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AN OBJECTIVE NO-CONTACT METHOD OF STUDYING
THE COLOR OF THE HUMAN SKIN WITH A PHOTOELECTRIC
COLORIMETER

N. I. Gruzdeva, L. D. Zherebtsov, UDC 572.524.13.087.8—2
V. K. Vasilevskii, and S. A, Bremzen

A method of determining the color of the human skin based on the use of a no-contact photo-
electric colorimeter specially designed for this purpose is described. The mean values of
the color indices for the skin of the anterior and posterior surfaces of the forearm of 45
normal men and 35 normal women of the European race are given.
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The study of differences in the color of the human skin based on race, age, sex, and regional factors,
as well as changes in skin color produced by various external agents and physiological and, in particular,
pathological states, is of considerable importance at the present time. However, these problems have re-
ceived little study because of the imperfections of existing methods of recording skin color. Subjective,
qualitative methods are based on visual comparison with standard colors {7, 9, 10]; more precise, objec-
tive methods are based on the use of spectrophotometers [1, 3, 6] and photoelectric colorimeters [4, 5, 8];
all known objective methods require contact between the measuring instruments and the skin surface and
this itself causes changes in skin color. In the case of disease of the skin, these methods cannot be used.

The authors have devised a method of no-contact determination of skin color by means of the FM-
104M photoelectric colorimeter, specially designed for this purpose; by its use the color characteristics
of parts of the body cati be measured with a high degree of accuracy during their illumination from a stan-
dard colorimetric C source (6,500°K), the emission spectrum of which corresponds approximately to that
of daylight.

Thé apparatus uses a photoelectric method of color measurement based on a radiation receiver
whose spectral sensitivity is reduced by means of special correcting filters to the summation functions
xi(M,¥(N), and z(}), characterizing the color properties of the eye of an average standard observer.

The measuring system of the instrument is such that either the photocurrents Iy, Iy, and I, pro-
portional to the color coordinates, or their ratios a=1;/ Iy and B=1;/ Iy, can be recorded.

During measurement of the ratios between the photocurrents @ and g the magnitude of the photocur-
rent Iy is reduced to a constant equal to a conventional unit; this is done by making a smooth change in the
electrical sensitivity of the instrument. In this case the photocurrents Ix and I; are numerically equal to
the values of @ and 8.

The switch from the system of coordinates @, B to the international color system x, y is done either
by calculation or with the aid of a special nomogram, in which a grid of constant values of x, y is plotted
in coordinates @, $, so that all calculations can be dispensed with.

Since the function y(A) coincides with the function of visibility of the eye V(\), the instrument can
be used to measure the brightness B of radiation falling into it. The value of B, together with the co-
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Fig. 2. General view of the FM~104M colorimeter
{explanation in text).

TABLE 1, Mean Values of Color Indices for ordinates @, B, characterize the color of the mea-
Skin of Anterior and Posterior Surfaces of sured object completely.
Forearm of 45 Normal Men and 35 Normal

The optical system of the colorimeter is

Women shown in Fig. 1. It consists of the optical system
Color _ Men Women of the colorimetric attachment (1-17), in which a
index :gé’c‘gr g’lf:f‘:::” Sa“r';;fé"f P°Sf‘€fi°f modified system of the mass-produced FPI photom-~
uriace surlace eter is used, and the optical system of the source
. 0360 0476 0,360 0,371 of light (18-24). ,
, . 0,352 0,356 s . .
" (nm) 583 584 584 585 The objective (1) with aperture diaphragm
Tyl . . .
g ég/}(’,)) 33% 235’ 5 32;8 ??62,0 (D,) gives an image of the object to be measured (S)
in the plane of the interchangeable field diaphragms

(Dy). The system of lenses (2, 3, 4, 8, 9, 13) and
the prism (12) form an image of the entrance aperture of the instrument on the cathode of a photoelectric
cell (14). During the measurements, correcting filters (7) are introduced one by one into the beam of
light. Neutral reducers (5, 6, 10, 11) are used to broaden the limits of measurement.

Interchangeable field diaphragms (D,) are used to pick out circles 2.5, 6.5, and 13 mm in diameter
on the area of skin to be measured at a distance of 150 mm from the edge of the instrument tube to the
measured area. The operator controls the direction of the instrument by means of a viewfinder (15, 16, 17),
in which a clear image of the object to be measured can be seen with a black spot corresponding to the
size of the area to be measured. o

The optical system of the source of light provides a uniformly illuminated spot 30 mm in diameter
in the plane of the object to be measured. The light source (18) is projected by a condenser (20) into the
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plane of the objective (24) which, in turn, projects the image of the iris diaphragm (19) on to the surface of
the object. Protection against the emission of heat from the source is provided by a filter (21). The filter
(22) also is introduced into the beam of light for spectral correction of the emission from the incandescent
lamp under the colorimetric source C. The filter (23) is introduced during color graduation of the instru-
ment; in that case, a white disk made of opalescent MS-20 glass is placed in the plane (S). The color of the
graduating filter (23) corresponds to the mean color value of human skin. o

The electrical circuit of the apparatus provides the necessary amplification of the signal from the
photoelectiric cell, a smooth change in the electrical sensitivity of the instrumeént, and a stabilized electric
power supply to the photoelectric cell and amplifiers. The coordinates of color and brightness are read on
a pointer-type indicator. '

A general view of the instrument is given in Fig. 2. In its construction the colorimeter consists ba-
sically of the regular FPI photometer manufactured by the Zagorsk Optical-Mechanical Factory. This con~
sists of three principal units: the colorimetric attachment (I), the recording and power unit (II), and the il-
luminating unit (ITII). During graduation, the graduating attachment (IV) with the white disk is placed over
the source of light.

For convenience in investigating various parts of the human body the instrument can be mounted on a
universal stand, enabling the necessary changes in its position to be made. After the instrument and source
of light have been aimed at the part of the skin to be studied, the coordinates @ and B and the value of B
are measured in succession. The time required for one measurement is 1-2 min.

Subsequent processing of the results consists of determination of the color coordinates x and y and
the reflection coefficient p. The coordinates of color x and y can, if desired, be converted by standard
graphs [2] into the more demonstrative system of A (color tone) and p (purity of color).

The absolute error of measurement of the color coordinates on the instrument described does not
exceed 0.008 for @ and 8; the relative error of measurement of brightness is + 4%. Sensitivity for @ and
B is 0.002; the reproducibility of the measurements for & and 8 is not below 0.003.

By means of the instrument described, the color indices of the skin of the anterior and posterior
surfaces of the forearm were measured on 45 normal men and 35 normal women. The mean values of the
coordinates of color x and y, the reflection coefficient p, and the coordinates A and p thus obtained are
given in Table 1.
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