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Abstract

Objectives : The aim of this study is to develop the system and evaluate the optical analytical technique
that reflects acupoint pigmentation and extravasated blood by cupping.

Methods : We designed the system able to express XYZ coordinate on local skin color. To evaluate
measurement—accuracy, we compared with 24 Color Checker Chart by standardized Commission
Internationale de I'Eclairage. After confirming the performance of system, we experimented with cupping
which was 80 kPa negative pressure for 1 minute on left/right BL13. The X, Y and 7 values were
converted to R, G and B, L*, a* and b* Erythema Index (E.L), and Melanin Index (M.I). We compared and
analyzed two cases on before/after cupping.

Results : The R, G and B values which were converted by X, Y and Z values had high linearity as a high
level of R—square (R: 0.969, G: 0.996, and B: 0.992). Moreover, we confirmed that it was possible to
quantitatively analyzed the change in skin color by cupping using R, G, B, L*, a* b* E.L, and M.L
Conclusions : Therefore, we proposed the new analytical technique for objectifying the oriental medical
diagnostic method using cupping and optical sensing technique.
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Fig. 1. Integral true sensor[XYZ sensor](left) and
sensing principal(right).
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Fig. 2. Sample of the optical measurement system
for controlling the XYZ sensor.
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X 1.3077 0.0154 — 0.0583] [ X
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Zlpsy  1—0.01200.0204 0.6906 || Z] ),

Equation 1. Bradford Matrix
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Equation 2. XYZ to RGB Convert
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W:g is average red and green value of 99%
diffuse reflectance white standard
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Y
LF= 116 (%) that is used as reference for normalization and
=500 [ X )§ L v )é] Srg is the red and green color image of the sample.
Xn Yn Equation 4. E.I & M.I Equation Using RGB
1 1
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Where R;z=S;o/W:, and the 't’ and 'g’ indicated
red and green respectively.

R. is the normalized sample(patient) reflectance
image of red and green color,
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Table 2. The Value of R,G,B Before and After
Cupping(Left BL13, Right BL13)

Left BLI3 R-Value G-Value B-Value
Before a0 7041102 1216041430 90954593
Cupping
After 106381354 702242399 8884+15.80
Cupping
Right BL13 R-Value G-Value B-Value
Before a5 541645 113.74+1958 92.04.£22.37
Cupping
ATter 105341201 80.39+79.01 92.89+23.79
Cupping
RGB change pattern
140 ;\i
g 120 - .o -
E 1:2 : P\\\\i
40 —eR-Value
20 4 + —G-Value
4 <--»B-Value
Before Cupping After Cupping ‘
RGB change pattern

“Right BL13-

8bit Value
(U

e—eR-Value
+ —G-Value
<--»B-Value

Before Cupping After Cupping

Fig. 3. R,G,B change patterns of the Left & Right
acupoint by cupping(Left BL13, Right BL13).

3. L, a, b 54

Fig. 4= 9 1090l i3t x/9 #<=(BLI13)
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02602 $% AF ¥ 2749e FAsige,

Table 3. The value of L*a*b* before and after
cupping(Left BL13, Right BL13)

Left BLI3  L+*Value

ax—Value b*-Value

Before Cupping 75.17+0.95
After Cupping 67.12+1.69

1.87£2.65 14.01£1.48
19.95£5.86  2.74+4.80

Right BL13  L*-Value

ax—Value bx-Value

Before Cupping 73.88+1.98
After Cupping 66.83£1.79

0752141 11.84£398
17.224459 0.68+7.05

L*a*b* change pattern
—Right BL13-

100 - e—s *-Value
+ —a*-Value

80 + <--»b*-Value

60 4

40 4

20 }

sl
20 4

Before Cupping

After Cupping

Fig. 4. L*,a*,b* change patterns of the Left & Right acupoint by cupping(Left BL13, Right BL13).
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Table 4. The Value of E.I & M.l Before and After
Cupping(Left BL13, Right BL13)

Left BL13 El M.I
Before Cupping 4.9046.60 27531866
After Cupping  22.25£15.45 30.59+3.20

Right BL13 El M.I
Before Cupping 8.04+3.41 27544521
After Cupping 18.09+£8.73 33.09+4.57
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Fig. 5. E.I & M.l change patterns of the Left & Right acupoint by cupping(Left BL13, Right BL13).
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