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We have been developing a profile measuring system of human body which makes use of
laser beam as an optical probe. It is well-known that an image of the laser spot on the skin
becomes broader. In addition to the beam broadening, we have noticed that the profile of
the laser spot image becomes asymmetric. This asymmetry comes from observing the scattered
light inside the skin obliquely and it depends largely on the observation angle and the attenua-
tion coefficient of the medium. This phenomenon is analyzed in detail by carrying out com-
puter simulations of the scattering process in the skin. The error in the profile measurement
which would be induced by this asymmetry is estimated. It is also mentioned that in vivo
measurement of the attenuation coefficient of the skin may be possible by estimating degree of

asymmetry of the laser spot.
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Fig. 1 Apparatus for measuring beam profile.
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Fig. 2 Profiles of a spot on the skin are shown in the upper row and those on the potato
are shown in the lower row. The dotted lines show those on the white paper.
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Fig. 3 Scattering of light beam in the skin.
1 shows the light scattered at the surface and
2 shows that scattered inside the skin.

KE->TEDLI KEBEZF 2p%EYIalb—Ya Y
CE->THRHFLTALS. BB, oL, REXOM
BIiAEREBINIZC -/ ELD bBOBELAED
5 H, BEXOREERDLTHWEDTRKEy MED
MEELTHEYTDH 5.

3. 2Ry MROED Y I alb—vav

3.1 ¥y2alL—YavnBEHR
TR, WEEEtIcE B2 Ey MEOKRE 2 v
Pa—2Ylal—va YyTRDI. £20kdic, 7
U —H—E —Aic &> TH U 2YERN ORI icD
WTEHEHELTH 5.
—fRic, EEHOBEM OYENITE T B IS
Iz,y,2) 1T, (1)XNTEDLTLENTEB®.
Iz, y,2)
:i%SSS——exp(p:Tp).I(II’ v/, 2")dz'dy'dz’
+ 1%z, y, 2) (1)
72720, By BYEER OREREE KUCBEARER
U, I BEHEAGFEONBES, 0 3A (z,9,2) &
(z',9,2') OMIOERTH 5. ROL1EIZ, HWHRD
BUMATER O E KA & 2 EREELE R L, H2HIZ
ABE —nic k> THEL oM B BMSEERERL T
5. (DNABIBZhBEEZHESHEDOFICE>THAT
», ThE#EtRick->TEbLT L,
Iz, y, 2)
zﬁgsse—xmp:ﬂo)-[‘(x’, vy, 2)dx'dy'dz’
+ 15z, v, 2) (2)
E8B L, I BHRESR IO i RO AURT
0, I'=0 TH 3.
wic, HHEFvick-T(2) XDV I ar—vay
ZfTi8-1z. 2 DKRIC, HEZELSTEHDIN 2H
OHIRGKEEHRTE Lic. OBEME OREEIRELHTH

31(31)

(a)

A z‘““A

Fig. 4 Model for simulating the scattering
process (a) and that for simulating the observa-
tion of the spot (b).
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Fig. 5 Simulated image process. m shows the result which includes multiple scattering
effect, g shows that which includes no multiple scattering effect, and s shows that which

is scattered at the surface of skin.
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In the simulations it is assumed that 70=0.01cm, 8=
8.89cm ™, y=9.00cm™Y, R=30cm, and n=1.3.
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Fig. 6 Parameters which show the degree of asymmetry are plotted as a function of
observation angle. y shows the attenuation coefficient of medium and it is assumed that

R=30cm, 70=0.01cm, and n=1.3.
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laser beam and linear array sensor.
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