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Application of Taguchi’s Robust Design Method in Optimization of Measuring
Electrical Properties on Acupoints: A Pilot Study
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[l)ep[ of Biofunctional Medicine & Diagnosis, College of Oriental Medicine, Kyunghee University
Dept. of Acupungture & Moxibustion, East—west Neo Medical Hospital, Kyunghee University
“Dept. of Oriental Biomedical Engineering, Sangji University

Abstract

Objectives : The objective of the current study is to optimize an acupoint electrical property measurement
system by using the procedures and strengths of the Taguchi method.

Methods : Taguchi method was applied in the optimization of the acupoint electrical property measurement
system, as in the following steps: (1) determine evaluation index; (2) execute the 1st gage R&R; (3) identify
controllable and uncontrollable factors; (4) design Taguchi crossed array layout; (5) execute experiments
according to trial conditions; (6) analyze testing results; (7) determine optimum run; (8) execute the 2nd gage
R&R; (9) confirm optimum run.

Results @ The results showed that electrodes with larger diameter and efferent electric current, with music
played, can produce the larger different electrical conductivity between the acupoints and the non-acupoints
under various conditions. Taguchi process optimization improved repeatability and reproducibility of the
acupoint electrical property measurement system.

Conclusions : In the optimized condition, repeatability and reproducibility of the acupoint electrical property
measurement system was acceptable.

Key words : electrical property, acupoint, Taguchi method, gage R&R.
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Table 1.
and their levels

M AERE o|8st AEXo| mf

Controllable and uncontrollable factors

Factors Level 1 Level 2

Controllable A Contact pressure A; : Pressure Ay No pressure
B : Electrode size By : Diameter 4mm B, © Diameter 8mm
C : Current direction C; : Afferent G, Efferent
D : Music D On D, Off

Uncontrollable E © Sweat glands  E; © Rest Ey & After walking
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Table 2. Taguchi-crossed array parameter design

layout
Outer array
Run E
1 1
2 2
Inner array
Run A B C D S/N Mean SD CV
1 1 1 1 1 S/Ny M; SD; CV,
2 1 1 2 2 S/N, M, SD; CV,
3 1 2 1 2 S/Ns Ms  SDs; CVs
4 1 2 2 1 S/Ny My  SDs CVy
5 2 1 1 1 S/Ns M5 SDs CVs
6 2 1 2 2 S/Ne Mg SDs CVs
7 2 2 1 2 S/N7 M;  SD; CVy
8 2 2 2 1 S/Ng Mg SDs CVg

Controllable factors and uncontrollable factor are
analyzed with Lg(2") matrix. /N means signal to
noise ratios; SD, standard deviations; CV, coefficients
of variation.
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Table 3. Results of the 1st gage R&R

Varianc

Source . SD %SD
Total Gage R&R 0.0214 0.1465 52.04
Repeatability 0.0062 0.0787 2197
Reproducibility 0.0153 0.1235 4388
Operator 0.0022 0.0472 16.78
Operator*Sub _
. 0.0130 0.1141 40.55
ject
Part-to-Part 0.0578 0.2403 85.39
Total Variation 0.0792 0.2814 100
Number of Distinct Categories 2.31

%SD = SDearh component / SDtotal variation X 100

Number of distinct categories
= 141 % SDput-toPut / SDrotal Gage ReR
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Table 4. Results of the Taguchi crossed array parameter design

Quter array

Run Sweet glands

1 Rest

2 After walking

Inner array

Subject Run Contact Pressure Electrode Diameter Current Direction Music E; E SN Mean SD Ccv

1 1 Pressure 4mm Afferent On 0098 0521 -17.316 0310 0299 0966
2 Pressure 4mm Efferent Off 0090 1450 -17922 0770 0962 1.249
3 Pressure 8mm Afferent Off 0831 7388 1348 4110 4637 1128
4 Pressure 8mm Efferent On 372 402 11739 3872 0212 0055
5 No pressure 4mm Afferent On 0067 2924 -20471 14% 2020 1351
6 No pressure 4mm Efferent Ooff 0109 1092 -16284 0601 06% 1158
7 No pressure 8mm Afferent Off 1086 6981 3623 4034 4168 1033
8  No pressure 8mm Efferent On 2531 5912 10345 4222 2391 0566

2 1 Pressure 4mm Afferent On 0267 0964 -8781 0616 0493 0801
2 Pressure 4mm Efferent Off 0059 0871 -21593 0465 0574 1235
3 Pressure 8mm Afferent Off 1059 783 3430 4446 4790 1077
4 Pressure 8mm Efferent On 2286 2222 7057 22%4 0045 0020
5  No pressure 4mm Afferent On 0303 1640 -7507 0972 0945 0973
6 No pressure 4mm Efferent Off 0034 0251 -26439 0143 0153 1.077
7 No pressure 8mm Afferent Off 1431 7348 5961 4390 4184 0953
8  No pressure 8mm Efferent On 2572 3126 8971 2849 0392 0138

Abbreviation was described previously.

Table 5. Response table

Contact pressure Electrode diameter Current direction Music
A Ay B By G G D Dy
Subject 1 /N -5538 5697 -1798 6764 8204 -3.030 -3926 -7.309
Mean 2265 2588 0794 4059 2487 2366 2475 2.318
SD 1527 2319 0994 282 2781 1065 1.231 2615
Subject 2 /N 4972 4753 -16080 63 1724 8001 -0.065 -9.660
Mean 1945 2088 0549 348 2606 1428 1673 2.361
SD 1476 1419 0541 233 2603 0291 0.469 2425

Abbreviation was described previously.
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Subject 1 Subject 2
Main Effects Plots for 5™ Hatios
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Fig. 2. Response graphs for the controllable factors. The horizontal axis shows the different
levels of the each controllable factors. The vertical axis shows the values of the S/N
ratio, mean and standard deviation. The lines represent the trend of each factor with
respect to different levels.
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Table 6. Results of the 2nd gage R&R

Source Variance SD %SD

Total Gage R&R 2.6600 1.6310 1456
Repeatability 2.6600 1.6310 1456
Reproducibility 0.0000 0.0000 0.00
Operator 0.0000 0.0000 0.00
Part-to-Part 122.9100 11.0865 BHA
Total Variation 1255600 11.2054 100.00
Number of Distinct Categories 958

Abbreviation was described previously.
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