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A method of de termining  the color  of the human skin based on the use  of a no-contac t  photo- 
e l ec t r i c  e o l o r i m e t e r  spec ia l ly  designed for  this purpose  is  descr ibed .  The mean  values  of 
the color  indices for the skin of the an te r io r  and pos t e r io r  su r faces  of the f o r e a r m  of 45 
normal  men  and 35 normal  women of the European r ace  a re  given. 
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The study of d i f fe rences  in the color  of the human skin based on r ace ,  age, sex, and regional  fac tors ,  
as  well as  changes in skin color  produced by var ious  externa l  agents  and physiological  and, in pa r t i cu la r ,  
pathological  s ta tes ,  is  of cons iderable  impor tance  a t  the p re sen t  t i m e .  However,  these p rob lems  have r e -  
ceived li t t le study because of the imper fec t ions  of exis t ing methods of r ecord ing  skin color .  Subjective, 
qual i tat ive methods a re  based on visual  compar i son  with s tandard co lors  [7, 9, 10]; m o r e  p rec i s e ,  ob jec -  
tive methods a re  based  on the use  of spec t ropho tomete r s  [1, 3, 6] and photoelec t r ic  c o l o r i m e t e r s  [4, 5, 8]; 
all  known object ive methods r equ i re  contact  between the m e a s u r i n g  ins t ruments  and the skin sur face  and 
this i t se l f  causes  changes in skin color .  In the case  of d i sease  of the skin, these methods cannot be used. 

The authors  have devised a method of no-contac t  determinat ion of skin color  by m e a n s  of the F M -  
104M photoelec t r ic  co lo r ime te r ,  spec ia l ly  designed for this purpose;  by i ts  use the color  c h a r a c t e r i s t i c s  
of pa r t s  of the body can be m e a s u r e d  with a high degree  of accu racy  during their  i l lumination f rom a ~tan- 
dard  co lo r ime t r i c  C source  (6,500~ the emiss ion  spec t rum of which co r r e sponds  approx imate ly  to that 
of daylight. 

The appara tus  uses  a photoelect r ic  method of color  m e a s u r e m e n t  based on a radiat ion r e c e i v e r  
whose spec t ra l  sens i t iv i ty  is reduced  by means  of specia l  co r rec t ing  f i l te rs  to the summat ion  functions 
XH(D, y(k), and z(D,  cha rac t e r i z ing  the color  p rope r t i e s  of the eye of an ave rage  s tandard o b s e r v e r .  

The m e a s u r i n g  s y s t e m  of the in s t rumen t  is such that  e i ther  the photocurren ts  Ix, Iy, and Iz,  p r o -  
port ional  to the color  coordinates ,  or  thei r  ra t ios  a = I x / I y  and f l = I z / I y  , can be recorded .  

During m e a s u r e m e n t  of the ra t ios  between the photocurren ts  a and fl the magnitude of the photocur-  
r en t  Iy is reduced to a constant  equal to a conventional unit; this is  done by making a smooth change in the 
e lec t r i ca l  sens i t iv i ty  of the ins t rument .  In this case  the photocurren ts  I x and Iz a r e  numer i ca l l y  equal to 
the values  of ~ and ft. 

The switch f r o m  the s y s t em  of coordinates  ~, fl to the internat ional  color  sy s t em x, y is done e i ther  
by calculat ion or  with the aid of a special  nomogram,  in which a grid of constant  values  of x, y is plotted 
in coordinates  ~,  t ,  so that  all  calculat ions can be dispensed with. 

Since the function y(k) coincides with the function of vis ibi l i ty  of the eye V(k), the ins t rumen t  can 
be used to m e a s u r e  the br ightness  B of radia t ion falling into it. The value of B, together  with the co-  
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Fig. 1. Optical sys tem of ins t rument  (explanation in text). 

Fig. 2. General  view of the FM-104M color imeter  
(explanation in text). 

TABLE 1. Mean Values of Color Indices for 
Skin of Anter ior  and Pos t e r i o r  Surfaces of 
F o r e a r m  of 45 Normal  Men and 35 Normal 
Women 

Men Women Color 
index 

x 
V 

-L (rim) 
p (%) 
p (%) 

anterior posteriox 
surface surface 

0,360 0,376 
0,353 0,362 
583 584 
29 35 

34,5 29,5 

anterior posterior 
surface surface 

0,360 0,371 
0,352 0,356 
584 585 
27 32 
38,8 36,0 

ordinates ~, fl, cha rac te r i ze  the color  of the m e a -  
sured object completely.  

The optical sys tem of the co lo r imete r  is 
shown in Fig. 1. It  consis ts  of the optical sys tem 
of the co lor imet r ic  at tachment  (1-17), in which a 
modified sys tem of the mass -p roduced  FPI  photom- 
eter  is used, and the optical sys tem of the source 
of light (18-24). 

The objective (1) with aper ture  diaphragm 
(D 2) gives an image of the object to be measured  (S) 
in the plane of the interchangeable field diaphragms 
(DI). The sys tem of lenses (2, 3, 4, 8, 9, 13) and 

the p r i sm (12) form an image of the entrance aper ture  of the ins t rument  on the cathode of a photoelectr ic  
cell  (14). During the measuremen t s ,  co r rec t ing  f i l ters  (7) are  introduced one by one into the beam of 
light. Neutral  r educe r s  (5, 6, 10, 11) are  used to broaden the l imits  of measurement .  

Interchangeable field diaphragms (D 1) a re  used to pick out c i rc les  2.5, 6.5, and 13 mm in diameter  
on the a rea  of skin to be m e a s u r e d  at a distance of 150 mm from the edge of the ins t rument  tube to the 
measured  area .  The opera tor  controls  the direction of the ins t rument  by means of a viewfinder (15, 16, 17), 
in which a c lear  image of the object to be measu red  can be seen with a black spot cor responding  to the 
size of the a rea  to be measured .  

The optical sys tem of the source of light provides a tmiformly illuminated spot 30 mm in diameter  
in the pla~e of the object to be measured .  The light source (18) is projected by a condenser  (20) into the 
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p laneof  the object ive (24) which, in turn, p ro jec t s  the image  of the i r i s  d iaphragm (19) on to the sur face  of 
the object.  Pro tec t ion  agains t  the emiss ion  of heat  f r o m  the source  is  provided by a f i l ter  (21). The f i l t e r  
(22) a lso  is  int roduced into the beam of light for spec t ra l  co r rec t ion  of the emiss ion  f rom the incandescent  
lamp under the co lo r ime t r i c  source  C. The f i l ter  (23) is  int roduced during color  graduat ion of the i n s t ru -  
ment;  in that  case ,  a white disk made of opalescent  MS-20 glass  is  p laced in the plane (S). The color  of the 
graduating f i l ter  (23) co r re sponds  to the mean  color  value of human skin. 

The e lec t r i ca l  c i rcu i t  of the appara tus  provides  the n e c e s s a r y  amplif icat ion of the signal  frokn the 
photoelect r ic  cell ,  a smooth change in the e l ec t r i ca l  sens i t iv i ty  of the ins t rument ,  and a s tabi l ized e lec t r ic  
power supply to the photoelec t r ic  cell  and ampl i f i e r s .  The coordinates  of color  and br ightness  a re  r e a d  on 
a po in te r - type  indicator .  

A genera l  view of the ins t rument  is  given in Fig.  2. In i ts  construct ion the co lo r ime te r  cons is t s  ba -  
s ical ly  of the r egu la r  F P I  photometer  manufac tured  by the Zagorsk  Opt ica l -Mechanical  Fac to ry .  This con-  
s i s t s  of three  pr incipal  units: the eo lo r ime t r i c  a t tachment  (I), the r ecord ing  and power unit (II), and the i l -  
luminating unit (III). During graduation, the graduating a t tachment  (IV) with the white disk is  p laced over  
the source  of light. 

F o r  convenience in invest igat ing var ious  pa r t s  of the human body the ins t rument  can be mounted on a 
un iversa l  stand, enabling the n e c e s s a r y  changes in i ts  position to be made.  After  the ins t rumen t  and source  
of light have been a imed at  the pa r t  of the skin to be studied, the coordinates  ~ and fl and the value of B 
are  m e a s u r e d  in success ion .  The t ime requ i red  for one m e a s u r e m e n t  is  1-2 rain. 

Subsequent p rocess ing  of the r e su l t s  cons is t s  of  de terminat ion of the color  coordinates  x and y and 
the ref lec t ion coeff icient  p.  The coordinates  of color  x and y can, i f  des i red ,  be conver ted  by s tandard 
graphs  [2] into the m o r e  demons t ra t ive  s y s t e m of k (color  tone) and p (puri ty of co lor ) .  

The absolute e r r o r  of m e a s u r e m e n t  of the color  coordinates  on the ins t rumen t  desc r ibed  does not 
exceed 0.006 for  ~ and t ;  the re la t ive  e r r o r  of  m e a s u r e m e n t  of br ightness  is  • 4%. Sensit ivi ty for  ~ and 

is  0.002; the reproducibi l i ty  of the m e a s u r e m e n t s  for  ~ and fl i s  not below 0.003. 

By means  of the ins t rumen t  descr ibed ,  the color  indices of the skin of the an te r io r  and pos t e r io r  
su r faces  of the f o r e a r m  were  m e a s u r e d  on 45 no rma l  men and 35 no rma l  women. The mean values of the 
coordinates  of color  x and y, the ref lec t ion coefficient  p,  and the coordinates  k and p thus obtained a re  
given in Table  1. 
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