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Quantitative Study on Tongue Images according to Exterior,
Interior, Cold and Heat Patterns

Yun-hye Eo, Je-gyun Kim, Hwa-seung Yoo,
Jong-yeol Kim, Kyung-mo Park
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Tongue diagnosis is an important diagnostic method in traditional Oriental medicine. It has been especially accepted
that quantitative analysis of tongue images allows the accurate diagnosis of the exterior-interior and cold-heat patterns
of a patient. However, to ensure stable and reliable results, the color reproduction of such images must first be
error-free. Moreover, tongue diagnosis is much influenced by the surrounding illumination and subjective color
recognition, so it has to be performed objectively and quantitatively using a digital diagnostic machine. In this study,
457 tongue images of outpatients were collected using the Digital Tongue Inspection System. Through statistical
analysis, the result shows that the heat and cold patterns can be distinguished clearly based on the hue value of the
tongue images. The average hue value (1.00) of the tongue’s image in the cold pattern is higher than that in the

Key Words: tongue diagnosis, computer—assisted signal processing, digital tongue inspection system.
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Table 1. Physiological examination

% 44 A8 gSoz 745,
BN 4 9 323 4 99

W7l A& ety 22 FAEY. v

A2 AL A (tongue body)e] A,

A e (tongue

coat)e] Az AH 9 gliu|e|ole] FA|, o] & o
§3 Bxle] xEled Aot A BAR 3
e fig 1.2 A3 W& AA Az}

18 YN Y RiE 8S

LR

Stk
2 HE2 P, Yol, E, A
AL, 71, B7A , 2H8E YRS

mean + std
pulse(per min) 77.50+£11.18
respiration(per min) 20.25+4.82
Height(cm) 163.8+8.511
Weight(kg) 62.2+13.96
temperature(C) 36.5+0.36

135



(376) tigHgeIstsl A A27d A2z (20061 64)

140

) dorln

=]

10~19 2029 30~39 40~49 50~59 60~69 T0~79 80~89
£h (M)

Fig. 2. Age distribution of subjects

gt E2GE FHE gotrr] A% I A
3 =AE R I B AEAMEA A=
AAAFZARE FAR)E A 94 %

b A3 st 714 e S8 3, ®

dE 0449 HFE FAga, 9

0-549 AFE FAssith AA &4 5 £,

B9, 23, g9 vee fig 3, 4, 59 2t}
2) ’é—i"é’é} Y53 gxg 47 A A=)(DigiTis)
O A4 9%

24 A2H
Fhvleks 13" CCD Htj 1024 x 768 W4 Alo]
29] GAFE |23 bayer HH4]2] Sony XCD-910C

300

250

200

150

(02) dornt

106

Fig. 3. The exterior-cold and exierior—heat
pattern ratio of the subjects
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Table 2. Results of parameter extraction. (MR, MG, MB: R, G, and B value of tongue body; CR, CG, CB: R, G,
and B value of tongue coating; = the highest frequency value)

mean + std
MR 134.67 +10.39
MG 92.36+9.26
MB 91.91+9.49
CR 140.65+11.14
CG 107.61 £ 10.86
CB 109.06 £11.17
detected tongue body ratio from whole tongue 0.52+0.12
detected tongue coating ratio from whole tongue 0.48+£0.12
*ang]e of long axis of tongue -80.87+£72.56
long to short axis ratio of tongue 1.25+0.17
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Table 3. Parameters (mean=std) of the exterior cold and heat pattern (bp_h: systolic blood pressure, bp_l: diastolic
blood pressure; MH: hue value of tongue body; CH: hue value of tongue coating)

variable exterior cold exterior heat p_value
bp_h (mmHg) 121.5+15.8 129.2+17.3 <0.001
bp_| (mmHg) 72.0+9.9 75.9+11.6 <0.001
B.T.(T) 36.5+04 364+0.3 0.055
Hight (Cm) 162.8+8.3 166.0 + 8.8 <0.001
Weight (Kg) 59.1+11.5 69.3+£18.5 <0.001
MH 1.00+0.01 0.99+0.01 <0.001
CH 0.99+0.01 0.98 £0.01 <0.001
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Fig. 7. Result of reproduction color characteristic graph of DigiTIS. Except for lower value of R, G, and B, most

values change into their right adjusted value
x—axis: standard R,G,B
y-axis: measured R,G,B

MathworksA}e] Matlab 6.xZ A}-83}d A} ]
g duEs 7

A <99 Hde

A4 999l HES Hslel A2 d9& He
2 A3 spline B WY& o]&3te] A AlelE
HAg & AANE A& 9ok fig 8. & 2
o] Ao A HE Mo H3g AANE £
5¢ F AAA 4% 99U 4 495 AEH
o}

2) 44 def £7E AT 94 A

T, 459 A2 FdA dAa deE He
Sta ERete], AA3 dejo] MAPE, dof =
FEE & A4 FE5H Aok

A2 defell Hg) A=t 22 540l 9
o S A A0 A=t 2 FEE 242 R

138

= H o =1 =]
£ AdAeR Arrt e FESs Ay FEe

& 949 s
44, deel A4 BAg A gy 22
< ¢38te] RGB, HSI color space® T3t} RGB
spacet red, green, blue 3789 o2 FAIH 1,
HSI space= hue, saturation, intensity 372 &0
2 74En

A4, A8 74 9499 RGBHSI Z7te] Bt
#e A MAPEE ALEEta, Ho] B HH
2 AZvg, den g, 4 U4, A wek de A
& ©& ¥ & Aggith

44, dele] vE2 AA A "N 4F,



ojfd] 9 491 : EHFBY 4 FA4 A AFH A7 (V)

Fig. 8. Semi—automated Segmentation of Tongue
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Table 4. Parameters of the interior cold and heat pattern (MH: hue value of tongue body, MS: saturation value

of tongue body)

variable interior cold interior heat p_value
Weight (kg) 60.63+11.7 64.93+15.6 0.009
MH 1.00+0.01 0.99+0.01 0.01
MS 0.33+0.03 0.32+0.03 0.009
detected tongue body ratio from 0508012 054+0.11 0.01
whole tongue
detected tongue coating ratio from 0.492+0.12 0.46+0.11 0.01

whole tongue
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Fig. 9. Extraction of Samples for Tongue Body
from Tongue.
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Fig. 10. Extraction of Samples for Coating from
Tongue.
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Table 5. Parameters of the cold and heat patterns (bp_h: systolic blood pressure, bp_I: diastolic blood pressure,

MH: hue value of tongue body)

variable cold heat p_value

bp_h (mmHg) 121£15.5 131.1420.1 <0.001
bp | (mmHg) 71.349.8 76.6£13.2 0.004

Weight 58.3£11.5 69.8422.0 <0.001
MH 1.003+0.01 0.99+0.01 0.01
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Fig. 11. MH, CH ratio of the exterior cold and exterior heat pattern
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(MH: hue value of tongue body)
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