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be determined. For example, it is possible to identify split
ends and strand breakage. The outer sheath of the hair can
also be examined to develop information about the sheen,
texture, and other characteristics of the hair.

In a further example, it is contemplated to use data
secured through multiple subset analysis to recommend hair
care products, including for example shampoos and condi­
tioners. Among contemplated scenarios, a system may deter­
mine that a customer's hair has been colored with red

10 undertones, and may therefore recommend a shampoo that
enhances and maintains the red undertones in the hair. In
another possibility, a system may determine that a custom­
er's hair requires a high degree of chemical processing to
deliver the desired result and may therefore recommend a

15 special conditioner to hydrate and condition the hair. In yet
another possibility, a system may determine that a custom­
er's hair has microscopic damage to individual strands, and
may therefore recommend a polymer containing conditioner.
Depending on the sheen of the hair, a system may recom-

20 mend a shampoo having greater or lesser oil content.
In yet another example, contemplated systems may be

adapted to the experience and particular product line(s) of a
given vendor. For example, a vendor would choose to have
the system make recommendations with respect to its own

25 colorants, hair care, and other products. However, under
certain circumstances contemplated systems may also make
recommendations with respect to products of a competing
vendor. Thus, a system funded by CLAIROLTM could make
recommendations to both CLAIROLTM and L'OREALTM

30 products. More likely, however, a system funded by a given
vendor would query a user about a previously used or
contemplated competitor's product, and then make a rec­
ommendation to use an equivalent product from its own
product line.

It is also contemplated that a company may want to avoid
the cost of installing and maintaining systems such as those
set forth herein, or may want to take advantage of a system
installed by another for some other reason. In such cases one
may advantageously provide a cross-reference product

40 guide that would cross-sell a different product line from than
recommended by the system. Thus, if a competitor wanted
to take advantage of a previously installed hair color deter­
mination system, the competitor might provide a printed or
electronic cross-reference chart that would recommend the

45 competitor's products in place of the computer-recom­
mended products.

In a still further example, and especially where contem­
plated systems are used to capture and store usage and
results history for individual customers, it is contemplated

50 that a customer may have uncolored hair with a color value
of 5, and the system may recommend a particular product.
That information can be stored in a database, and over time
such information from numerous consumers can be used to
track customer choices for marketing purposes. Further-

55 more, a customer may apply a product, and then return for
a follow up analysis. The follow up can be performed in any
suitable time frame, including shortly after applying the
product, up to several months later, or both. The system
could then develop a database regarding the effects of

60 particular products on an individual's hair, and use that
information in recommending specific products. For
example, if a system knew that a particular person's hair
took dark color very poorly, or perhaps was extremely
resistant to bleaching, that information may be extremely

65 useful in suggesting that a customer limit her choices of
future products or procedures to a particular subset that
avoids problematic choices.

Consequently, a manufacturer using contemplated sys­
tems should have a significant competitive advantage in the
market place. Not only does the system guard against most
user mistakes, but it can also provide results that are likely
close to those ofprofessional hair salons having well trained
and experienced colorists. Moreover, it is expected that this
system (a) will stimulate trial, usage and experimentation
among existing and new users, among other things because
it makes the use of undertone additives easy, safe, and
reliable; (b) will draw and convert competitor's customers;
and/or (c) will draw and convert some professional hair
salon customers or encourage salon customers to use con­
templated systems as an interim solution in between visits.
When employed in a professional setting, contemplated
systems will provide greater predictability and reproducibil­
ity. It also empowers junior and experienced colorists to
work more confidently and faster.

Still another advantage is that a manufacturer need not
make any costly changes to its currently marketed product
line. It will thus save the cost of replacing, transitioning and
re-launching product. The manufacturer simply adds a few
undertone SKUs to its product line, and in the process
exponentially increases the possible range of color formu­
lations and results.

It should be especially recognized that numerous benefits
arise from the use of contemplated systems. For example, in
addition to analyzing the color of the hair as a whole,
multiple subset analysis can be used to determine color of
individual strands or even portions of strands. Among other
things, such information may be useful in limiting or
expanding a list of realistic color choices. A particularly
useful variant may be to electronically identifY a portion of
hair that is close to the scalp, and then determine how the
coloration of that portion differs from other portions of the
hair. In that manner one could identifY the "natural color" of 35

a person's hair and determine if user's hair has been previ­
ously colored; regrowth of natural hair color appears at the
root and close to the scalp and if its color(s) differs from the
rest of the hair, it can be surmised that user's hair had
previously been colored. Subsequently, comparing and con­
trasting the colors at the root with the rest of the hair will
determine the best course of action for recoloring hair. For
example, if the hair was previously colored blonde and the
regrowth at the root is black, the system will determine that
to color the regrowth blonde, requires double-processing
and simply applying blonde color will produce poor results.
This will prevent incorrect product use and customer mis­
takes.

Moreover, by analyzing individual strands, one can also
obtain a percentage of gray hair versus non-gray hair. Since
gray hair may react differently from non-gray hair to various
colorants, knowing the percentage of gray hair can be useful
in choosing among colorants, processes, and so forth. Such
information can also be important in making a threshold
choice among colorants as a function of whether one is
trying to change the hair color, or merely trying to "cover"
the gray hair. Yet another possibility is that the knowledge of
the amount of gray hair may help determine a subset of hair
colorants that are appropriate or inappropriate for an indi­
vidual user.

In another example, multiple subset analysis can be used
to determinate to condition of hair, including texture, thick­
ness, waviness, curliness, and so forth, which can be
achieved by electronically identifYing portions of individual
strands, and then estimating the directionality and thickness
of such strands. Furthermore, through electronic or optical
magnification, the condition of individual strands ofhair can
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Some or all of this information may be stored locally or

distally with respect to the system. It may be advantageous,
for example, to store the information on a national or
cross-national database, and then provide customers with
their personal information through the Internet or other
network. Such information could be used to help educate a
customer as to why particular results were obtained, with
respect to cross-selling and new products, and so forth. Of
particular interest is the possibility of individualized on-line
accounts, where a customer can access her coloring history
to learn specifically what products are suitable for her
individualized needs and characteristics, learn about hair
coloring in general, experiment with digital examples of
possible new hair styles, colors, and so forth. Cross-selling
of other products is also contemplated, especially but not
necessarily with respect to beauty products.

Vendors can also make indirect use of historical hair
coloring information in their marketing, and research and
development efforts. For example, if a vendor learns through
the database that very few people on a percentage basis
change from hair color A to hair color B, then it might be
wise to devote only very limited resources to that particular
color change. In another possibility, if a vendor learns
through the database that a very large subset of customers
have not achieved satisfactory results when attempting to
change from color C to color F, then it might be wise to
reconsider its product line and target more resources to
specific new products and formulations.

Similarly, contemplated systems may be adapted to
include personal information that is useful in making prod­
uct recommendations, marketing, and follow up. For
example, a system may seek information regarding a cus­
tomer's gender, ethnic background, age, skin tone, eye color,
and so forth. That information can be very useful in making
product recommendations because they affect the coloration
properties of hair. Alternatively or additionally, such infor­
mation can be used in recommending shampoos, condition­
ers, and so forth, as well as products other than hair care
products.

Thus, specific embodiments and applications of improved
cosmetic color determination systems have been disclosed.
It should be apparent, however, to those skilled in the art that
many more modifications besides those already described
are possible without departing from the inventive concepts
herein. The inventive subject matter, therefore, is not to be
restricted except in the spirit of the appended claims. More­
over, in interpreting both the specification and the claims, all
terms should be interpreted in the broadest possible manner
consistent with the context. In particular, the terms "com­
prises" and "comprising" should be interpreted as referring
to elements, components, or steps in a non-exclusive man­
ner, indicating that the referenced elements, components, or
steps may be present, or utilized, or combined with other
elements, components, or steps that are not expressly refer­
enced.

What is claimed is:
1. A system comprising:
a collector that captures light as a field ofpixels reflecting

off of a three dimensional object;
a color analyzer that uses data from the pixels to produce

a plurality of color values for each of a plurality of
distinct subsets of the field, wherein each distinct
subset comprises more than one pixel; and

a cosmetic analyzer that then combines the plurality of
color values from the subsets to produce a cosmetic
color determination comprising relative weightings ofa
plurality of cosmetic colors.

2. The system of claim 1 wherein the collector is coupled
to a digital video camera or a digital still camera.

3. The system of claim 1 wherein the three dimensional
object is selected from the group consisting of a hair, a
plurality of hair, and a portion of facial skin.

4. The system of claim 1 wherein the data from the pixels
are encoded in an RGB system or a CMYK system.

5. The system of claim 4 wherein the data further com­
prise at least one of a hue value, a saturation value, and a

10 luminance value.
6. The system of claim 1 wherein the plurality of color

values is calculated as a frequency of predetermined color
combinations.
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8. The system of claim 1 wherein at least one of the
plurality of distinct subsets of the field is defined by a user.

9. The system of claim 1 wherein the pixels in the
20 plurality of distinct subsets of the field are contiguous.

10. The system of claim 1 wherein the cosmetic color
determination comprising relative weightings of between
and including two and four cosmetic colors.

11. The system of claim 1 wherein the cosmetic color is
25 expressed in a descriptive cosmetic term.

12. The system ofclaim 1 wherein the collector is coupled
to a light source that emits broad band light.

13. The system of claim 1 wherein the three dimensional
object comprises hair and wherein the cosmetic color deter­

30 mination further comprises identification of a commercially
available hair coloring product to achieve a predetermined
coloration.

14. The system of claim 1 wherein the three dimensional
object comprises hair and wherein the cosmetic color deter­

35 mination further comprises prediction of a hair color result­
ing from use of a commercially available hair coloring
product.

15. The system of claim 1 wherein the three dimensional
object comprises hair and wherein the cosmetic color deter­

40 mination further comprises calculation of a composition of
a hair coloring product to achieve a predetermined colora­
tion.

16. The system of claim 14 wherein the composition of
the hair coloring product includes at least one color and an

45 undertone.
17. The system of claim 1 wherein the collector is

optically coupled to a magnifying device.
18. The system of claim 17 wherein the three dimensional

50 object comprises a single hair or a strand of hair, and
wherein the cosmetic color determination further comprises
determination ofa hair color distribution in the single hair or
strand of hair.

19. The system of claim 17 wherein the cosmetic analyzer
55 further combines the plurality of color values from the

subsets to produce a hair condition determination.
20. The system of claim 19 wherein the hair condition

determination includes determination of at least one of
waviness, curliness, thickness, and integrity of at least one

60 hair.
21. The system of claim 1 wherein the three dimensional

object comprises hair and wherein the cosmetic color deter­
mination further comprises recommendation of a commer­
cially available hair care product to achieve a desired

65 outcome.
22. The system of claim 21 wherein the hair care product

is a conditioner or a shampoo.



US 7,151,851 B2
13

23. The system of claim 22 wherein the hair care product
is commercially available from a supplier other than a
supplier that provides the system.

24. The system of claim 1 further comprising a storage
medium electronically coupled to the cosmetic analyzer,
wherein the storage medium stores at least one of usage
history and results history.

14
25. The system of claim 1 further comprising a storage

medium electronically coupled to the cosmetic analyzer,

wherein the storage medium stores personal information of
a user.
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