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Abstract

The use of the friction coefficient is known to provide good discrimination ability in the classification of human
constitutions, which are used in alternative medicine. In this study, a system that uses a multi-axis load cell and a
hemi-circular probe is designed. The equipment consists of a sensor (load cell type, manufactured by the authors), an
x-axis linear-bush guide motorized mobile stage that supports the hand being analyzed, and a signal conditioner. Using
the proposed system, the friction coefficients from different constitutions were compared, and the relative repeatability error
for the friction coefficient measurement was determined to be less than 2 %. The direction along the ring finger line was
determined to be the optimum measurement region for a constitutional diagnosis between Tae—eumin and Soyangin types
using the proposed system. There were some differences in the friction coefficient between the two constitutions, as
reported in ancient literature. The proposed system is applicable to a quantitative constitutional diagnosis between
Tae-eumin and Soyangin types within an acceptable level of uncertainty.

Keywords : Constitution, Friction coefficient, multi-axis load cell

I. Introduction

A wealth of studies on constitutions has been

published. Examples include the dichotomy of
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Hippocrates, the quartering method of Hall, the three
constitution theory of Sigauard, the cosmic dual—force
fifty people principle (B&FFHE+ A#) of Huang Di Nei
Jing (¥ M4E), and three docha theory popularized
in India™ Among constitution theories, Sasang
constitutional medicine was initiated by Lee Je-Ma, a
ancient dynasties. Sasang constitutional medicine
focuses on the different constitutional manifestations
of the nature and emotions of an individual. Nature
and emotions drive the ascent and descent of Qi in
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the body. The dynamics of the ascent and descent of
Qi shapes the different types of structure, functions,
and properties of human body types, that is,
Taeyangin, Soyangin, Tae-eumin, and Soeurnin®.
There are a variety of diagnosis methods of the
Sasang constitution ™. However, it is very difficult
to standardize traditional diagnosis methods, as they
are dependent on qualitative judgments of oriental
medicine doctors using senses such as sight, hearing,
and so on. Therefore, it is necessary to develop
equipments for constitutional diagnoses in order to
make it possible to solve these problems using the
functional sensors of each human sense.
Constitutional diagnoses using human skin in
Oriental medicine are classified using the concept of
palpation. From Sasang constitutional medicine, which
follows Oriental medical principles, humans can be
classified according to the properties of their skin,

its texture, hardness,
B~7

including roughness, and

elasticity

From Dongeusoosebowoonm, the propertiecs of
different types of human skin were categorized into
If a Tae-eumin has hard and dense skin that does
not sweat, this person is likely very sick If a
Soeumin has hard and dense skin without sweat, he
is very healthy. A Tae-eumin has solid skin and a
Soeumin has smooth skin (K& A BBHIELE R b,
VA GRIBE QERh, ARANA BE AL
W 34X, in the original Chinese characters). Ancient
Koreann Oriental medicine doctors recorded the
following{ﬁ]i We inspect human skin. The skin of
Tae-eumins is generally thick and rough; sometimes
Tae~eumins have soft skin. People who are Sceumins
generally have soft skin. Soyangins also seem to
have slippery and thin skin, Taevangins show similar
properties to Soeurnins.

However, in Sasangyolamm, ancient Korean doctors
also described the constitutional skin status: We
inspected skin. The skin status of Soyangins is
slippery and thin, but occasionally some Soyangins
have thick skin. The skin of Tae-eumins is thick and

stiff; but Tae-eumins occasionally have soft skin.

(325)
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The skin of Soeurnins is buoyant and soft.

From these examples of ancient literature and from
clinical research™, it is possible to classify the
traditional tactile sensation of human skin as either
‘thick and thin skin’, ‘hard and soft skin’, ‘rough and
fine skin’, or ‘buoyant and slippery skin'.

Skin is an indispensible organ for humans, as it
contributes to metabolism using its own biochemical
functions and protects the human body from external
stimuli.
include its roughness, elastic coefficient, moisture
surface friction
coefficient. However, the last topic has been scarcely
listed
Moreover, there have been few studies on the
skin  friction

The research topics for skin properties

content, oil content, color, and

researched compared with  other topics.

quantitative measurement of the
coefficient® ™,
The

excellent discrimination ability in the classification of

friction coefficient is known to provide
the aforementioned human constitutions. Lee® etal,
hold that Soyangin can be clinically distinguished
from other constitutions using the tactile properties of
human skin on the basis of distinct physical
quantities pertaining to tactile sensation as a frictionc
oefficient. However, relatively littler esearch has been
conducted focusing on quantification of the friction
coefficient of human skin.

In this study, a system that uses a multi-axis load
cell and a hemi-circular probe is designed. The
friction coefficient of the skin on human hands is
measured repeatedly for palpation, an important factor
in Oriental medicine. The optimum diagnosis region
using the proposed system was inspected on the skin
of the human hand.

II. Experimental Setup

Fig. 1 shows the inspection system for the skin of
the human hand. This system is composed of three
sections: a sensing section containing a multi-axis
load cell and a contact probe as denoted with the red
solid line(designed by the authors),

a Sstage
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Schematic diagram of the equipment.
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Fig. 2. Configuration of the binocular-type muli-axis
load cell.

(KS122-300, Suruga Seiki) with a jig to transfer the
hand to be inspected (green dotted line), and a signal
conditioner (MGC plus, HBM) with measuring
modules (ML10, HBM, blue dot-dash line) for the
measured data.

To measure the friction coefficient of skin, it is
necessary to simultaneously measure the forces in
both the normal and moving directions. For these
measurements, a sensor was used to measure the
forces in arbitrarily directions on a x-y plane as well
as the force in the normal z direction. Fig. 2 shows
the configuration of the binocular-type multi-axis
load cell. The sensing unit has upper and lower
rings, each of which has lots of diametrical and
opposite connectors and locking holes. The sensing
unit also has a cross beam that has horizontal and
vertical sections crossing at a right angle. In the
vertical and transverse
binocular openings are formed on the horizontal and

cross  beam, numerous

vertical sections, and each opening has a binocular
cross—section. The horizontal and vertical sections of
the cross beam are spaced apart from the lower and
upper rings, but are connected to the upper and lower

&8 % oA+ E 0|88 o
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Fig. 3. Constant load probe.
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rings through connectors, thus integrating parts of
the sensing unit into a single structure. The ends of
the horizontal section of the cross beam are attached
to the upper ring, and the ends of the vertical section
are attached to the lower ring. This resulfs in
different boundary conditions between horizontal and
vertical sections.

Therefore, the load cell is asymmetric in the
horizontal and vertical directions, although the
sensing element of the cross beam has symmetrical
geometry of 904,

The contact probe was designed to follow the
flexion of the back skin surface of the hand by
maintaining a constant load, as shown in Fig. 3.

The guide is made of stainless steel and the
middle bar of aluminum. The tip and stoppers are
made of Teflon, which is similar in terms of
mechanical properties to human skin.

The carrying stage for the hand is an axis linear
stage with a travel distance of 300 mm in o¢ne
direction. The load capacity is 196 N and the moving
speed varies up to 20 mm/s. For the perpendicular
contacts between the tips and the hands, a carrying
jig (Fig. 4) was fabricated and then tilted to obtain
maximum flatness of the contact point. The lower
part of the arm is fastened so as not to move during
the measurement, as shown in Fig. 4. The measured
data
transferred to a computer via a GPIB cable. The

is sampled at the signal conditioner and

entire measuring system is controlled using software
designed by NI-LabView Version 82.
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Fig. 4. Jig 1o carry the hand being analyzed:
{a) the hand piaceholder, (b) the titting screw for

the vertical direction, (c) the tilting screws for
the x and y directions on the horizontal plane
and (d) fixing part for the lower arms.

o8 5 (@ MM 3o
b} & HOo{E 9Igt 2ZEY 0
Fig. 5. {a) Measurement example and
)

{b) software for equipment control.

Fig. 5 shows an example of the measuring process
and the controlling software.

. Evaluation of equipment : Uncertainty
Before the comparison between the Soyangin and
Tae-eumin types, the measurement ability of the
proposed system was evaluated. Table 1 shows the
calibration results of the load cell, obtained using a
method incorporating a dead weight, a wire, and a

pulley. The maximum interference emror among

(32D
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Table 1. Calibration results of the load cell.
Load cell Fx Fy Fz
Rated load (N) 10 10 10
Rated cutput (mV/V) | 03837 0.3002 06069
N - 0.13% 0.74%
Interference ) Ty =1 0.30% - -025%
P | -030% 0.00% -

theforce signals for each direction was 0.74%. The
interference error was defined as the ratio between
the force component in the loaded direction and the
force component force in each separate direction. The
capacity of the sensor was 10 N for the force
components.

The friction coefficient is defined as the ratio
between the normal force and the force in the
moving direction. It is expressed by Eq. (1):

Horizental Force

(M

Friction coefficient =
Normal Force

Constant load type probes were adopted, as shown
in Fig. 3. While normal force for an fixed probe was
affected by both factors as the normal force was
directly transferred to the load cell in this type
during a contact event, the normal force was
dominated by the mass in the probe for the constant
load type movable probe, which had a buffering effect
during the contact and was not affected by the
thickness the slope of tested.

To verify the accuracy of the system, the friction

and subjects
coefficient of a Teflon plate was measured, because
the friction coefficient between two items consisting
of Teflon is known to be approximately 0.1 according
to the physical status of the Teflon used". The plate
was attached to the jig using commercial 3M tape,
and the sensor tip then made contact with the plate.
The friction coefficient between the Teflonpr obeand
the Teflon plate was measured five times using
round-trip motions. Fig. 6 and Table 2 show the

measurement results. With these data, the uncertainty
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- e 1. resolution of signal conditioner,
" ‘ Fx: force in moving direction,
r
= 100 (%
(a b Weep 3 J?; F, x (%) (5)
r: resolution of signal conditioner,
F,: force in normal direction,
w,, = %—fﬂ"—zxm %) ©)
) it friction coefficient.
a3 6. HEE FxE HBEE (9 £HY, If r is assumed to be 0.02 N (the data from the
b FXE, (o orEAs. manufacturer) and ws is 0.1%6, Wiy, Wip, and Wap
Fig. 6. {a) Horizontal force, (b} nomal force, and

{c) friction coefficient between the Teflon parts.

of the proposed system was calculated.
The expanded uncertainty (W) for Teflon is

expressed as given in Bq. (21
Wp = k-wc,p (%)’ k:2 (95%), (2)

where w.p is the relative combined uncertainty for
the plate. It is defined in Eq. (3):

3

— 2 2 2 2 (o,
W, = \/w,x’p W, L, W, AW, (%)

In Eq. (3, Wxp Wip Wap and ws are the
uncertainties due to the resolution of the force
measurements in the moving direction, the resolution
of the force measurements in the normal direction,
the relative repeatability, and the uncertainty of the
load cell, respectively. The first three uncertainty

values are defined by Egs. (4, (5), and (6),
respectively.
¥ 2 HERPEEZIC ojEAg
Table 2. Friction coefficients of the Teflon parts.

Time 1 2 3 4 5 | Mean
Average | 0052 | 0061 | 0051 | 0.062 | 0062 | 0061

(328)

are 0.29%, 0.023%, and 0.60%, respectively, using the
aforementioned calculations and Fig. 6. The value of
we,p is 067% and that of Wp is 1.35%. These results
show that the proposed system reliably measures the
friction coefficient.

Before measuring the forces at the contact point
between the probe and a hand, the effect of the slope
at the contact point was offset using screws, as
shown in Fig. 4 The friction coefficient has the
geometrical factor(k), as shown in Eq. (7), and k
approaches 1 when a << 1°, Therefore, the effect of
the contact angle on the friction coefficient using
screws, as shown in Figs. 5(b) and 5(c), can be
ignored.

cos’ o

u, <ku

(7a)

a ¥

° l+sinacosa

Here, uw, is the friction coefficient of the
perpendicular contact and a is the contact angle (for
an ascent), '

cos’a
1-sinacosa *

ku = (7b)

ua‘x o

Additionally, uo is the friction coefficient for a
perpendicular contact and a is the contact angle (for
a descent).
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IV. Clinical Evaluation | : Optimum Condition

Using the proposed system, the measurability of
the system was tested using human hands. The
inspection region was the region on the back of the
left hand and the tip crossing the middle of the hand,
as shown in Fig. 7. The scan sequence is also shown
in Fig. 7. At the beginning of the scan, the probe
was moved downwards to make contact with the
hand. After contact, the jig was moved and the force
data in each direction were collected. Finally, the
probe was moved upwards, breaking contact with the
hand. The scan length was 1 cm and the scan speed
was 0.3 cm/s. The subjects were controlled to ensure
they had the same shoulder height so as to eliminate
the need to move the jig to make contact with the
subjects’ hands.

Fig. 8 shows the friction coefficient of the skin of
a hand from a male subject. The hand was inspected

five times. However, some fluctuations may be

.Probe
]

a7 7. FH &AM
Fig. 7. Measurement sequence.
1.0 4
0.8
- 084
k5
8]
§
2 o2
'y
0.0 A A
0.2
Position(arb. unit)
3% 8 £~EHol ofEAds
Fig. 8 Friction cosefficients of hand skin.
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induced by finger bones and blood vessels. The
averaged friction coefficient of each measurement is
summarized in Table 3. The expanded uncertainty of
the proposed system for this measuremnent (Wy) was
20 9%, as calculated using Egs. (2)-(6). From this
data, it was concluded that the proposed system
functions as reliable inspection equipment capable of
determining the friction coefficient of the hand skin.

Two male subjects in their twenties were selected
to find the optimum skin region of the human hand
for a quantitative diagnosis using the proposed
system. The first was a Soyangin type and the
second was a Tae-eumin type, as determined through
pre-testing and diagnosis of their constitution by
doctors of oriental medicine. Before the measurement,
the conditions of the subjects’ hands, such as the
temperature and the humidity, were synchronized,
because the mechanical properties of human skin are
typically affected by the temperature and the
humidity of the skin itself.

The measurement region was defined as the area
of the width between the index finger and the ring
finger of the left hand and the height between three
middle fingers of the right hand, overlain onto the
middle point of the middle finger bone of the left

E O3 AR 2 R ofE A

Table 3. Fricion coefficients of the skin of a human

s
[

hand.
Time 1 2 3 4 5 Mean
Average
Vaiue 0.38 0.38 039 0.39 0.38 0.38

[Ig.d
2%

i

Inspectio

e}

regions in the back of left hand.
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hand, as shown in Fig. 9. This region was chosen
because an Oriental medicine doctor commonly
palpates this region for a constitutional diagnosis and
this aspect was intensively pre-studied in our
previous research'”. There were nine contact points
in the region to find the optimum contact point for
quantitative palpation, and they were coordinated as
(Top, Index), (Top, Long), (Top, Ring), to (Bottom,
Ring). ’

The comparison between Tae-eumin type and
Soyangin type was done by the system. The

0.48 -
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g .
8 ® Soyangin
8 040 [ ]
& 038
;:2 0.36
£ o
Q
i ]
g 034 - :
"l_')' 0.32 °
&= 0.30
0.28 T T T
TOP Middle Bottom
Position
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= E3590d Ao %%"?;2 2 Z3E ol
Aol vjmAn
Fig. 10. Comparison of the friction coefficients between

Tae—eumin and Soyangin along the index finger
line in the transverse scan direction.
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Fig. 11. Comparison of friction coefficients between

Tae—eumin and Soyangin along the long finger
line in the transverse scan direction.
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measurement was conducted five times repeatedly for
the nine contact points noted above. There were two
scan directions. The first is the direction traversing
the finger bones, at which point a doctor of Oriental
medicine generally palpates the human hands, and the
second is the direction along the bones, which will
simplify the measurements owing to the flatness of
the scan path.

For the traversing direction, the Tae-eumin type
had higher friction coefficients than the Soyangin ‘
type for the (Top, Ring), (Middle, Ring) and (Bottom,
Ring) measurements. This is in good agreement with
the qualitative measurements of an Oriental medicine

doctor and several sources from antiquity”
(Fig.10).

relationships

" there consistent
the

measurements(Fig. 11 and Fig. 12). From these

However, were no

in remaining  coordination
results, the region along the ring finger was
determined to be optimum for the diagnosis, which is
in good agreement with the traditional method used
in oriental medicine.

For the direction along the finger bones, the
measurement was carried out only along the middle
line to verify that the results were in good agreement
with the palpation diagnosis by a doctor of Oriental
medicine. From the results, the Tae-eumin type had

0484
0.46 ]
f‘g 044/
g %477 - = Taeeumin
S 0.40- i
= ® Soyangin
Q 0.38
5::'e 0.36 [ J
o P
8 034] o
c
2 0324
Q
iC 0.304
0.28 T T T
TOP Middle Bottom
Position
a8 12 Elgelnt agkolo ois) dmaEsiEiME o=
= SHE A0 EHutstoz ZXME ofEt
A2l vjlmAnt
Fig. 12. Comparison of friction coefficients between

Tae—eumin and Soyangin along the ring finger
line in the fransverse scan direction.
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Fig. 13, Comparison of friction coefficients between

Tae-eumin and Soyangin types along the finger
bones.

a higher friction coefficient than the Sovangin type in
the directions along the ring finger line and along the
index finger line. This closely matched the palpation
diagnosis by a doctor of Oriental medicine (Fig. 13).
On the other hand, there was no difference between
the Tae-eumin and Soyangin types in the direction
along the long finger line. Therefore, the direction
along the ring finger line was determined to be the
optimum region for a constitutional diagnosis between
the Tae-eumin and Soyangin tvpes.

V. Clinical Evaluation Il : Comparison
between Tae—eumin and Soyangin

Using the proposed system, the friction coefficients
from two constitutions were compared. Each data
point was collected from 20 Tae—eumin and Soyangin
male subjects of twenties pre-diagnosed by the
East-West Neo Medical Center at Kyung Hee
University using the contact point of (Middle, Ring).

Fig. 14 shows the distribution of the friction
and Table 4
summarizes the average values of the friction
coefficients and the degree of uncertainty. Although
deviations due to the individual characteristics for
each subject within each constitution (such as those

coefficient for each constitution,

(331

SCEHAHS5Z 59

0.6+

B Taeeumin
z ® Soyangin
S o0s5-
£ - n [
= CREL I " .
e
K T . -------------------------------
&€ o ®
7] ®
3 o ®
é 0.3+ ° o
ke]
o
0.2
Subjects
a2 14, g2t Al oisf AHAY olzbA 5o ¢l
An
Fig. 14. Clinical data pertaining to the friction coefficients
between Tae-eumin and Soyangin types.
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Table 4. Friction coefficients from the two constitutions.

Constitution Tae-eumin Soyangin
Average
value 0.44 0.34
Uncertainty 200 % 240 %

by the age, height, and weight of the subjects) are
friction
coefficient than Soyangins within an accepted level of

considered, Tae-eumins show a higher

uncertainty, and this tendency is in good agreement
with the findings reported in the literature®™ ™,
Additional clinical data will be collected and used in
future the

differences between the Tae-eumin and Soyangin

study, and biological reasons for

types wil lbe discussed in subsequent research.

VI. Conclusion

A measuring system for the friction coefficient of
human skin was formulated using a multi-axis load
cell for the purpose of realizing a constitutional
diagnosis method. Using this system, the expanded
uncertainty for the measurement of the friction
coefficient was less than 2%. The direction along the
ring finger line was determined to be the optimum

measurement region for a constitutional diagnosis
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between the Tae—eumin and Soyangin types using
this system, and this result was shown to be in good
agreement with the ancient literature and with
diagnosis methods adopted by doctors of Oriental
medicine. Using the proposed systemn, the friction
coefficients from two constitutions among 20 subjects
pre—diagnosed by the East-West Neo Medical Center
at Kyung Hee University were compared. Even
considering the deviations that result from the
individual characteristics of each subject within each
constitution, Tae-eumins show a higher friction
coefficient compared to Soyangins within an
acceptable level of uncertainty, and this tendency
matches the findings of ancient studies. It can be
concluded that the proposed system is applicable to
between
Tae-eumin and Soyangin types within an acceptable
level of uncertainty. Additional clinical data will be
collected in subseguent research.

quantitative  constitutional  diagnoses

References

{11 J. P. Shim, “Sasang Constitution in Sasang
Medicine and Constitution Principle from Eastern
and Western Cultures”, Master’s thesis, 1998.
Shim EB, Lee SW, Kim JY, Earm YE,
“Physiome and Sasang Constitutional Medicine”,
J. Physiol Sci.,, Vol. 58, No. 7, pp. 433440, 2009.
H. Che, I. K. Lyoo, S. H. Lee, S. Cho, H. Bae,
M. Hong, and M. Shinm, “An Alternative Way
to Individualized Medicine: Psychological and
Physical Traits of Sasang Typology”, J Alt
Comp. Medicine., Vol. 9, No. 4, pp. 519-528,
2003.

J. H Yoo, J]. W. Kim, K. K. Kim, ]J. Y. Kim, B.
Y. koh and E. J. Lee, “Sasangin Diagnosis
Questionnaire: Test of Reliability”, J. Alt Comp.
Medicine., Vol. 13, No. 1, pp. 111-122,, 2007.

J. M. Lee, “Dongeusoosebowoon”, 1894.

L S. Park, “Dongeusasangyogyul”’, SoNaMoo,
Korea 1992.

D. G. Lee, “Sasangyolam’”, WoonBoolGyo, Korea
1995,

S.H Lee, J. C. Joo, Y. S. Yoon, and J. Y. Kim,
“Clinical Study of the Relations of the Refiness
and the Tactile of Back Skin of the Hand to

[2]

(3]

[4]

(5]
(6]

[7]
(8l

£8 OF otEA4+E 0|88 BigelLt

(332)

ob
o
Ho

Aol Zte| HEFE

Sasang Constitutions Depending on Sex and
Age”, Korean J Oriental Physiology &
Pathology, Vol. 19, No. 2, pp. 536-543, . 2005.
Y-H Kwon, H-]. Kwon, M.-]. Rang, and
S.-M. Lee, “A study on Correlation between
Frictional Coefficients and Subjective Evaluation
while Rubbing Cosmetic Product on Skin”, J.
Kor. Soc. Emo. Sens., Vol. 8 No. 4, pp. 385391,
2005,

[10]El-Shimi A. F, “In vivo skin friction
measurements”, J. Soc. Cosmet. Chem.,, Vol. 28,
pp. 37-51, 1997.

[11] Asserin J., Zahouani H., Humbert Ph., Couturaud
V., Mougin D., “Measurement of the friction
coefficient of the human skin in  vivo
quantification of the cutaneous smoothness”,
Colloids and Surfaces B: Biointerfaces, Vol. 19,
pp. 1-12, 2000.

(121 Highley D. R, Coomey M, BenBeste M,
Wolfram L.J.,, “Frictional properties of skin”, J.
Invest. Dermatol., Vol. 69, pp. 303-307, 1977.

[13] Wolfram L. ], “Friction of skin”, J Soc
Cosmet. Chem., Vol. 34, pp. 456-476, 1983,

[14]Y. K Park, R. Kumme, and D. 1 Kang,
“Dynamic  Investigation of a  Binocular
Six-component Force-moment Sensor”, Meas.
Sci. Technol., Vol.13, pp.1311-1318, 2002.

[15]) Elert, G. (ed). The Physics Factbook,.
http://hypertextbook. com/facts/

[16] GUM (Guide to the Expression of Uncertainty
in Measurement), ISO, 1993.

[17] Lee Jae Hoon, Song Han Wook, Park Yon-Kyu,
Kim Jong-Yeol, “A study on quality control and
measurement for acquisition of dynamic friction
coefficient on back-hand skin”, KIOM paper,
Vol. 14, No. 3, pp. 25-39, 2009.

[9]



20104 O MAIB®S| =EX M 47 ASCHE AN 5 = 61

gt S (A

1995 KAIST ¥7]4) 233t %
AL &4,

1998 KAIST AE 28t AA}

4.

F
S

2002

2002
Ada+4d

20068 1¥~FA dFuEH3
7B EFEEY

AL T

M A2

(333)

gt o F(A3Y)
1991 KAIST 7| A #3837}
AL £4.

1993d KAIST 7] A &%=

AAL £4.

i . 1998 KAIST 714583}
V— vhAl 4.

32-~8A d=RERTATY

AT

39 ~2004Q3 2¢9 5 A4EH(PTB)

R

59 ~20073 129 =HF=2AHA 984k

A7 e AEAY

<FHABor : A RFE AAYE, o 4MMA>

1998

2003

20073



