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Abstract

Distinction of Hot-Cold Using Fuzzy Inference

Yun Ji Jang"” - Young Eun Kim" - Chul Kim"” - Mi Young Song” * Eun Joo Rhee””

UKorea Institute of Oriental Medicine
?Department of Computer Engineering, Hanbat National University

Objectives
Recently the fuzzy logic is widely used in the decision making, identification, pattern recognition, optimization
in various fields. In this study, we propose the fuzzy logic as the objective method of distinguishing hot and

cold, the basis of diagnosis in Korean medicine.

Methods
We developed fuzzy inference system to distinguish whether the subjects had hot or cold. The cold and hot
questionnaire of Korean traditional university textbook, the pulse rate and the DITT value of face used in the
system. These three kinds of information were defined as ‘fuzzy sets,” and 54 fuzzy rules were established on
the basis of clinical practitioners’ knowledge. The fuzzy inference was performed by using the Mamdani’s
method. To evaluate the usefulness of the fuzzy inference system, 200 cases of data measured in the Woosuk
university hospital of oriental medicine were used to compare the determining hot, normal, cold results obtained

from the experts and from the proposed system.

Results
As a result, 100 cases of “cold”, 54 cases of “normal”, and 34 cases of “hot” were matched between the experts

and the proposed system. This fuzzy system showed the conformity degree of 94%(K=0.853).

Conclusions
In this study, we could express the process of distinguishing hot-cold using the fuzzy logic for objectification
and quantification of hot-cold identification. This is the first study that introduce a fuzzy logic for distinguish
pattern identification. The degree of the heat characteristic of the patients inferred by this system could provide

a more objective basis for diagnosing the hot-cold of patients.
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Figure 1. Architecture of distinction system of hot—cold
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Table 1. Questionnaire
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Figure 2. Boolean logic and Fuzzy logic
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No. Question Calc.
1 |My face is pale. -1
2 |I have generally reddish facial tone. +1
3 | My eyes get easily bloodshot. +1
4 |1 drink water frequently since I often feel thirsty. +1
5 |1 prefer cold water or cold foods. +1
6 |1 prefer warm water or warm foods. -1
7 |1 usually have yellow phlegm when I have cold or even when I do not have one. +1
8 |I usually have sticky or curdled phlegm when I have cold or even when I do not have one. +1
9 |1 usually have white phlegm when I have cold or even when I do not have one. -1
10 |I usually have clear phlegm when I have cold or even when I do not have one. -1
11 | The size of my meal is smaller than that of others or was reduced unlike before. -1
12 |1 feel bloated after meals. -1
13 |1 prefer cool. (winter, cold floor, air conditioner) +1
14 I prefer warm. (summer, warm floor, hand warmer, or warm clothing; usually wears long sleeves 1

except a few days in midsummer; seeking warm places)

15 |My hands and feet often get warm or frequently flushed. +1
16 |My hands and feet are cold. -1
17 |1 easily get angry. +1
18 |1 feel low. My body seems to have no strength. -1
19 |1 usually get boils on skin. +1
20 |I usually have hard stools. +1
21 |1 usually have soft stools, but they have shape. -1

The subjects checked their symptoms or habits in the questionnaire themselves, and the score was calculated.
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Table 2. Weights of input variable proposed by experts,

Input variables

Experts Hot-Cold Questionmires Data Pulse Rate Thermology
A 0.6 0.3 0.1
B 0.25 0.5 0.25
C 0.33 0.34 0.33
D 0.5 0.2 0.3
E 0.3 0.5 0.2
Average 0.40 0.37 0.23
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1| IF Questionnaires Data is Very Low and Pulse Rate is Low and Thermology is Low then Distinction is Cold
2| IF Questionnaires Data is Very Low and Pulse Rate is Low and Thermology is Medium then Distinction is Cold
3| IF Questionnaires Data is Very Low and Pulse Rate is Low and Thermology is High then Distinction is Cold
20| IF Questionnaires Data is Medium and Pulse Rate is Low and Thermology is Medium then Distinction is Cold
21| IF Questionnaires Data is Medium and Pulse Rate is Low and Thermology is High then Distinction is Normal
22| IF Questionnaires Data is Medium and Pulse Rate is Medium and Thermology is Low then Distinction is Normal
43| IF Questionnaires Data is Very High and Pulse Rate is High and Thermology is Low then Distinction is Hot
44| IF Questionnaires Data is Very High and Pulse Rate is High and Thermology is Medium then Distinction is Hot
45| IF  Questionnaires Data is Very High and Pulse Rate is High and Thermology is High then Distinction is Hot
Figure 4. Example of fuzzy rule bases

No. Questionnaires data  Pulse Rate Thermology  Proposed system Professional verification = Concord

1 -2 70 28.8 2.02 Cold Y

2 -1 64 30.3 3.23 Cold Y

3 0 68 30.6 5 Normal Y

4 1 54 30.3 4.74 Normal Y

5 0 54 28.6 2.97 Cold Y

6 -3 89 31.7 4.87 Cold N

Figure 5. Example of results concerning hot—cold
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Table 3. Results of conformity degree analysis
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Professional verification

Cold Normal Hot Total

Cold 97 9 0 106
Fuzzy system Normal 3 51 0 54
Hot 0 6 34 40

Total 100 66 34 200
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