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APPARATUS AND METHOD FOR 
MEASURING OPTICAL CHARACTERISTICS 

OF AN OBJECT 

This application is a continuation of application Ser. No. 
08/909,989 ?led on Aug. 12, 1997, now US. Pat. No. 
5,883,708. 

FIELD OF THE INVENTION 

The present invention relates to devices and methods for 
measuring the color of objects, and more particularly to 
devices and methods for measuring the color of teeth, fabric 
or other objects or surfaces With a hand-held probe that 
presents minimal problems With height or angular depen 
dencies. 

BACKGROUND OF THE INVENTION 

Various color measuring devices such as spectrophotom 
eters and calorimeters are knoWn in the art. To understand 
the limitations of such conventional devices, it is helpful to 
understand certain principles relating to color. Without being 
bound by theory, Applicants provide the folloWing discus 
sion. 

The color of an object determines the manner in Which 
light is re?ected from the surface of the object. When light 
is incident upon an object, the re?ected light Will vary in 
intensity and Wavelength dependent upon the color of the 
surface of the object. Thus, a red object Will re?ect red light 
With a greater intensity than a blue or a green object, and 
correspondingly a green object Will re?ect green light With 
a greater intensity than a red or blue object. 

One method of quantifying the color of an object is to 
illuminate it With broad band spectrum or “White” light, and 
measure the spectral properties of the re?ected light over the 
entire visible spectrum and compare the re?ected spectrum 
With the incident light spectrum. Such instruments typically 
require a broad band spectrophotometer, Which generally are 
expensive, bulky and relatively cumbersome to operate, 
thereby limiting the practical application of such instru 
ments. 

For certain applications, the broad band data provided by 
a spectrophotometer is unnecessary. For such applications, 
devices have been produced or proposed that quantify color 
in terms of a numerical value or relatively small set of values 
representative of the color of the object. 

It is knoWn that the color of an object can be represented 
by three values. For example, the color of an object can be 
represented by red, green and blue values, an intensity value 
and color difference values, by a CIE value, or by What are 
knoWn as “tristimulus values” or numerous other orthogonal 
combinations. It is important that the three values be 
orthogonal; i.e., any combination of tWo elements in the set 
cannot be included in the third element. 

One such method of quantifying the color of an object is 
to illuminate an object With broad band “White” light and 
measure the intensity of the re?ected light after it has been 
passed through narroW band ?lters. Typically three ?lters 
(such as red, green and blue) are used to provide tristimulus 
light values representative of the color of the surface. Yet 
another method is to illuminate an object With three mono 
chromatic light sources (such as red, green and blue) one at 
a time and then measure the intensity of the re?ected light 
With a single light sensor. The three measurements are then 
converted to a tristimulus value representative of the color of 
the surface. Such color measurement techniques can be 
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2 
utiliZed to produce equivalent tristimulus values represen 
tative of the color of the surface. Generally, it does not 
matter if a “White” light source is used With a plurality of 
color sensors (or a continuum in the case of a 
spectrophotometer), or if a plurality of colored light sources 
are utiliZed With a single light sensor. 

There are, hoWever, dif?culties With the conventional 
techniques. When light is incident upon a surface and 
re?ected to a light receiver, the height of the light sensor and 
the angle of the sensor relative to the surface and to the light 
source also affect the intensity of the received light. Since 
the color determination is being made by measuring and 
quantifying the intensity of the received light for different 
colors, it is important that the height and angular depen 
dency of the light receiver be eliminated or accounted for in 
some manner. 

One method for eliminating the height and angular depen 
dency of the light source and receiver is to provide a ?xed 
mounting arrangement Where the light source and receiver 
are stationary and the object is alWays positioned and 
measured at a preset height and angle. The ?xed mounting 
arrangement greatly limits the applicability of such a 
method. Another method is to add mounting feet to the light 
source and receiver probe and to touch the object With the 
probe to maintain a constant height and angle. The feet in 
such an apparatus must be Wide enough apart to insure that 
a constant angle (usually perpendicular) is maintained rela 
tive to the object. Such an apparatus tends to be very difficult 
to utiliZe on small objects or on objects that are hard to 
reach, and in general does not Work satisfactorily in mea 
suring objects With curved surfaces. 
The use of color measuring devices in the ?eld of den 

tistry has been proposed. In modern dentistry, the color of 
teeth typically are quanti?ed by manually comparing a 
patient’s teeth With a set of “shade guides.” There are 
numerous shade guides available for dentists in order to 
properly select the desired color of dental prosthesis. Such 
shade guides have been utiliZed for decades and the color 
determination is made subjectively by the dentist by holding 
a set of shade guides next to a patient’s teeth and attempting 
to ?nd the best match. Unfortunately, hoWever, the best 
match often is affected by the ambient light color in the 
dental operatory and the surrounding color of the patient’s 
makeup or clothing and by the fatigue level of the dentist. 

Similar subjective color quanti?cation also is made in the 
paint industry by comparing the color of an object With a 
paint reference guide. There are numerous paint guides 
available in the industry and the color determination also 
often is affected by ambient light color, user fatigue and the 
color sensitivity of the user. Many individuals are color 
insensitive (color blind) to certain colors, further compli 
cating color determination. 

In general, color quanti?cation is needed in many indus 
tries. Several, but certainly not all, applications include: 
dentistry (color of teeth); dermatology (color of skin 
lesions); interior decorating (color of paint, fabrics); the 
textile industry; automotive repair (matching paint colors); 
photography (color of reproductions, color reference of 
photographs to the object being photographed); printing and 
lithography; cosmetics (hair and skin color, makeup 
matching); and other applications in Which it useful to 
measure color in an expedient and reliable manner. 

With respect to such applications, hoWever, the limita 
tions of conventional color measuring techniques typically 
restrict the utility of such techniques. For example, the high 
cost and bulkiness of typical broad band spectrometers, and 






































