=b,  -42928
264364 + 0347811 (b  -31,297 )=b,  -31,297
19,0996 + -016027 (b, -187154 )=b, -187154
—-1/,109 4 + 2,071 719 LDg_ —=12,100 / ) =D, -1Z,100 7/
-14,1794 + 0114089 (b,  -9,7031 )=b, -11,5981
-13,0485 + 0018633 (b, -11,5981 )=b, -11,9943 .
-12,8032 + -1,73812 (b, -11,9943 )=b, -119943
-0,5312 + 0071434 (b, 3,817 )=b, 3,817
0 + 0 (b 5,976 7 )=b,_ () 53581
0 + 0 (b 5,358 1 ) £b; 4,947 3
0 + 0 (b 4,947 3 )=b, 4,739
0 + 1985321 (b, 4,739 )=b, 42089
02164 + 0137538 (b, 42089 )=b, 42089
03431 + 0654374 (b, 5,931 4 )=b, 5,931 4
60408 + -130796 (b, . 135723 )=b, 13,5286
93515 + -9,02974 (gt 13,5286 )=b, 13,5286
10,0802 + 080578 . (b, 189681 )=b, 189681
11,5775 + 3492898 (b, 25,17 )=b, 25,17
155587 + 1432612 (b, 409146 )=b, 37,108
21,5644 +C52392962 (b, 37,108 )=b, 37,108
40,095 5<% 0130299 (b, 62,0657 )=b, 62,0657
42,635 + -542699 (b, 62,3193 )=b, 62,3193
49,0573 + 1873309 (b, 74,8142 )=b, 68,0047

-31,297

-18,715 4

-12,100 7

-9,703 1
-9,703 1
11,598 1
3,817
59767
59767
53581
4,947 3
4,739
59314
13,5723
13,5723
18,968 1
25,17
40,914 6
40914 6
62,065 7
62,319 3
74,814 2

74,814 2
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Annex B
(informative)

Example for representation of tongue colour and coating colour

B.1 Geéneral
,\Cb

This annlex uses an example to introduce the method for digital representation of tongue colouf,'&d the
data and|results in the example cannot be used as a guideline for clinical classification. The ﬁgquisiticn
procedure of the tongue images used in this document meets the requirements of IS 20498-1 anld
ISO 20498-2. A.1 shows the details of acquisition environment and the device. Qb‘
B.2 Sampling from tongue image &

Tongue ¢olour and coating colour are calculated using samples taken fr arge number of tongue
images. Those parts which can reflect tongue colour and coating colour will'be taken out by a 50*50 pjx
window.|[Figure B.1 shows the process.

50x50 pixels

O + Original tongue photos

%\ Figure B.1 — Sampling from tongue image

QO
&

B.3 Clpster distribution of tongue colour and coating colour

B.3.1 (Ilﬁg/%er of tongue colour

Figure B.2 shows the space distribution of tongue colour in L*a*b* space, and every point maps an
example of the tongue image.
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5O [ CER e 30 [

0 20 40 60 80

: T~ .
Figure B.2 — Distribution of tongue colour in L*a*b* space

—

Afcording to the classical theory Q%é;ditional Chinese medicine, tongue colour is commonly divided
nto five classes: pale white, paleCr,e , red, dark-red, purple. Therefore, the cluster number is|set to 5.
hese samples are clustered by k-means to five classes. The results are shown in Figure B.3.

—3

ngue type A
ngue type B
ngue type C
ngue type D
ngue type E
ster Centre

Figure B.3 — k-means cluster in L*a*b* space
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The colour values of cluster centres in L*a*b* space is calculated by the cluster method as follows:

1) tongue colour type A

L*: 33,980 6; a*: 16,766 9; b*: 2,018 6;
2) tongue colour type B

L*: 54,853 3; a*: 9,032 5; b*: 5,690 7;
3) tongue colour type C

L*: 33,196 1; a*: 34,693 6; b*: 16,624 6;
4) tongue colour type D

L*: 48,093 0; a*: 21,857 2; b*: 10,797 1;
5) tongue colour type E

L*: 3

,331 5; a*: 25,129 1; b*: 11,123 2.

B.3.2 Distribution of tongue colour

For each

category, the frequency histograms of tongue colour in L*a*b* space are shown in Figure B.4
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Figure B.4 — Frequency histograms of tongue colour in L*a*b* space

B.3.3 Cluster of tongue coating colour

Figure B.5 shows the distribution of tongue coating colour in L*a*b* space. Every point maps an example

from the tongue image.

12
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Figure B.5 — Distribution of tongue coatn% our in L*a*b* space

Akcording to the classical theory of traditional Chinese Qlcme coating colours are commonly divided
nto three classes: white, yellow and grey-black. Ther & the cluster number is set to 3. Thesg samples
e clustered by k-means into three classes. The res@ are shown in Figure B.6.

Q=

+ coating type A
+ coating type B
+ coating type C
=+ cluster center

10

Q‘ Figure B.6 — k-means cluster in L*a*b*

The f{@ values of cluster centres in L*a*b* space is calculated by the cluster method as follojs:

_

%oating colour type A

L*:36,515 5; a*:12,835 1; b*:6,835 9;
2) coating colour type B

L*:50,304 3; a*:9,439 6; b*:16,296 2;
3) coating colour type C

L*: 24,026 1; a*:10,110 7; b*:4,097 6.
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