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APPARATUS AND METHOD FOR ANALYZING HAIR AND/OR PREDICTING
AN QUTCOME OF A HAIR-COLORING TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application is a continuation-in-part of PCT/IL2014/050830 filed on
September 28, 2014, which is incorporated by reference in ity entirety. The present
application claims priority to the following US provisional patent applications, all of
which are incorporated by reference in their entivety: US 61/984.798 filed on April 27,
2014, US 61/984 861 filed on April 27, 2014, US  61/983,331 filed on April 28, 2014,
and US 62/106,426 filed on Januvary 22, 2015, The present application also clains

priority to PCT/IB2014/064809 filed on September 24, 2014,

BACKGROUND

Embodiments of the present invention relate to methods and apparatus for
analyzing “natural gray hair" - e.g. m order to provide s customized hair-coloring
composition suitable for the natural gray hair.

For a significant segment of the population, as people age, their hair grays, and
their hair becorpes natural gray.’ ‘Natural gray haie' may be distinguished from ‘artificial
gray' hair, where a presence of artificial colorant gives individhal hair-shafts their gray
color,

Natural gray hair 15 a mixtare of two types of hair-shafts: (i) vatural-pigment-
containing hair shafts {e.g. melanin-containing bair shafts such as black shafis or red
shafts or blond shafts or brown shafts or other natural-pigment-containing shaftsy and (i)
natursl white hair shafts which are substantially melanin-free e.g. due to age. The
presence of both color-types of hair-shafts within a single hair-mixtore causes the mixture
as & whole to appear as 'gray haie' to the casual naked-eye viewer.

For the present disclosure, the tevin ‘shaft’ refers to an individual hair and is not
timited to the 'shaft portion' (Le. away from the root portion of an individual hair.

Natural gray hair is one example, but not the only example, of a shaft-color-
heterogeneous 'mixture’ of hair-shafts alse referved to herein as ‘a color-heterogeneous

miure of haw
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Sometimes, natural gray hair is subjected to a hair-coloring treatment’ which may
change the overall appearance so it is no longer considered "natural gray.’ For the present
disclosure, a ‘hair-coloring veatment’ 15 any treatment which modifies the color of hair
shafls. Hxamples of hair-coloring treatments inclade hair-dying treatments {e.g. based

5 upon artilicial colorants) and bleaching. Hair-dying treatments include temporary, demi-
permanent, semi-permanent or permnanent hale-dying (e.g. oxidative hair-dying)
treatments.

For the present disclosure, Tormerly natural gray hair' is mixture of hair that (1) in
the past was "natural gray” but has been transformed by a hair-coloring treatment and (i)

i s presently recognizable (2.z. upon inspection by a hatr-stylist or other skilfed artisan) to
have properties indicative of its former status as naturally grey hair. In one example, a
mixture of natural black and ratural white hair-shafts (i.e. one type of natural gray hair) is
artificially dyed red - e.g. by an oxidative hair-dying process.

In this example, as 2 result of the red hair-dye treatment, each natural white haie-

15 shaft becomes a relatively Hght shade of red. while each natural black hair shaft become a
darker shade of red - this is observable wpon close inspections of the individual hair
shafts. In contrast, the overall appearance of the mixture (e, as whole) differs from that
of the individual shafts (L.e. viewed 1 isolation).

In this example, before treatiuent with the red dye, the hair is natural-gray and is a

20 moixture of natural-black and natural white hair-shafts. After the hair-dying process, the
hair is Tormerly-patural-gray' and is @ mixture of hair-shafts of first and second color-
types. The hair shafts of the first color type are the shafts that, before the dying process,
are natural black -- after the dying process, these hair-shafts are dark red. The hair shafts
of the second color type are the shafts that, before the dying process, are natural white -

25 after the dying process, these hair-shafts are light red.

Hair-coloring has been practiced for mitlennia, and continues to play an important
in modern society. A central problem in the art of hair-coloring is to provide the correct
treatment - e.g. the appropriate hau-~coloring composition and/or reatment parameters
{e.g. treatment time, temperature, ete).

30 PCT/AIB2012/051351 discloses a dispensing device comprising a plurality of

containers, where  each container contains a different respective ingredient for a hair-
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coloring composition.  An initial spectrum of the hair i measured and apalyvzed. In
accordunce with the results of the analysis, & combinaton of ingredients for a
custinnized hair-coloring composition {Le. specific to the user's hair and a desived result
to be achigved) is dispensed from the containers by a dispensing device.

3 The combination of ingredients for the hair-coloring composition is selected
according to analysis of a measured hair-spectrum. Therefore, it i3 highly desirable tw
accurately measure the initial spectrum of the hair-sample, n order to provide the
customized hair-coloring best suited to the user’s hair and his/ber hair-coloring goals,

To date, there is an ongoing need for apparatus and methods of ascertaining a

10 current status of a user's hair - e.g. for the purpose of accurately dispensing the correct

conibination of ingredients for a hair-coloring composition.
SUMMARY

13 Embodiments of the present invention relate to wmethods and apparatus for
predicting a result of hair-color-modifying treatment on g sample of natural-gray hatr
(l.e. a mixture of natural-pigment-containing shafts and natural-white shafts) based upon
measuring and analyvzing region-specific spectra.

In some embodiments, (1) a region-specific spectra of bhair material within a firsg

20 region of the sample is measured and {11} a region-specific spectra of hair material within
a seoond region of the sanmple is measured.

In contrast to a sample-representative spectrum (e, generated from light scattered
rom  locations  throughout the sample), the measured region-specific  specira
corresponding to the [irst region is generated primarily from light scattered from natural-

25 white shaft(s). In contrast to the sample-representative spectrinn, the measwed region-
specific spectra corresponding to the second region is generated primarily from light
scattered from natwral-pigment-containing shaft{s).

Based upon the first and second region-specific spectra, it i3 possible to

respectively predict a post-treatment state (i.e. after subjecting the sample of hair-color-

Lt
v

modifying treatment) of the natural-white and natural-pigment-containing shafi{s) by

respectively computing lirst and second post-treatment predicied spectra,
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Subsequently, in order to predict a post-treatmient state representative of the entire
sample of hair, the first and second post-treatment spactra may be combined with each
other - e.g. in a manner that taking into account relative fractions of natural white and

natural-pigment-containing shafts within the sample, Thus, o hair samples where natoral

i

white shafls are more comimon, a greater weight may be assigned to a predicted spectrum
represesting a post-treatment state of the natural white shafts, Conversely, in hair
samples where vatural-pigment-containing shafis are more common, a greater weight
may be assigned to a predicted spectrum representing a post-treatment state of the
natural-pigment-containing shafts.

19 Not wishing to be bound by theory, it is noted that different shaft types may
respond differently to the same hair-coloring treatment. In situations where the sample of
hair is relatively homogensous, there is no need to compute region-specific spectra. In
these situations, a single spectra, generated by light scattered from Jocations throughout

the saraple, may suffice to characterize & 'typical’ hair-shafl within the sample.

.....
LA

I contrast, for samples of natural-gray hair there is no ‘typical' hair-shaft -
instead, hair-shafts are either natural white or natural-pigrent-containing shafts, each of
which responds differently to the hair treatment. In order to accurately predict a sample-
representalive post-treatiment spectrim, it may therefore be necessary to predict the final
spectrum for each type of hair-shaft, and to combine the resulis.

20 However, in order to accurately predict the final spectrusu for each type of hair-
shaft, the initial hair-spectrum of each type of hair-shaft should be accurately
characterized. Towards this end, methods and apparatus are now disclosed where the
initial hair-spectrum of each type of hair-shaft is directly measured by performning region-

specific spectral measurement for specific regions within the hair-sample.

[
o

The preceding pasagraphs relate to the specific example of panwal gray hair. As
will be discussed below, other embodiments relate to formerly natural gray hair.

Thus, without Hmitation on the specifics on the hair-sample, a region-specific
spectrum may be respectively measured for a each given region of pluality of regions.

Each region-specific spectrum is specific to material of the hatr-sample within the given

Lad
=

regiorn.
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4]

The atorementioned teachings may be implemented using & variety of devices for
measuring spectra, including it net limited to a hyperspectral immaging device and devige
comprising color-dispersion optics (e.g. prism or grating) for breaking light into spectral

components,

Ly

Alternatively or additionally, & configuration is disclosed where (i) the spectrum-
measurement device defines ao object-plane; (1) the halr is disposed so that the object-
plane passes through each given region of the plurality of regions to define, for each
for each of the given regions, (AY the respective region-object-plane intersection-area has
10 anelongated shape and an aspect ratio of at least 5 (or at least 10 or at least 15) wo define

an 'elongate axis’ andfor a vespective width of the respective region-object-planc
intersection-area is at most 100 microns or at most 50 micrens or &t most 25 microns or
at most 15 microns.

In this way, when the hair shafts of the sample are aligned wdth each other to

15 define a hair-shaft elongate axis, and the clongate axis of the respective region-object-
plane intersection-area is aligned with that of the hair shafty of the sample, the region-
object-plane intersection-area is adapied to a shape of hair-shafts.

Not wishing to be bound by theory, in situations where the hoir-sample is
homogeneous with respect to shaft eolor, 1t is, in general, tot problematic 1f material of

20 multiple shafts is “captured” by a single measure spectrum.  In comirast, in other
situations {e.g. where the sample is patural gray hair or formerly vatural gray hair), there
is a need to avoid this as much as possible, without resorting to unnecessarily restricting
the region size.

Without limiting the scops of clalmed subject-matter, it is noted that by

25 employing an optical arrangement and device geometry which adapts the region-object-
plane intarsection-area to-the shape of hair-shafts, 1t is possible to accomplish this goal,

A method of optically acquiring data from Kkeratinous fiber(s} comprises: a.
illuminating the keratinous fiber{s) such that light reflected andfor deflected andfor
wansmitted by the fiber(s) iy incident upon & detector and converted inte electtival

30 signal{s) by the detector; and b. compuning, from electrical signal{s), a plurality of specira

of the keratinous fiber(s) such that each spectrum of the plurality of spectra respectively
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corresponds o (i) a different respective porlion of the keratinous fiber(s) andior (1)
material within a different sub-region of space within which at least a portion of the
Keratinous fiber(s) are disposed.

In some embodiments, the method is performed so that 1. the ilominated fiber(s)

L5

are in 2 first object plane; B, a first image is formed at an intermediate location along an
optical path between the fiber(s) and the detector(s), the infermediate location being
configured both as a first image plane and a second object plane. the first image being an
at least 1D-focused image of the fiber(s), and i a second image is formed at the
detector, the second image being an fmage of the first image.
1 In some embodiments the method is performed so that due 1o a presence of at
least one imaging system(s): i. the iHuminated {iber(s) are in a first object plane: ii. a fest
image is formed at an intermediate location along an optical path between the fiber(s) and
the detector(s), the intermediate location being configured both as a first image plane and

a second ohject plane. the first image being an at least 1D-focused image of the fibar(x);

St
L

and iil. a sceond image is formed at the detector, the second image being an image of the
first image.

I some embodiments, the image systemn(s) are disposed along the optical path,

I some embodiments, a slit or aperture is disposed along the aptical path between
the keratinous [liber(s) and the detector(s) and the intermediate location substantially
20 corresponds to the slit or aperture.

In some emboduments, the detector comprises a plurality of constitutive photo-
detectors arranged in a two-dimensional planar array, a plane of which corresponds to an
image plane of the second image.

In some embodiments, first and second sub-sets {e.g. disjnint sub-sets) of the

25 constitutive photodetectors respectively generate first reflection and second spectra that
respectively corvespond (i) to first and second portions of the Keratinous fibers and/or {ii}
material within a {first and second subs-region of space within which at least a portion of
the keratinous {ther(s) are disposed.

In some embodiments, in one direction the sub-sets of photodetectors are parallel

30 1o each other



WO 2015/166340 PCT/IB2015/000724

~

In some embodiments, the ilhuninated fibers are aligned with one another along
an alignment axis and the first and second portions of the fibers corresponding to the first
and second spectra are aligned with each other along the alignment axis.

In some embodiments, a first direction of the mray of photodetectors corresponds

A

tr varying wavelength and a second direction perpendicalar to the fust direction
coarvesponds to different portions of the keratinous fibers.
In some embodiments, each reflection spectrum of the plurality of spectra
respectively corresponds to a different respective disjoint portion of the keratinous fibers.
In some embodiments, the method further comprises: ¢. electronically comparing
10 a specteunt specific to a first of the portions of the keratinous fiber(s) with a spectrum
specific to the second ot the portions of the keratinous fiber{s); and d. in accordance with
the results of the comparison, classifying the keratinous fiber(s) as homogeneous or
heterogeneous with respect to color,
In some embodiments, the method further comprises: ¢. electrenically comparing
15 a veflection spectrum specific (o a first of the portions of the keratinous fiber(s) with a
reflection spectruin specific o the second of the portions of the keratinous fber(s); and d.
in accordance with the results of the comparison, classifving the keratinous fiber(s) as
homogeneous ot heterogeneous with respect to color.
In some eobodinents, the method further comprises: ¢. electronically comparing
20 a spectrum specific to a first of the portions of the keratinous fiber(s) with a spectrum
specific to the second of the portions of the keratinous fiber(s); and d. dispensing a
combination of hair-coloring agents according to the resulss of the comparing.
I some embodiments, the method fusther comprises: ¢, electeonically comparing

a reflection spectrum specific to a first of the portions of the keratinous fiber(s) with a

25 reflection spectrum specific to the second of the portions of the keratinous fiber{s); and d.
dispensing a combination of hair-coloring agents according to the rosults of the
comyparing.

A fiber-coloring-related method comprises: a. disposing keratinous fibers of a
subject o that a different portion of the fiber{s) is respectively located in a different suh-

.-'

30 region of a region of space divided into a plurality of sub-regions: b. for sach sub-region

of the plurality, respectively acquiring spectral data specific to the respective portion of
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the keratinous fibers disposed within the sub-region; and ¢, clectronically comparing
spectral data specific to a first of the portions of the keratinous fiber(s) with spectral data
specific to the secound of the portions of the Keratinous fiber(s).

A fiber-coloring-related method comprises: a. disposing keratinous fibers of a

LA

subject so that a ditferent portion of the fiber(s) is respectively located in a different sub-
region of a region of space divided into a plarality of sub-regions; b. for each sub-region
af the plurality, measuring a respective spectrum specific o the respective portion of the
keratinous tibers disposed within the sub-region; and c. electronically comparing a first
of the spectra descriptive of a first portion of the fiber(s) with a second of the spectra of
10 descriptive of a second portion of the fibes(s).
In some embodiments, one or both of the first and second specira are  veflection
spectra.
ln some embodiments, the method is performed to compute a uniformity andfor
homogeneity parameter,
15 In some embodiments, the uniformity and/or homogeneity parameter is a hair
strand uniformity and/or homogenelity parameter,
In some embodiments, the uniformity and/or homogeneity parameter 15 a color-
space parameter.,
Int some embodiments, the colov-space paraineter is a LAB color-space value.
20 In some embodiments, the method further comprises in accordance with the
results of the comparing, dispensing a combination of hair-coloring agents,
In some embodiments, the method further comprises: classifying the Keratinous
fiber(s} as homogeneous or heterogeneous with respect to color and/or color-space value,

wherein the dispensing is performed i accordance with the results of the classifying.

2
L

In some embodiments, the method further comprises:  classifying the keratinous
fiber(s} as homogeneis or heterogencous with respect to color and/or color-space value,

A method of coloring keratinous fibers comprises: a. disposing keratinous fibers
of a subject so that a different fiber{s) sub-population is respectively located in each sub-
region of a region of space divided into a plurality of sub-regions; b, for cach of the sub-
30 regions, respectively acquiring speciral data specific to the respective sub-population of

the keratinous fibers disposed within the sub-region; ¢. electronically comparing spectral
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data specific to a first of the sub-populations with spectral data specific 1o the secomd of
the sub-populations; and d. computing a parameter refated to hair homogeneily in
accordance with the results of the electronic comparing,

In some embodiments, (1) the method further comprises: e, in accordance with the

th

comparing of the spectral data, electronically classifyving the keratinous fibers as natural-
grey hair or as aruficially colored grey hair; and the dispensing is performed in
accordance with the results of the classifying,

In some embodiments, the image is anisotropically magnified at different
magnification values in orthogonal axes in the image plane - f.e. a first magnification
18 value which may be equal to one or to any other value; i.e. a second magnification value
which ig different from the first 1 magnification value in the second axis.

In some embodiments, the method is performed so that the image plane that is co-
plangr with the slit or aperture is an image plane containing a only-ID-focused-image

that is focused in a first axis within the image plane and blurred in 4 second axis that is

pa—
L

orthogonal to the first axis.

A system for acquiring speectral data from keratinous fiber(s) comprises: a. a
deviee housing defining a fiber{s)-placersent location: b. a source light configured to
illuminate keratinous fiber(s) when sttuated at the fiber-placement location so that at least
a portion of the fiber(s) is situated within a region of space; ¢. apparatus configured for
20 each of the sub-regions, to respectively acquire spectral data speeific to the material
disposed within each sub-region.

A sysitem for acquiring spectral data from keratinous fiber{s) comprises: a. a
device housing defining a fiber{s)-placement location: b. & source light configured to

illuminate kevatinous fiber{s) when situated at the fiber-placement location so that at feast

23 a portion of the fiber(s} is situated within a region of space: ¢. apparatus configared for
each of the sub-regions, to respectively acquire spectral data specific to a different
portion of the keratinous fiber(s).

In some embodiments, the apparatus comprises a monochromator or spectral
analyzer.

30 In some embodiments, the monochromator or spectral analyzer comprises at least

one of a grating and a prisn.
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In some embodiments, a slit or aperture is disposed upon an optical path between
the fiber(s) and a light detector.

A system for acquiring spectral data from keratinous fiber(s} comprises: a. a
device housing defining a fiber(s}-placement location; b. a source of light configured to
illuminate keratinous fibers when situated at the fiber-placement location; ¢. a shit or
aperture or collimating lens; d. a grating and/or prism and/or other color-dispersion
optics; e. a detector for detecting light; and . first and second optical systems configured
to focus light reflected and/ov deflected and/or transmitied by the Hluminated keratinous
fibers so that: i, light reflected and/or deflected andfor transmitted by the keratinous
fiber(s) is focused by the first imaging systern to form an at least [D-focased image of the
keratinous fiber(s) at an interruediate location along an optical path between the fiber(s)
and the detector; and ii. the grating and/or prism and/or other color-dispersion optics and
the second optical system are situated on an optical path between the slit or aperture or
collimating lensand the detector such that the light reflected from and/or deflected by
and/or transmitied by the keratinous fibers reaches the detector via the grating andfor
prism and/or other color-dispersion optics and the second optical system, wherein: A. a
presence of the grating and/or prism andfor other color-dispersion optics causes the
detector to detect spectral data of the keratinous {iber(s); and B. a presence of the second
mmaging system focuses keratinous-fibes(sy-reflected and/or deflected and/or transmitied
light on the detector {e.g. on a planar array thereof) to form, on the detector, an tmage of
the keratinous fiber(s) at the intermediate location(s). This image may be

In some embodiments, the intermediate location(s) may correspond to a location
of the slit (or other aperture) or to a location of the grating and/or prism and/or other
color-dispersion optics.

A system for acquiring spectral data from keratinous fiber(s) comprises: a. a
device housing defining a fiber{s)-placement location; b. a light source configured to
iHluminate keratinous fibers when situated at the fiber-placement location; ¢. a 2D planar
array of photodetectors; and d. optical components configured to form, from light
reflected andfor deflected andfor transmitted by the fiber(s): 1. spectral data in a first

dimension of the 2D planar array of photodetectors; and ii. an at least 1D-focused image
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of the keratinous fibers ina second direction of the 2D planar array of photodetectors, the
second direction being perpendicular to the first direction.

In some embodiments, the slit defines an elongate axis and the keratinous
fibers(s) are substantially aligned in a direction that is perpendicular to the elongate axis
of the slit.

A method of optically acquiring data from keratinous fiber(s) comprises: a
illuminating the fiber(s) by hight such that light reflected by the fibet(s) subsequently
passes through a slit or aperture; and b. analyzing the output of photodetector(s) to (1)
determine spectral data of the ilhuminated fiber(s) and/or (1) caleulate 2 hair treatment
from the analyzed output, wherein the illuminated fiber(s) are in an object plane and a
presence of one or more optical components on an optical path between the fiber(s) and
the siit or aperture cause the formation of an image plane so that the sht or aperture is
focated within the image plane.

It some gmbodiments, the image is anisotropically maguified at different
magnification valoes in orthogonal axes in the image plane - te. a first magnification
value which may be equal to one or to any other value; 1.e. a second magnification value
which s different from the first magnification value in the second axis.

In some embodiments, the image plane that is co-planar with the slit or aperture is
an image plane containing a only-1D-focused-image that is focused in a first axis within
the tnage plane and blwred in a second axis that is within the image plane und is
orthogonal to the first axis.

A method of optically acquiring data from keratinous fiber(s) comprises: a.
illuminating the fiber(s} by light such that light reflected by the fiber(s) subsequently
passes through a slit or aperture; and b. analyzing the output of photadetecton(s} to (i)
determine spectral data of the iluminated fibes(sy and/or (i1} calculate a hair treatment
from the analyzed outpul, wherein the Hluminated fiber{s) are 1n an object plane and a
presence of one or more optical components on an optical path between the fiber(s) and
the slit or aperture cause the formation first and secoud only-1D-focused-images on
opposite sides of the slit or aperture dnd wherein light from both the first and second
only-1D-focused-images is meident upon and detected by the photodetector(s) {e.g. to re-

combine the only- ID-focused-image.

PCT/IB2015/000724
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[n some embodiments, the first only-1D-focused-image is focused im a first
direction and blorred i a second direction orthogonal to the first direction, and the
second only-1D-focused-image is Tocused in the second direction and bhurred in the first

direction.

L

In some embodiments, the Hluminated fibers are aligned with each other.

In stine embodiments, at least one of the spectrura(s), or at least a plurality of
spectrum(a) are veflection spectrum(n) or absorption spectrum(a)  or (ransmission
spectrimia).

In some embodiments, the keratinous fibe(s} are iHluminated by incoberent light,
10 A owthod of optically acquiring data from keratinous fiber{s) comprises: a.
illominating the keratinous fiber(s); b, from Hght reflected andfor deflected andfor
transmitted by the fiber(s}, respectively forming first and second only-1D-focused tmages
of the fiber(s) at first and second intermediate locations; ¢. passing from Hght of the first

and second only-1D-focused tmages through colos-dispersion optics: and d. receiving, by

Ju—
th

a hight detector, light from the first and second only-ID-focused images after this light
has passed through the color-dispersion optics so as to detect spectrum(a) of the
keratinous fiber(s)

In some embodiments, the first and second only-1D-focused images ave formed
are formed by optical components comprising a toric lens.
20 A system for optically acquiring data from keratinous fiber(s), the system
comprising: a. a source of light configured to illuminate the keratinous fiber(s); b. an
imaging system counfigured to respectively form, from light reflected andfor deflected
and/or transmitted by the fiber{s), first and second only-1D-focused images of the fibar{s)

at first and second intermediate locations: o, color-dispersion optics configured to receive

o]
L

light of the first and second omly-1D-focused images; and d. by a light detector
configured to receive light from the first and second only-1D-focused umages after this
light has passed through the color-dispersion optics so as to detect spectrum{a) of the
Keratinous fiber(s).

In some embodiments, the first only-1D-image i focused in a first image-plane

30 direcuon and blurred in a second fmage-plane direction orthogonal 1o the first image-
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plane direction and the second ounly-1D-image iz focused n the second image-plane
direction and blurred in the first image-plane direction.
In some embodiments, the keratinous fiber{s) are aligned along an alignment axis.
In some embodiments, i. the keratinous fiber(s} are aligned along an alignment
axis; ti. the first only-1D-image is focused in a first image-plane direction along the
alignment axis and blurred in a second image-plane direction  orthogonal to the first

image-plane direction; and ii. the second only-1D-image is focused in the sccond hmage-

plane direction and blarred in the first tmage-plane direction.

In some embodiments, the first and second only-1D-focused images are
recombined at the light detector.

In some embodiments, the first and second only-1D-focused images are
recombined into a 2D-focused-image at the light detector.

In some embodiments, the reflected and/or deflected and/or transmitted by the
fiber(s) passes through an aperture or a stit en route to the color-dispersion optics.

In some embaodiments, an image plane location of the first or second only-1D-
focused image cotresponds to a plane of slit or the aperture.

In some embodiments, further comprising according to the detected spectrumd{a),
calculating a hair-treatnient recipe and/or dispensing # combination of hair-coloring
agents.

A method of predicting a result of a hair-color-miodifying treatment on a sample
of hair, the method comprising:  a. for each given region of a plurality of distinet regions,
respectively measuring a region-specific spectrum of respective material of the hair-
sample respectively disposed within the given region; and b. computing first and second
predicted post-treatment spectra respectively from first and second initial spectra by
respectively predicting a transformation of the first and second initial spectra following
subjecting the sample of hair to the hair-color-modifying treatment, the first and second
nitial spectra being distinct and (1) derived from the plurality of measured region-specific
spectra and/or (i) corresponding to first and second of the measured region-specific
spectra.

In some embodiments, the method wherein: 1. the hair-sample is a sample of

patugal-gray bair that is a mixture of natoral white shafts and natural-pigroent-containing

PCT/IB2015/000724
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shafts; i each measured region-specific spectrum of a first set of the measured region-
specific spectra is generated primarily by light scattered from nateral white shafi(s): iii.
each measured region-specific spectrum of a second set of the measured region-specitic
spectra is generated primarily by light seattered from vatural-pigment-containing shafi(s);
iv. the first and second initial spectra are respectively representative of the first and
second set of spectra and are respectively derived therefrom.

Examples of natural-pigment-containing shafts inclode natural-black shafts,
natural-brown shafts, naturalwred shafis and vatsral-blond shafts.

In some embodiments, the method i .the hair-sample is a sample of formerly
natural-gray hair that: (A} was formerly mixture of natural white shafts and natural-
pigment-containing shafts; and (B} is presently a mixture of shafts of first and second
color-types that are respectively dertved from the sateral white and the vatural-
pigmented-containing shafis; ii. each measured region-specific spectrum of a first set of
the measured region-specific spectra is geoerated primarily by light scattered from
shafl(s) of the first color-type; iii. each menswred region-specific spectriun of a second set
of the measured region-specific spectrs i1s generated primarily by light scattered from
shaft{s) of the second color-type; and iv, the fisst and second initial spectra are
respectively representative of the first and second set of spectra and are respectively
derived therefrom.

In some embodiments, the method of any preceding clainy, further comprising: |
computing from the first and second post-treatrocnt spectra, a predicted sample-
representutive post-treatment spectrum representing the predicted spectrum for the entire
sample of hair after subjecting'to the hair-color-modifying treatnent,

In one examiple, the post-treatment spectium may be computed 8o as (o reduce a
distance in color space between baiv shafts of the first and second color type (e.g. natural
white and natural-pigment-containing shafts) and also to minimize a distance in color
space between heir-shatfts of each type and a target color {e.g. LAB value).

In some embodiments, the method wherein (1) the predicted samiple-representative
post-treatment spectrum i3 forther computed in accordance with g hair-shaft color-

heterogeneity parameter of the hair-sample and/or () multiple region-specific spectra are

PCT/IB2015/000724
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compared to each other, and the predicted sample-representative post-treatment spectrum
1 computed according to the resulis of the comparing of the region-specific spectra.
In some embodiments, the method wherein the hair-shaft color-heterogeneity

parameter describes relative fractions of natural white shafts and natural-pigmented shafts

N

within a sample of natural gray hair.

In some embodiments, a different predicted sample-representative posi-treatment
spectrum is respectively computed for each candidate hair-color-medifying treatment of a
plurality of candidate hair-color-modifying treatments, and wherein a recommended hair-
color-modifying treatment is obtained upon comparing predictions for cach of the
10 candidate hair-color-modifying treatments.

In some embodiments, the method further comprising computing a combination
of mgredients for a hair-coloring composition in accordance with the sanyple-
representative post-treatment spectrum, and dispensing the computed combination of
ingredients,

15 In some embodiments, the method wherein step (b) is pecformed respectively for
each candidate bair-color-modifying treatment of a plurality of candidate hair-color-
modifying treatments, and wherein a recommended hair-color-modifying treatment is
obtained upon comparing predictions for each of the candidate hair-color-modifying
treatments.

20 In some embodiments, the method frther comprising computing in a

combination of ingredients for a hair-coloring composition in accordance with the

predicted posi-treatment spectra computed in step (b).

In some embodiments, the measured spectra are reflection spectra or transtaission

spectra of ahsorplion spectra,

[}
8741

In some embodiments, the method wherein the measuring of the speehra is
performed by a spectral imaging device {¢.g. hyperspectral imaging)

In some embodimenss, the method wherein the measuring of the spectra includes
passing light reflected and/or deflected andfor transmitted by hair(s) of the sample

through a prism or a grating,
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In some embodiments, the method wherein each measored spectrasy includes at
teast one reading in the [200 nm, 400 nm} range andfor at least one reading in the {400
nm, 600 nmj range and/or or at lsast one reading iu the {600 am, 800 nm] range .

In some embodiments, the method wherein each measured spectrum includes at
least one reading in the [600 + A*50 nm 1000 nm] range, wherein N is an integer having
a value of at least 1 or at least 2 or at feast 3 or at least 4 or at least 5.

In some embodiments, the method wherein each measurement spectrum includes
at least one reading in all of the following ranges: {{400 nm,500 nm].[500 nm,600
nm] (600 nm, 700 oo}, [700 nm, 800 omdt

In some embodiments, the method wherein cach measurement spectrum includes
at least ome reading in all of the following ranges: {{400 nm. 500 om][300 nm 600
am], [600 nm, 700 nm].[800 nm, 1000 nm]}.

In some embodiments: i each region-specific spectrum measurement is
performed by a measurement device defining an object plane; ii. the sample hair is
disposed so that the object plane passes through each of the regions; 1. the
perpendicular projection of each region into the object plane yields a respective elongated
area of the object-plane defining an elongate axis; iv. each elongated area defined by the
projection of a respective region into the object plang has a respective aspect ratio equal
to at teast 5 or at least 10 and/or a respective width of each elongated area of the object
plane is at most 100 microns or at most 50 microns or at most 25 microns or most 15
microns; and v, all of the elongated axes are aligned with each other,

In some embodiments, the method performed on a sample of hair-shafts that are
aligned with each other to define an hair-alignment-axis, the hair-alignment axis being
aligned with each of the clongate axes of the region-object-plane intersection areas,

In some embodiments, & method of predicting a result of a hair-color-modifying
treatment on a sample of bair, the method comprising: & for each given region of a
plurality of distinct regions, respectively performing a region-specific colorimetric
measurement of respective material of the hair-sample disposed within the given region
to respectively acquire colorimetric measuremant data specilic to material respectively
disposed in the given region; b, computing first and second predicted post-treatment

colorimetric data respectively from first and second initial colorimetric data by
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respectively predicting a wansformation of the first and second initial colorimetric data
following subjecting the sample of hair to the hair-color-modifying reatment, the first
and second initial colorivoetric data betng distinet and {1) derived from the plurality of
region-specific colorimetric measurement data and/or (M) cormresponding to first and
second of the region-specific colorimetric data.

In some embodiments, the method wherein: 1. the baiv-sample 13 a sample of
natural-gray hair that is a mixture of natural white shafts and patural-pigment-containing
shafts; 11, each colorimetric measurement of a first set of the colorimetric measurements
is generated primarily by light scattered from natural white shaft{s); iii. each colorimetric
measurement of a secound set of the colorimetric measurements Is generated primarily by
light scatiered from vatwwal-pigment-containing shaft(s); iv. the first initial colorimetric
data is representative of the colonmetric messurement data acquired by measurements of
the first set of colorimeinic measurements; and v, the second initial colorimetric data is
representative of the colorimetric measurement data acquired by measurements of the
second set of cclorimetric measurements,

In some embodiments, L . the hawr-sample 15 a sample of formerly natural-gray
hair that: (A) was formerly a maxture of natural white shafts and natural-pigment-
containing shafts; and (B) is presently a mixture of shafts of first and second color-types
that are respectively derived from the satural white and the natural-pigmented-containing
shafts: 11, each colorimetric measurement of a first set of the colorimetric measurements
is generated primarily by light scattered from shaft(s) of the first color-type; i, each
colorimetric measwrement of a second set of the colorimetric measurements is generated
primarily by light scatiered from shaft(s) of the second color-type, iv. the first initial
colorimetric data is representative of the colorimetric measurement data acquired by
measurermnents of the first set of colonmetric measurements; and v. the second initial
colorimetric data is representative of the colorimelric measurentent data acquired by
measurements of the second set of colorimeiric measurements;

In some embodiments,: 1, esach region-specific colorimelric measurement is
performed by a measwement device defining an object plane; ii. the sample hair is
disposed so that the object plane passes through ecach of the regions; i the

perpendicular projection of each region into the object plane vields a respective elongated
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area of the object-plane defining an elongate axis; iv. each elongated area defined by the
projection of a respective region into the object plave has a respective aspect ratio equal
to at feast 5 or at least 10 and/or a respective width of cach clongated area of the object
plane 15 at most 100 microns or at reost 30 microns or at most 25 microns or most 13
microns; and v, all of the elongated axes are aligned with each other,

In some embodiments, the method performed on a sample of hair-shafts that are
aligned with each other to define an hair-alignment-axis, the hair-slignment axis being
aligned with each of the elongate axes of the region-object-plane intersection areas.

In some embodiments, the method further comprising: computing from the first
and second post-treatment colortmetric data, a predicted sample-representative post-
treatment colorimetric data representing the predicted colorimetric data for the entire
sample of hair after subjeeting to the hair-color-modifying treatment.

In some embodiments, the method wherein (1) the pradicted sample-representative
post-ireatment colorimetric data is further computed in accordance with a hair-shaft
color-heterogeneily parameter of the hair-sample andfor (i) multiple region-specific
colosimetric data are compared to each other, and the predicted sample-representative
post-treatment colorimetric data is computed according to the results of the comparing of
the region-specific colorimetric data.

In some embodiments, the method wherein the hair-shaft color-heterogencity
parameter desceribes relative fractions of natural white shafts and natural-pigmented shafts
within a sample of natural gray hair.

In some embodiments, the method wherzin a different predicted sample-
representative post-treatment colorimetric data is respectively computed for each
candidate hair-color-modifying treatmesnt of a plurality of candidate hair-color-modifying
treatments, and wherein a recommended bair-color-modifying treatment is obtained upon
comparing predictions for each of the candidate hair-color-modifyving treatments,

in some embodiments, the method further comprising computing a combination
of ingredients for a hair-coloring composition in accordance with the sample-
representative post-treatment  colorbmetric data, and  dispensing  the  computed

combination of ingredienis.
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In some gimbodiments, the method wherein the region-specific colorimetric data is
LAB data or RBG data.

In some embodiments, the method wherein: 1. each of the regiou-specific
spectrum measurements is performed by a measurernent device defining object and
image planes; . each of the region-specific spectra is geperated by light which is
optically processed so that: A. along each given line of a set of parallel lines in the image
plane, only light from & corresponding live of & set of parallel lines in the object plane
reaches the given line 1o the image plane; and/or B. for each given point along each given
line of the set of parallel lines in the image plane, light of only a single wavelength from
maultiple locations along the corresponding line in the object plane reaches the given point
of the given Hue; andfor €, along cach given line of the set of parallel lines in the tmage
plane, the wavelength of Light received from the ohject plane monotonically increases,

In some emwbodirvents, the method wherein, for each of the region-specific
colorimetric measurements is based upon light processed by optics defining an object
plane and an image plane such that i along each given line of a set of paraliel livias in the
image plane, only light from a corresponding line of a set of paraliel lines in the object
plane reaches the given Hue in the image plane; and/or il for each given point along each
given line of the set of paraliel lines in the image plane, Hght of only a single wavelength
from multiple locations along the corresponding line in the object plane reaches the given
pownt of the given line; and/or 1ii. along each given line of the set of parallel lines in the
image plane, the wavelength of light received from the object plane monotonically
INCTEASeS.

A method of optically acquiring data from a sample of bair by a measurement
device defining object and image planes, the method comprising: . disposing the hair
sample so that the object plape passes through the sample of haiy; and b, eptically
processing light reflected and/or deflected and/or transmitted by hair of the sample of
that, upon reaching the image plane: 1. along each given line of g set of paraliel lines o
the image plane, only light from a corresponding line of a set of pavallel lines in the
object plane reaches the given line in the image plane: it for each given point along each
given line of the set of parallel lines in the image plane, light of only a single wavelength

from muliipie lovations along the corresponding line in the object plane reaches the given
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point of the given line; and iii. along each given line of the set of paratlel fines in the
fmage plane, the wavelength of light received from the object plane monotonically
inereases.

In some embodiments, the processed light is received by an amay of

5 photodetectors to detect one or more spectrumfa) the sample of hair or of a portion
thereof.

In some embodiments, performed to measure spectra as follows: for each given
region of a plurality of regions, a respective region-specific spectrum of respeciive
material of the hair-sample respectively disposed within the given region is measured,

1 In some embodiments, i, the sample hair is disposed so that the object plane
passes through each of the regions: i the perpendicular projection of each region into
the object plane yields a respective clongated aren of the object-plane defining an
clongate axis: {il. cach clongated area defined by the projection of a respective region

into the object plane has a respective aspect ratio egual to at least 3 or at least 10 and/or a

ot
¥ ¢}

vespective width of each elongated area of the object plane is at most 100 microns or at
most 30 microns or at most 23 microns or most 15 microns; and iv. all of the elongated
axes are aligned with each other,

In some embodiments, performed on a sample of hair-shafts that are aligned with
each other to define an hair-alignment-axis, the bair-alignment axis being aligned with
20 each of the elongate axes of the elongated areas.

A methed of optically acquiring data from a sample of hair by a measurement
device defining object and image planes, the method comprising: for each given region
ot a plarality of regions, respectively measuring a region-specific spectrum of respective

material of the hair-sample respectively disposed within the given region, wherein: i, the

o
Loy

sample hair is disposed so that the object plane passes through each of the regions; it. the

perpendicular projection of each region into the object plane vields a respective elongated
area of the object-plane defining an elongate axis; iil. each elongated area defined by the
projection of a respective region into the object plane has a respective aspect ratio equal
to at least 5 or at least 10 and/or 4 respective width of each clongated area of the object
30 plane is at wost 100 microns or at most 50 microns or at most 25 microns or most 15

microns; and iv. all of the elongated axes are aligned with each other.
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In some embodiments, the method wherein the measurements are performed
when hair shafts of the sample of hair are aligned with sach other to define a bair-shaft
alignment axis that is aligned with all of the elongate axes of the elongated area of the
object planes.

3 In some embodiments, the method performed such that a thickness of each
elongated area of the object plane is at most 100 microns or at most 30 microns.

It some embodiments, the method wherein the specirum are generated by light
which is {i) reflected andfor deflected and/or transmitted by hair of the sample and (i)
subsequently optically processed so that, upou veaching the image plane: 1. along each

10 given line of a set of parallel lines in the image plane, only light from g corresponding
ling of a set of parallel lines i the object plane reaches the given line in the irmage plane;
and 1. for each given point along each given line of the set of paraliel lines in the Image
plane, light of only a single wavelength from multiple locations along the corresponding

line in the object plane reaches the given point of the given line; and i, along each given

,_
(4

line of the set of parallel lines in the image plane, the wavelength of light received from
the object plane monotonically increases,

In some embodiments, the method wherein light for the measurement of the
region-dependent spectra is processed by color-dispersion optics, and the spectrum is
generated by the color-dispersion-aptics-processed light.

20 In some embodiments, the method wherein, performed on a sample of gray hair,
of en asample of formerly gray bair.

In some embodiments, the method further comprising measuring, obtaining or
computiing a hair heterogeneity parameter and computing 8 hair-coloring treatment and/or

dispensing ingredients for a hair-coloring composition according to the resulis of the hair

[
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heterogeneity parameter (e.g. the combination of the hair heterogeneity parameter and the
optically acquired data and/or the measured region-specific spectra - for example, the
resolts of analyzing the measured region-specific spectra).

In some embodiments, the method further comprising (1) directly or indivectly
comparing {irst and second of the region-specific spectra and () computing a hair-
30 coloring treatment and/or dispensing ingredients for a hair-coloring composition

according to the vesults of the comparing {(e.g. the combination of the results of the
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comparing and the optically acquired data and/or the measured region-specific spectra -
for example, the results of analyzing the measured region-spectfic spectra).
In some embodiments, the method further comprising (1) detecting locations of
hair-shatt boundaries and {i1) computing a hair-coloring treatment and/or dispensing
5 ingredients for a hair-coloring composition according to the results of the detecting of the
hair-shaft boundares. (e.g. the combination of the resulis of the detecting the hair-shaft
bondaries and the optically acquired data and/or the measured region-specific spectra -
for example, the results of analyzing the measurad region-specific spectra).
In some embodiments, a method of computing a spectral data related to a phurality
13 of keratinous fiber(s), the method comprising: a. illuminating keratinous fiber(s) on =
aser's head; b, detecting light from the illuminated fibers to one acquire user spectral
measurement-data; ¢ computing a scalp-spectrum-similarity-parameter by measuring an
gxtent of a correlation hetween (i) the user-spectral-measuvrement-data and {ii)} one or
more portions of a scalp spectrum; and d. contingent upon a similarity exceeding a
15 threshold, generating an alert signal.
In some embodiments, a method of computing a reflection spectrum related to a
plurality of keratinous fiber(s), the method comprising: a. subjacting keratinous fiber(s)
on a user's head to one or more spectral measurements o acquire wser-spectral-data; b.
analyzing the user-spectral-data to determine a presence or an extent of a presence of one
20 or move scalp-speciruom recognition feature(s) within the wser-spectral-data; and <
contingent upon the results of the determining, generating an alert signal.
In some embodiments, s method of computing a reflection spectrum related o a
plorality of keratinous fiber(s), the method comprising: a. subjecting Keratinous fiber{s}

on a users head to one or more speetral measurements (o acquire user-spectral-daga; b

[
L

analyzing the user-spectral-data to determine a compute a likelithood that the user-spectral
data is indicative of scalp-spectrumia)} rather than hair-spectrum(a); and ¢, contingent
upon the results of the determining, generating an alert signal.

In some embodiments, a method comprising: &. subjecting keratinous fiber{s) on
a subject's head to one or more spectral measurements to acquine subject-spectral-data; b,
30 subtracting a function of a scalp spectral data from the user-spectral data to obtain scalp-

noise-reduced spectral data of keratinous fiberfs) on the user’s head; and ¢. computing a
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hair-coloring recipe or dispensing hsir-coloring agents in accordance with the scalp-
noise-reduced spectral data,

In some embodiments, the method wherein the scalp-spectral data is acquired
fronm a person-other than the user.

In some embodiments, the method wherem the scalp-spectral data is acquired by
subjecting a different section of the subject’'s head t© a spectral measurement.

In some embodiments, a method of reducing scalp-related noise in keratinous
fiber spectroscopic data, the method comprising: a. disposing Keratinous fibers of a
subject so that a different portion of the {iber(s) is respectively located in a different sub-
region of a region of space divided into a plurality of sub-regions; b. for each sub-region
of the pluvality, respectively acquiring spectroscopic data specific to the respective
material disposed within the sub-region: and ¢. computing, from oulput of the
photodetectors from the incident light, a plurality of sub-region-specific reflection spectra
that each reflection spectrum of the plurality respectively corresponds to different of the
sub-regions; ¢. analyzing sach respective spectrwm to determine a respective scalp-
spectnum-sinuilarity parameter; e. for a fisst and a second of the sub-region-specific
reflection spectra, each having a different respective non-zero scalp-spectrum-similarity
parameter, computing a function of the first and second sub-region-specific reflection
spectra to generate a third spectrum having a scalp-spectra-similarity parwmeter that is
less than both that of the first and second sub-region-specific spectra.

In some embodiments, a method of acquiring optical data from keratinous
fiber(s), the method comprising: a. disposing keratinous fibers of a subject so that a

different portion of the fiber(s} is respectively focated in a different sub-region of a region

o

of space divided into a plurality of sub-regions: b. for each sub-region of the plurality,
respectively acquiring spectroscopic data specific to the respective  material disposed
within the sub-region; and c. computing, from output of the photodetectors from the
incident light, a pharality of sub-region-specific reflection spectra that each reflection
spectrum of the plurality respectively corresponds to different of the sub-regions: d.
analyzing each respective spectrum to determine a respective scalp-spectrum-similarity
parameter; e, for a first and a second of the sub-region-specific reflection specira, each

having a different respective non-zero scalp-spectrum-similarity parametss, computing a
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function of the first and second sub-region-specitic reflection spectea to generate a third
spectrum having a scalp-spectra-similarity parameter that is less than both that of the fiest

and second sub-region~-specific spectra.
In some embodiments, a mathod of acquiring optical data from keratinous
5 fiber(s), the method comprising: a. disposing keratinous fibers of a subject so that a
different portion of the fiber(s) is respectively located in a different sub-region of a region
of space divided into a plorality of sub-regions: b, for each sub-region of the plurality,
respectively acquiring speciroscopic data specific to the vespective material disposed
within the sub-region; and e¢. computing, from outpat of the photodetectors from the
10 mewdent light, a phuality of sub-region-specific reflection spectra that cach reflection
spectruin of the plurality respectively corresponds to differant of the sub-regions; o
analyzing each respective spectrum to determine a respective scalp-spectrum-simitarity
parmumeter; ¢ i accordance with the results of the analysis, ranking the sub-region-

specific reflection spectra; and £ estimating an initial color of the kevatinous fiber(s) by

—
|51

assigning a greater weight to the sub-region-specific-reflection ranked to have a lower
scalp-spectrum-similarity parameter; and g. in accordance with the estimated initial color
and a target color, computing a hair-coloring recipe and/or dispensing ingredients of hair-
coloting recipe.

In some embodiments, no region of the plurality is contained within any other
24 region of the plurality.

In some émbodiments, all regions of the plurality bave the same volume, or
wherein for every given region-pair of the set of region-pairs defined by the pluratity of
regions, a respective volume ratio characterizing the given region-pair is at most 2 or at

most 1.5,

o
(¥

In some embodiments, there is no overlap between any two vegions of the
pluratity, or wherein for every given region-pair of the set of region-pairs defined by the
plurality of regions, a respective overlap-fraction characterizing the region pair is at most
0%, or at most 30%, of at most 209% or at most 10%.

In some embodiments, the method wherein: L the measurements are performed by
3¢ a measurement device defining an object plane: i the measwrements are performed when

the sample of hair is disposed so that the object plane passes through the hair sample to
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define, for each given region of the plurality of regions, a respective regionobject-plane
miersection-area, thereby defining a plurality of region-ohject-plane intersection areas.
In some embodiments, the method wherein no region:object-plane intersection

area of the plurality of region-object-plane intersection areas is contained within any

LAk

other region:object-plane intersection-area of the plurality.

In some embodiments, the method wherein all region:ohject-plane intersection-
argas of the plurality of regioniobject-plane intersection-areas have the same size, or
whereint for every given intersection-area-pair of the set of intersection-arca-pairs defined
by the plurality of region-object-plane intersection areas, a respective size ratio
10 characterizing the given intersection-urea-pair is at most 2 or at most 1.5,

In some erabodiments, the method wherein there 18 no overlap between any two
intersection-areas of the plurality of region-object-plane intersection areas. or wherein for
every given intersection-area-pair of the set of pairs of intersection-areas defined by the
plarality of region-object-plane intersection aveds. a respective overlap-fraction

15 characterizing the given intersection-area-pair is at most 50%, or at most 30%, of at most
20% or at most 10%.

Apparatus for predicting a result of a hair-color-modifying treatment on a samaple
of hair, the apparatus comprising: a. a spectrum-measuring device configured to measure
a plurality of spectra as follows: for each given region of a plurality of distinet regions,

20 respectively measuring a region-specific spectrum of respective material of the hair-
sample respectively disposed within the given region; and b. clectronic circuitry
configured to compute first and second predicted post-treatment spectra respeetivel y from
first and second initial spectra by respectively predicting a transformation of the first and

second inital spectra following subjecting the sample of hair to the hair-color-modifying

25 weatment, the first and second initial spectra being distinct and (i) derived from the
plurality of measured region-specific spectra and/or (i) corresponding to first and second
of the measured region-specific specira.

In some embodiments, the spectrum measuring device includes by color-
dispersion optics andfor a hyperspectral device.

30 Apparatus for predicting a result of a hair-color-modifying treatment on a sample

of hair comprises: a. colorimetric-data measuring device coufigured o measure a
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colovimettic data as follows: for each given region of a plurality of distinct regions,
respectively  performing a region-specific colotimetric measurement of respective
material of the hair-sample disposed within the given region to respectively acquire
colonimetric measurement data specific to material respectively disposed in the given
region; b. electronic circuitry configured to compute first and second predicted post-
treatment colorimetric data respectively from first and second initial colovimetric data by
respectively predicting a transtformation of the first and second initial colorimetric data
following subjecting the sample of hair to the hair-color-modifying treatment, the first
and second initial coloriretric data being distinet and (1} derived from the plurality of
region-specitic colorimetric measurement data andfor (11) corresponding to first and
second of the region-specific colorimetric data.

In some embodiments, the electronic circuitry includes any combination of
software, hardware and firmware,

Appasatus for opiically acquiring data from a sample of hair comprising: a. a
measurement device comprising optics and a planar array of photodetectors, the optics
and the planar array defining object and image planes, the optics configured, when the
sample of hair is disposed so the object plane passes through the sample of hair, to
optically process light reflected and/or deflected andior transmitted by hair of the sampla
of that, upon reaching the smage plane: 1. along each given line of a set of parallel tines in
the unage plane, only light from a corresponding line of a set of parallel lines in the
object plane reaches the given line in the image plane; ii for each given point along each
given line of the set of paralle] lines in the image plane, light of only a single wavelensth
from multiple locations along the corresponding line in the object plane reaches the given
point of the given line; and i, along each given Hne of the set of parallel Hnes in the
image plane. the wavelength of light received from the object plane monotonically
mereases.

In some embodiments, the apparatus is configured to compute from the optically
acquired data a hair-coloring treatment and/or configured to dispense ingredients for a

hair-coloring composition according to the tesuits of the hair heterogeneity parameter.
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In some embodiments, the apparatus is configwed o compuie the treatment
and/or dispense the iwogredient according to results of comparing of region-specific
spectra and/or according 1o detected hair-shaft boundaries,

In some embodiments, the apparatus is 1. configured to receive, measure, detect,

5 compute and/or obtain 8 hair heterogeneity parameter; and i, configured to compute a
hair-coloring treatment andfor configuved o dispense ingredients for a hair-coloring
compasition in accordance with both (A) the optically acquired data and/or the measured
spectriun{a) and/or the measured colorimetric data and (B) the hair heterogeneity
parameter.

10 In some embedinients, the apparatus i i configured to detect hair-shaft
boundaries: and i1 configured 1o compute a hair-coloning treatment and/or configured o
dispense ingredients for a hair-coloring composition in accordance with both (A) the
optically scquired data and/or the measured spectrum{a) and/or the measured colorimetric
data and (B) the hair shaft boundaries.

15 In some embodiments, the apparatus is 1. configured to directly or indirectly
compare measured spectra; 1. configured to compute a hair-coloring treatment andfor
configured to dispense ingredients for a hair-coloring composition in accordance with the

results of the comparing.

20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of a system for preparing a customized hair-coloring
composition in accordance with measured optical properties of the user's hair,
23 FIGS. 2 and 3A-3B respectively #llustrate example dispenser and hair-reader

devices.
FIG. 4 i3 a flow-chart of a method for preparing a custontized hais-coloring
composition.
FIG. 3 is s flow-chart of method for pradicting post-treatment specira according
30 to measured region-spectfic spectra.

FIG. 6A illustrates hair-shafis on a window of o halr-reader device.
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FIGS. 6B and 8 illustrate cross-sections of iluminated hair-shafts.
FIGS. 6C and 7A are top-down views of illuminated hair-shafts.
FIG. 78 illustrates an infersection between a plurality of regions and an ohject
plane.
3 FIG. 9 is a flow-chart of method for predicting post-trestment colorimetric data
according o measured region-specific colorimetric data.
FIG. 10A is a flow chart 35 a technique for predicting a result of a hair-color-
modifying treatment, according to some embodiments.
FIG. 108 ilustrates clusters according to shaft color-properties.
10 FIG. 11 is a close-up of sobstantally-aligned hair shafts on a window of hair-
reading device.
FIG. 12A-12B illustrate a plurality of keratinous fibers on a window of a spectral
hair-reader .
FIG. 13A illustrates an apparatus for measuring region-specific spectra of hair.
15 FIG. 13B illustrates a two-dimensional array of photodetectors.
FIGS. 14A-14B, 15A-158, 16-168  dlustrate corresponding parallel lines in the
object plane and the image plane.
FIG. 16C illustrates object-plane-projected regions {e.g. elongated arcas of the
object-plane) formed by projecting regions of space into the object plane.
20 FIGS, 17-27 ilustrate additional embodiments,

DETAILED DESCRIPTION OF EMBODIMENTS

The claims below will be better understood hy referring to the present detatled

description of example embodiments with reference to the figures. The description,

3
LH

embodiments and figures are not to be taken as limiting the scope of the clainms, It should
be understood that not every feature of the presently disclosed methods and apparatuses
is necessary in every implementaton. It should also be understood that throughout this
disclosure, where a process or method 1s shown or described, the steps of the method may
be performed in any order or simultaneousty, unless ¥ is clear from the context that one

30 step depends on another being performed fivst. As used throughout this application, the
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word “may” is used in a permissive sense (Le., meaning “having the potential t0”), rather
than the mandatory sense (i.e. meaning “must™),

B is appreciated that certain features of the fnvention, which are, for clarity,
deseribed in the context of separate embodiments, may also be provided in conmbination

5 in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided separately
or in any suitable sub-combination.

Pefinitdons

10 Por convenience, in the context of the descripion herein, variogs lerms are
presented here. To the extent that definitions are provided, explicitly or tmplicitly, here or
clsewhere in this application, such definitions are understood to be consistent with the
usage of the defined terms by those of skill in the pertinent an(s). Furthermeore, such
definitions ate to be comstrued in the broadest possible sense consistent with such usage.

15 For the present disclosure, an "image" refers to one or more of (i) an image that is
focused in both dimensions of an irsage plane (hereinafter a 2D-focused tmage’) and (i)
an ‘only-1D-focused-image' that is focused in only a first dimension of the image plana
and blugred in the second dimension of the image plane thal is orthogonal to the first
dimension. In the context of images, 1D refers to a single dimension (one-dimension)

20 within the image plane and 2D refers to two dimensions within the image plane, The
ouly-1>-focused-image image may be generated using any optics known in the art
nclading but not limited to a toric lens - the skilled artisan will appreciate that other
lenses or other optical components other than lenses {e.g. mirrors) may be used. The

terms ‘partial image’ and a ‘only-iD-focused-image’ are used interchangeahly.

U2
N

An ‘at least 1D-focused image’ refers to either an ‘only-1D-focused-image’ or to a
2D~focused image. ' Thus any reference to 'an at least 1D-focused image' means that (i)
in some embodiments, the image may be an "only-1D-focused-image” and (i) in other
embodiments, the image may be a 2D-focused image.'

Any reference to an image’ without specifying the number of dimensions i which
30 the image is focused may relate either to an ‘only-1D-focused-image’  {in some

v oo

embodiments) or to a 2D-focused image’ (in other embodiments).
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When ap image is formed at an ‘intermediate focation’ this means that either (1) a
2D-focused image 1s formed at the interediate location (e.g. at a single interniediate
tocation); (i} only one only-1D-focused-tmage is formed at a single intermediate location

S second directions (for example, the first and second directions are orthogonal to each
other) and respectively blurred in orthogonals to the first and second directions) are
formed in first and second intermediate locations. Thus, an 'intermediate location’ refers
to one or more intermediate locations.

For the present disclosure, ‘color-dispersion optics’ refers to optical components

10 which breaks light into spectral components. Examples of color-dispersion optics inclade
but are not mited to a prism and a grating.

A “light detector” or a "detector” refers to ome or more photodetectors - e.g.
configured as an image sensor and/or ina 1D or 2D array of photodetectors. In another
example, a scanning detector apparatus equivalent to a 1D or 2D ‘starting’ array of

153 photodetectors s used. When light is focused in an image plane at the light detector; the
photodetector of the light detector is within the tmage plane.

A 'sHE 15 a particular type of aperture having a rvelatively high aspect ratio (e.g. at
teast § o at least 7.5 or at feast 10 or at feast 15) - ie. a length significantly exceeds a
widih thereof. For the present disclosure, for any embodiment requiring or reciting o 'shit,

20 an aperture may be substituted,

The term "color-imparting agent” refers to a hair-coloring agent (e.g. for example,
for permanent hair-coloring) or to an ingredient thereof,

Unless specified otherwise, when a region is "projected” into a plane, every point of

the region is subjected to a perpendienlar projection into the plane,

3
4]

A "substantial majority” means at least 73%. In some embodiments, a ‘substantial
majority’ is at least 80% or at least 95% or at least 99%. Unless specified otherwise, a
‘majority’ means ‘at least a majority.’ Unless specified otherwise, ‘at least a majority’
means that, in some embodiments, the 'majority’ is at least 2 sebstantial majority - Le. at
teast 75% or at least 90% or at least 95% or at least 99%.

30 Electronic circuitry miay include may include any executable code module (e

stored on a computer-readable medium) and/or firmware and/ov hardware element(s)
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yocluding but not hmited to field programimable logic array (FPLA) elemeni(s), hard-
wired logic elemenys), field programmable gate armay (FPGA) elemeni(s), and
applicatinn-specific integrated civeuit {ASIC) element{z). Any instruction set architecture
may be wsed including but not limited to reduced instruction set computer {RISC)
5 architecture and/or complex instruction set computer (CISC) architecture. Blectronic
circuitry may be located in a single location or distributed among a plurality of locations
where various circuiiry elements way be in wired or wireless electronic communication
with each other.
A 'hair-coloring treatment' is any treatment which modifies the color of hair
10 shafts. Examples of hair-coloring treatmuents include hair-dying treatments {e.g. based
upon artificlal  colorants) and bleaching. Examples of hair-dying treatments are
temporary, demi-permanent, semi-permanent or permanent hair-dving {e.g. oxidative
hair-dying).

A 'spectrunt’ of material {e.g. hair} may be a reflection spectruny, & transmission

—r
LA

spectrum, or an absorption spectrum - f.e. Hight may be scattered from the material in any
modes. A “spectrom” meludes readings (e, actoal measurements) for at teast § distinet
wavelengths - measurernents are performed for every wavelength of a set of wavelengths
SET = {4y, Az, Axt where Ap 4l j»i, where N >=3.

When a measurement (e.g. a spectra ov a measurement of coloriomelric data)
20 ‘corresponds 1o a region of space {or of a plane). the measurement is specific to hair-
material withiy that region,

A "set” refers to "one or more.” By way of example, a “set of spectrm(a) " is one
or more spectrum{al.

Unless other specificd. a plurality of reglons refers to @ plurality of distinet

B2
R

regions.

A 'representative’ data-object {e.g. representative colorimetric data, or a
representative spectrum) of a set of data objects may be computed by comparing the data
objects for common feature (f.e. where the representative 13 selected on the basis of a
comnon feature), or by computing a ceniral wendency value {e.g. an average, or a median
30 value or any other representative value {eg., a first statistical moment}, or according o

any other technique appropriate {for the art of hair-analysis,
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When second data {e.g. a spectrum or a portion thereof, or colorimetric data) is
"derived from” first data, the first data may be obtained by subjecting the first data to
analysis and to obtain the second data according to the results of the analysis. For

example, the second data may be a wathematical transformation - Le. second_data =

Hiirst_data). In another example, it is possible to analyze the first data with respect to a

database, and to obain the second data from the first data according to the results of the
analysis, By way of example, it is possible (i} to store a library of one of more
spectramial, (if} to compare a measured region-specific spectrum{a) to the library-stored
spectrum, and to (iii) retrieve one o more spectrumn{a) from the library according to the
results of the comparing.

One particular example relates to computing a ‘representative spectrum’ that
represents a plurality of measured region-specific spectra. In this particular example, it is
possible to store a Hbrary of spectra where each spectrum characterizes a different
respective hair shade - cach of the measured region-specific spectra is compared to the
spectra of the libraries to determine common features. According to this partcular
example, the hibrary-residing spectra having the most common features is designaied as
the ‘representative spectrum’ that is representative of the plurality of measured region-
specific spedira,

When first and second data-objects {e.g. spectra or colorimetric data) are
‘compired’ to each other, they are either directly compared, or indirectly compared (e.g.
the first and second data-objects may both be directly compared to a third data-object).

An ‘initial spectrum’ relates {0 a spectram before a hair-treatment.

An inter-shaft  heterogeneity hair parameter, also referred to as a  Chair
heterogeneity parameter, relates to color-property vardations (or lack thereof) between
individoal hair shafts. One example of a hair beterogeneity parameter’ is the information
that a hair sample is Matural gray haiv’ or formerly natural gray hair' or 'neither gray hair
nor formerly natural gray bair.' Another example of a hair heterngeneity parameter is the
fact that a particular hair-sample is a mixtore of 25% black hadr (e, a particular shade of

biacky and 75% white hair.
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In different embodiments, a device (e.g. a 'measurement device' for optically
acguiring data - for example, to detect one or more spectra and/or to detect colorimetric
data) may be said to "define an object plane” and/or to "define an image plane.”

When a device 'defines’ an ‘image plane,” the image plane location is, definition, a

5  location of the planar arvay of photodetectors

When a device ‘defines an object plane,' by definition, all of the following features
are provided : A, the device comprises ‘optics” and a planar array of photodetectors; B.
light is received by the planar array of photodetectors and converted into electrical
signals - e.g. the colorimetric data and/or spectrafum) may be read, or derived, from the

14 elecinical signals C. before reaching the photodetectors, the light is processed by optics en
rouete 1o the photodetectors. The optics define a relationship between an object plane and
an image plane.

By definition, the image plane is co-planar with the photodetectors of the planar

array of photodetectors. Since the plenar array of photodetectors specifies the location of

oot
tn

the image plane, and since the optics specifies the relationship between the hmaze plane
and the object plane, a device ix said to "define an object plane.”
FIG. 1 is a block diagram of a system for preparing a customized hair-coloring
composition in accordance with micasured optical properties of the user's hair. FIGS, 2
and 3 respectively illustrate example dispenser and hair-reader devices -~ e.g. useful in the
200 system of FIG, 1. FIG. 4 is a flow-chart of a routine for preparing a hair-coloring
composition - for example, using the system of FIG. 1,

FIGS. 5-27 velate to methods and apparatus for optically acquiring data {e.g.
spectral data) from keratinous fiber(s). For example, a plurality of spectra of the
Keratinous fiber(s) raay be detected such that each spectrum corresponds to (1) a different

25 respective portion of the keratinous fiber(s} and/or (1) material within a different sub-
region of space within which at least a portion of the keratinows fiber(s) are disposed.

A Discussion of FIGS. 1-4

FIG. 1 is a block diagram of a system for (i} optically measuring one or

propertics (e.g. spectra o colorimetric daty) of bair and, (1) i accordance with the

3
—
-

opticafly-measured  properties, dispensing material from containers o provide a

customnized hajr-coloving composition. For example, 2 user desires to color hisfher hatr
£ !
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to a target shade. An optical measurement of the user's "initial hair” is performed, and a
hair-coloring composition, customized according to the fnitial state of the user's hair as
well as the hair-coloring target is prepared.

[Mustrated in FIG. 1 are hair reader 3110, system controller 31290, and dispenser
device 3130. In the non-limiting example of FIG. 1, system controiler 3120 includes
dispensing decision engine 3146 which includes recipe-search engine 3150, prediction
engine 3168 and recipe-scoring engine 3170,

Hair reader 3118 optically acquires optical data from hair ~ for example by
Hlumicating the hair and detecting light reflected by and/or transmitted by and/or
deflected by the hair. System controller 3120 (e.g. comprising a digital compter)
receives botlr the optical data and halr target data (e.g. describing a target shade desired
the wser}). In accordance with the received data, the system controlier 3120 computes
{e.g. dispensing decision engine 3148) using a customized recipe for the hair-coloring
composition - ¢.g. including respective quantities of a plarality of different materials
stored in dispenser 31310,

The dispenser proceeds to dispense the materials (e.g. inte 2 mixing vessel -
NOT SHOWN in FIG. 1) for the hair-coloring composition. These materials may be
automatically or manually mixed to foun a customized hair-coloring composition, which
i3 applied to the user's hair.

fo various examples, the hair-reader 3130 may be or include any one or more {i.¢e.
any combination} of the following: a camera or any other imaging device, a spectrometer
{e.g. including "color-dispersion opties), a spectrograph, a hyperspectral imaging device.
In differens examples, a reflection and/or absorption and/or transmission spectrum may
be measured.

One oon-limiting example of a dispenser 3130 of hair-coloring agents is
ilfustrated in FIG. 2. In this non-limiting example, a phaality of containers 180A-180Q
are engaged to dispenser 3130, such that each container contains therein different
respective material related to hair-coloring, Dispenser 3130 dispenses a combination of
these matetial into a mixing vessel (NOT SHOWN) - e.g. located in port 182,

In the example of FIG. 1, system controller 31208 includes dispensing decision

engine 3140 which computes (a) preferred recipe(s) for dispensing material for the hair-
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coloring composition. Towards this end, a number of candidate recipes may be
considered, selected from a relatively 'large’ number of possibilities by receipt-search
engine 3150 (For each candidate recipe, the predicted outcome of treating the user's hair
according to the candidate recipe may be compuled by prediction engine 3160 and scored
by scoring engine 3170, For example, scoring engine 3170 may compare the predicted
outcome with the hair-target data describing the shade desired by the nser.

In one example, one or more of 31490, 3130, 3160, and/or 3170 is implemented as
software stored in volatile or non-volatile memory).

FIGS. 3A-3B illustrate a non-lmiting example of a hairreader 31190 in
gccordance with some embodiments, Hair-reader 3110 includes a housing 804 (e.o.
opaque) and a window 808, In FIG. 3B, a plurality of keratinous fibers 812 are
substantially aligned along an alignment axis which corresponds to the 'y axis.

FIG. 415 a flow-chart of a non-limiting example of a technique for hair-coloring
for example, using the system of FIG. 1. . 1o step S104, user-target data is received and
stored (e.g. in volatle and/or non-volatife computer-readable storage). Typically, the
user-target data relates to a selected shade or eolor - e.g. a user desires to color hisfher
hair to the selected shade or color. In step SHOS, characteristic of a user's hair are
measured - e.g. using at least a hair-reader device (e.g. for wmeasuring at least one hair-
reflection vatue or for measuring a hair-reflection-spectrum(a)) such as that ilustrated in
FIGS. 2 or 4 or that disclosed in PCT/ABZ012/051351 or any related hair-reader device.
as discussed below. These characteristics may be electronically analyzed in step 8109,
According to the technique of FIG, 4, it is possible to compute a ‘customized' hair-
treatment that is specific to (i) an initial pre-treatment state of the user's hair (e.g. as
measured in step 108 and analyzed in step 8109) and (ii) the user-target data.

The term 'user-target’ typically includes to a target color shade - e.g. expressible
as a value in color-space such as Hunter Lab color space or any other color space. In
addition to a target color shade, user-target data may also include some other desired
characteristic of any proposed hair-treatment - e.g. a treatment of roots-only' as opposed
o ‘entive-hair-shafl,’ & maximum freatiment time, ste.

A plurality of hypothetical or ‘candidate’ hair-treatment protocols may be

analyzed and considered. A ‘hair-treatment’ may vefer 1o any one oft (A) content of a

PCT/IB2015/000724
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hair-coloring conmposition {or more than one hair-coloring composition which may be
applied sequentially or simultaneously - for example, a dye-containing composition and a
bleaching composition} to be applied to the hatr and/or (B) other treatment paramsters -
e.g. treatment durations, treatment terperature. Computing or specifying a ‘hair-
treatment’ may include specifying at least absohute or relative quantides or "leads’ (i.e.
expressed w1 molar terms, or as weights, or a volumes, or in any other manner known in
the art) of one or more hair-coloring agents of a hair-coloring compaosition {e.g. a 'multi-
agent’ composition). The term ‘hair-coloring agent’ may include an artificial colorani/dye,
an oxidizer, an alkalizer or an other substance used in the art for temporary, semi-
permanent, demi-permanent or permanent hair-coloring. A hais-coloring agent may be in
any phase or form, inchuding but wot limited to liquid, gel, mouse, cresm, solid, powder,
tablet, or any other form known in the art. Optionally, a hair-treatment’ also includes
data relating 1o treatment time, treatment emperature, multi-stage treatments or any other
parameter of treatment. For example, a hair-treatment may entail production of muliiple
distinct combinations of hair-coloring agents - e.g. & coloring mixture and a bleaching
mixture which are applied in different stages.

For the present disclosure, the term ‘hypothetical’ and ‘candidate’ are used
wmterchangeably and refer to possible treatments that may or may not be actualized.

Typically., the specific characteristics of each user’s hair is guite mbividual (e
Y L

based upon his/her genotype, age, environmental effects ete.) and the number of potential
target shades or colors may also be relatively large. Becawse of the myriad possible
combinations of initial and target hair characteristics, the number of possible
candidate/hypothetical hair-treatment protocols may be extrersely large, and it is not
always known a priesi which hair-treatment protocols are predicted to be effective {or
most effective) to transform hair from s indtial state o a state matching the target data
received in step S101.

As such, it may be necessary to electronically analyze multiple hypothetical hair
treatments to identify a treatment (or set of more than one hypothetical hair-treatments)
which suceessfolly ransforms the initial hair to 4 target color.

This is done in steps S113 and 8117, Thus, in step 8113, a post-protocol state for

the hair 15 predicted for the hair-characteristics measwred n step S108 and a specific

PCT/IB2015/000724
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candidate hair-treatment.  In step S117, & is electronically determined if this post-
protoce] state matches the speciticutions of the user target-data,

The term ‘hair-color treatment’ is not restricted to introducing colorants (e.z.
agtificiul colorants} into the hair (e, ‘coloring’) but roay also include hair-bleaching.

In one non-limiting example, (1) in step S103 one or more initial reflection
spectuni(a) are measwed, (1) in step S113 a hypothetical posi-treaunent reflection
spectrum 1s computed from the initial reflection spectrum and specitics of a candidate
hair-treatment protocol, and a color valee {e.g. an LAB value) is computed from the
hypothetical post-treatment reflection spectruny; and (1) in step 8117 this initdal-hair-
specific and candidate-protocol-specific LAB value is compared to an LAB value
associated with the user-target data received in step SHOL

In different embodiments, it is possible to measuwre a reflection spectrum, a
transmission spectrum, a spectrum of deflected light, and an absorption spectrum.

In step 8121, a protocol that matches the user targei-data is selected. Optionally,
for example, if more than one candidate protocol matches the user target-data, these
candidate protocols may be analyzed and/or scored, and a more preferred matching hair-
coloring protoco] may be selected accardingly.

In step S128, according fo the selected hair-coloring protocol, respective
quantities of hair-coloring agent, for a plurality of hair-coloring agents, are each
dispensed according to a specifics of the hair-coloring protocol selected in step S121.

One non-limiting example of a dispenser of hair-coloring agents is illostrated in
FIG. 2. In this non-limiting example, different respective hair-coloring agents are
disposed in each container of a plurality of eontalners 1B8A-180Q. In response to the
results of step 8124, for at least 2 or at least 3 or at feast 4 or at least 5 or at least any
number of hair-coloring agents, respective guantities of gach hair-coloring agent are
dispensed mto a vessel (not shown) located in port 192,

In some embodiments, the dispenser is avtomatic and ionclades electronic
circuitry for regulating quantities of hair-coloring agents that are dispensed.

For the preseat disclosure. a dispensing a plurality of hair-coloring agents
according to the results of some sort of computational and/or electronic operation(s) {e. g

a predicting of a post-hypothetical-hypothetical-hair-treatment spectrum (e.g. reflection

o
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spectrum) or & color value derived therefrom) refers to one or more of two situations: (1}
a sityation whereby electronic cireaitry automatically controls a dispensing device (the
skiled-artisan is directed o PCT/IBIOIZ/51351 {acorporated hersin by reference)
and/or (i) a situation whereby hair-coloring instructions counputed from an electronic
predicting is compunicated to @ human user {e.g, visually via a comnputer screen or in any
other manner). The hair-coloring instructions may refate to velative quantities of hair-
coloring agents and the human user follows the instruction to, for example, dispense hait-
coloring agent(s) according to the quanuties specified by the computer-provided
imstructions, The container for a chemisal agent may have any form factor {e.g. rigid contairer,
tube, etc) and may either may mounted to a dispenser device as ilfustrated in FIG. 2 or may be a
free' or unmovinted contuiner,

Ouce these agents are dispensed into the vessel, one or mere steps may,
optionally, be performed to transtorm the contents of the vessel (not shown) into a hair-
coloring mixture, which may then be applied to the user's hair to color the hair.

For the present disclosures, the terms ' input keratinous fiber(s)' andd 'initial hair'
arc used nterchangeably -~ both refers to keratinous fibers(s) {c.g. hair) which is
subjected to oue or wmeasurements (e.g. optical measurements andfor reflection
measerements - for example, to measure a hair-reflection spectrum(a)} for the purpose of
predicting a final state of one or more hypothetical bair-treatments.

The skilled artisan will appreciate that not every step of FIG. 4 is required in
every embodiment, the order of steps of FIG. 4 is not limiting -- the steps may be
performed a different order, additional steps may be performed, and one or more steps
may be modified.

A Discussion of FIGS, 3-8

FIG. 5 is a flow-chart of method for predicting post-treatment spectra according
to measured region-specific spectra. FIG. § is explained with reference to FIGS. 6-7.

In step 5201, a phurality of region-specific spectra are measured as follows - for
each given region Region, of a plurality of regions { Region;, Region; | ... Regiony) (N is
A positive integer having a value of a least 27 7 is a positive integer having a value
between 1 and ), a region-specific spectram SPEC({Region; ) for hair-material disposed

within the given region Regiosn; is measured,
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FIG. 6A is a close-up of the portion of FIG. 38 where the hair-shafts are disposed.
FIG. 6A relates to one type of natural-gray hair. In the example of FIG. 64, five hair-
shafts BI2ZA-BI12E are illusirated -- shafts 8128 and B12E are natural-black hair shafts
{i.e. by virtue of a presence of natuval hair pigments thereinjand shafts 8124, 812C and
812D are natural-white hair shalts substantially free of melanin.

FIG. 6B is a cross-section view of the same {ive bair-shafis. In the example of
FIG. 6B, illumination is “from below” -- tha block-arrows of FIG. 6B that are labeled
with an f ithestrate this ilumination, Light reflected back "down"” from the bair shaft is
collected by a detector. In this example, the region-dependant specira are geverated on
the basis of the reflected Hght, Also Hustrated in FIG. 6B is object plane 826, defined by
optics of the detector (NOT SHOWN}. As shown in FIG. 0B, object plane 820 passes
through the hair-shafts.

FIG. 6C tlustrates a cross section of the same five hair-shafts 812A-812F in the
x-y plane - e.g. in object plane 828,

The intersection between a 'region of space’ {i.e. in 3-dimensions, having finite
dimensions) and object plane is a portion or 'area of the plane.’ By wave of example,
when an infinite plane passes through a solid sphere, the intersection is the locus of poiats
within a spectrum. Thus, the intersection between a ‘region of space’ and a plane {c.g. an
object plane) is referred to either as 3 ‘shice of the objeet plane’ or a 7 region:object-plane
intersection-area’.

The term " regionobject-plane Intersection-area” refors to the area of object plane
820 contained given region. When an object plane ‘passes through' a plurality of regions,
the object plane and the regions define a plurality of region:objeci-plane intersection
areas.”

As will be discussed below {see Fl5. 163, the infersection between a region of
space and an area may alse be obtalned by subjecting the region of space to a
perpendicular projection. Thus, in some embodiments, a ‘regionobject-plane intersection
of a region 18 syhonymous with & perpendicular projection of the region.

FIG. 7A ilustrated a portion of the planar-region of FIG. 6A -- in the x-direction,
FIG. 7A is restricted to the povtion of the x-axis between xy and xs and 1§ restricted o the

portion of the y-axis between y; and vs.

PCT/IB2015/000724
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by one example related to FIGS. 6A-6B, it is possible to define 228 regions of
space (all shaped as rectangular prisms) as follows: (A) all reglons are bound in the z-
direction by z; and z2; (B} Region; of space is bound by x; and x; {i.e. in the x-direction)
and bound by y; and y; (1.e. in the y-direction}; Region; of space 1s bound by & and xy
5 e in the x-cirection) and bound by v, and w (Le. in the y-direction); ... Region;» of
space is bound by xy; and xy;3 (e, in the r-direction) and bound by y; and y; (fe. in the -
direction); Regiony, of space is bound by &; and x: (1.e. in the x-direction) and bound by
yo and y;{i.e. n the y-diregtion); ... Regionagof space is bound by xpp and x5 (J.e. in the
x-direction) and bound by vy and yop (1e. In the v-divection),
10 Due to space constraints, these regions are not explicitly labeled as such in FIG.
6C. As poted above, FIG. 7A illustrates a portion of the planar-region of FIG. 6C. In
FIG. 7B, an intersection between object-plane 820 and some of the 228 regions are
tabeled.
The locations in FIG. 7B correspond to those of FIG. 7A, In particular, FIG. 7B
15 relates to the tollowing regions-of-space Region,, Region;; , Regionzs | Regionsy ;
Regiona, Reglony , Regions; | Regionaz o Regiona, Regiornys , Regionyy | Reglonze |
Regiond;, Regiosys , Regionas , Regiongs
Because these regions-of-space are three-dirmnensional, and because FIG. 7B is a
two-dimensional figure, what is illustrated in FIG. 7B 18 not, in fact, each entire region,
20 but rather & 'stice’ of each regiom - le. an intersection between sach region and a plane
passing {e.g. object-plane B2{) through all of the regions. These regions are labelled
"object-plane slice’ of the regoin - 1 this context, the termy ‘slice’ is synonymous with
‘region:object-plane intersection areas.’ - thus, what is ilustrated in FIG. 7B are 16 such
intersection-areas’ describing a respective intersection between each of 16 regions and a
23 plane {e.g. object-plane 820) passing through all of the regions.
The “object-plane-slice of region' illustrates in FIG. 7B are all, in fact,
perpendicular projections of the region o the object-plane §20.
The regions of the object plane, itlustrated i FIG. 7B (i actually, wwo- -
dimensional ‘slices’ or 'intersection areas’ are illustrated), are all ‘single-shaft’ with
30 respect to white shaft 812A - Region;, Region;; . Regionss and Regionyz - for all of

these regions, thelr respective spectra Spec{Region)), SpeciRegions), SpeciRegionzs),
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and Spec{Regionyy) are genervated primarily from light reflected from one of the natural-
white haw shafts (1.e. shaft 812A). Similarly, the intersection of all of the regions with
the object plane includes only locations where white-shaft-material is located.

The following regions of the object plane, ilusteated in FIG. 7B . are all of which
are ‘single-shaft’ with respect to black shaft 8128 - Regiony, Regions , Regionss and
Regiong. - for all of these regions, their respective spectra  Spec(Regimy),
Spec{Region;s), Spec{Regionsg), and Spec{Regiong) we generated primarily from light
reflected from one of the natural-black hair shafts (Le. shaft 812B).  Similarly, the
mtersection of all of the regions with the object plane includes only locations where
black-shaft-material is located.

Reference is made, once again, to FIG.S. In step 201, a set of region-specific
spectra {Spec(Region;y, Spec(Regions), ... Spec(Regiony)} are generated.

Based upoun these regiom-specific spectra, it is possible to designate and/or
compute “initial spectra” in step §205. The term 'sample partial’ in step 8205 relates to
the fact that the spectra is representative of only a portion of the sample, and not of the
sample as a whole. Steps §205-813 are now explained in terms of two non-limiting
examples.

First example related to step S208-8213 - Tt may be decided that since the

intersection of Region; and the object-plane 820 oaly includes locations within a white
shafl 8124, that Spec(Region;) is representative of white-hair-shaft spectra. Alternatively
or additionally, it may be decided that sinee Spec{Region,) is generated primarily from
light scattered by white hair-shaft (i.e. shaft 812A), that Spec(Region;) is representative
of white-hair-shaft specira.

It may be decided that since the intersection of Regiony and the object-plane §20
only includes locations within a white shaft, that Spec{Regiony) is representative of black-
hair-shaft spectva 812B. Alternatively or additionally, it may be decided that since
Spec(Regiony) 1s generated primarily from light scatted by 2 black hair-shaft (Le. shaft
8128, that Spec{Region,) is representative of black-hair-shaft spectra.

In this "fist” example. in step 8209 & wansformation of Spec{Region;) after
subjecting the hair-sample to a hai-coloring treatment is predicted -~ the result is

TREATMENT TRANSFORMED(Spec(Regiong)). This may be performed using any
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method known in the art, including bul not Bmited to techniques disclosed in US
710,117 and PCT/AB2012/051351, both of which are incorporated by reference in their
entirety. For example, (1) inttial concentration{s) of one or more natural pigments within
the hair-shalt may be computed from SpeciRegion;} , (i) an infhience a bleaching upon
5 npateral pigments {(l.e. having the computed imitial concentration(s)) andfor a final
concentration of artificial colorants way be computed according to the particulars of the
hair-coloring process and (8i) TREATMENT TRANSFORMED Spec{Region)) may be
computed according to the final predicted concentration of natural and artificial colormnts
within hair shafts that are initially natural-white (Le. as represented by Spec(Region))).
10 Tn this "first" example, SpeciRegiony) is representative of the natural-black hair
shaft spectrum. Thus, in this first example, in step 85213 a transformation of
Spec{Regiony} after subjecting the hair-sample to a hatr-coloring treatment is predicted --
the result is TREATMENT_TRANSFORMED Spec(Regions}),

Thus, the figst example’ relates to the case where the first and second nitial

1)

spectra correspond to first and second region-specific spectra.

Second example related to step S208-S213 - In this example, an initial spectra
representative the 'white hair shafts’ {i.e. which is subsequenily transformed in step §209)
is defined in step 5205 according to the average of the following regirm-specific spectra
{all of which are generated primarily by Hght scattered from natoral-white hair shafis
20 and/or generated from matter within a region of space whose intersection with the object
plane 826 ouly includes locations within a white shaft) -- Spec(Region),
Spec{Region;s),  Spec{Regionss),  and Spec{Region;y). Thus, the first initial spectrum,
according  to  this second example, 18 AVG(SpeciRegion;), Spec{Reuwions},
Spec{Regionzs), Spec{Kegion;»)).

25 Thus, in this "second” example, the fisst spectrum is 'derived from' a plurality of
region-specific spectra - Le. to be representative of white shafts,

In this example, an initial spectra representative the 'black hair shafts’ (1.e. which

s subsequenily transformed in step S213) is defined in step 5208 according to the

average of the following region-specific spectra {all of which are generated primarily by

Wl hight seattered from natural-black hair shatts and/or generated from matter within a region

of space whose intersection with the object plane 826 only includes focations within a
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black shafty - SpecfBegions), SpeciRegions), Spec(Regions).  and SpeciRevionin).
/ 8 fFeCiiey J i g 4 £ 8 {
Thus, the first initial spectrum, according to this second example, 18 AVG{Speci{Region.)

Spec{Regiongs), SpectRegionz), SpecfRegionag)).
The sample-representative predicted spectra (Le. computed in step 5217) may be
5 used in any manner and for any purpose. In some embodiments, the method inclodes
step 8221 where the predicted spectra is wsed to compute a hair-coloring treatment and/or
dispense jogredients therefor.
Reference 18 now made to FIG. § which may be compared to FIG. 6B. In the
example of FIG, 6B, a single row of hair-shafts 1s iHlustrated. In the example of FIG. &, an
10 upper row of hair-shafts 812F-812K is shown in addition to the lower row of hair-shafts
812A-B12E. When illuminated from below, scattering (in this reflection} is performed
primarily but not exclusively by the lower row 813A-812E of hair-shafts which are the
‘front row’ relative 1o the ilhumination.
Before discussing FIG. 9, an additional group of terms are now defined.
i5 A plurality of regions { Region;, Regions , ... Regiony] defines @ set of “region-
pairs" as the set of all pairs { Region;, Region, } where j.k both positive integers between
Pand V and j&k]
A “volume ratio” between two regions Regiony, Regiony is (1) 1 if they have the

same volume or (i) otherwise, is the ratio between the volume of the farger region to the

s
o

voluine of the smaller region.

For two overlapping regions Region;, Regiong (Le. & 'pair’ of regions that overlap)
where j.& both positive integers between | and N and  j#k, the combined region is the
union Regiony U Regiom . The overlap fraction is the overlapping regions is the ratio

between: (3} a volume of the overlapping portion of the region of the regiou-pair - ie. a

)
L

volume of Region; ™ Regiong  and (1) a volume of the combined region Region;
Region,

For an object plane OF and a plurality of regions Region; the region:object-plane
intersection area of region Region; is the portion of the object plane OF contained within

Region; . Unless specified otherwise, the term ‘futersection area’ fatersection_Area refers

()
—
aie)

to a region:object-plane intersection area. FIG 7B relates to the intersection of 16 regions

with an object-plane and iHustrates 16 portions of the object-plane - all of these portions
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{referred to as ‘slices of the region’ } of the intersection plane are region:object-plane
intersection areas ot 'intersection areas.”

For an object plane OF and a plurality of regions {Region;, Reginny , ... Regiony
}. the plurality of regions defines a plurality of region-object-plane intersection arcas as
follows: for a region:object-plane infersection-area, the ‘size’ is the ‘area’ and is given in
dimension of length® - e.g. mm’, or microns’

A size rativ” between two region:object-plane intersection-areas (i.e. a pair of the
intersection-areas) is (1} 1 if the cach of the intersection-areas has the sane size; or (i) the
ratic berween the larger of the intersection-areas and the smaller of the intersection-areas,

For two overlapping regions [ntersection_areq;, Intersectivn_Areq; defining
where j & both positive integers between 1 and N and j2k, the combined area is the union
Intersection_Area; ) Intersection_Arem, . The overlap fraction is the overlapping
intersection-areas (i.e. of & 'pair of intersection-areas'} is the ratio between: (i} a size of
the overlapping portion the intersection-area-pair -- i.e. a size of Intersectinn_A re; O
Region, and (i3) a size of the combined region Intersection_Area; o Intersection_Areqy

Discussion of FIG. 9

Reference is now made to FIG. 9. In step §251, a plurality of region-specific
colorimetric measurements are performed - e.g. to acquire, for each region, LAB data or
RGB data or any other colorimetric data in the art. In step 8258, first and second sample-
partial colorimetric data are defined. The ‘sample partial’ colorimetric dam is
representative of only a portion of the sample, and not of the sample as a whole.

The first and second colorimetric data are respectively transformed in step 8259
and 8263. In step 5267, sample-representative colorimetric data is computed from the
fiest and second sample-partial predicted post-treatment colorimetric data.

The sample-representative predicted colorimetric data (i.e. computed in step
5217} may be used in any manmer and for any purpose. In some embodiments, the
method includes step 8261 where the predicted spectra is used to compute a hair-coloring
treatment and/for dispense ingredients therefore.

A Discussion of FIGS, 10A-10B

FIG, 10A is a flow chart is a technique for predicting 3 result of a hair-color

modifying treatment, according to some embodiments.
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In step S301, a determination i made if the hair-sample s a shaft-colos-
inhomogeneous mixture of hair {e.g. natural-gray hair) ov not. If not, then in step 8308, it
1s possible to operate in a hair-homogeneous nmode 308, This determination may be made
In any manner -~ in one example, @ hair-stylist or other expert user may manually inpug

5 data. Aliernatively or additionally, optically-acquired data of a sample of hair may be
analyzed o make the determination. For example, pixel data of a camera-acquired image
of the hair may be compared to each other. In another example and as discussed below,
sub-region-specitic data for multiple sub-regions may be compared to each other.

In step 8309, hair-shafls and/or regions thereol are classified secording to hair

10 shaft color-type. For example, natural-gray hair comprising white shafts and black shafts
may be treated with a ved dye to create formerly natural-gray hair comprising (i} Hght-red
hair shafts (i.e. first color type) and (it) dark-ved hair shafts (i.e. second golor type),

in one non-limiting example related to automatically detecting of hair type, it is
possible to form clusters (see FIG. 10B) - e.g. in LAB space or according to any other

15 colorrelated property. In the non-limiting example of FIG. [0B, each shaft iss
represented by a ditferent point. In the example of FIG. 10B, it may be concluded that
regions RI, R2, R5 and RS arc assoctated with a first cluster {e.g. natural-white hait) and
R3, B4, R7 and R6 are associated with a second cluster {e.2. natural black hair),

Ihscussion of FIGS. 11-12

20 FIG. 11 a close-up of substantially-aligned hair shafts on window 808 of hair-
reading device -- window 808 includes a ransparent surface 820 (e.g. of glass or plastic)
and a support framne 816 for supporting transparent surface 828 on housing 804,
FIG. 12A-12B illustrate a phuvality of keratinous fibers on a window of a spectral
hair-reader 3119, FIG. 12A is a cross-section view while FIG. 12B is a side view. An
25 iHlumination source 118 illustrates keratinous {ibers, and light (e.g primarily light of
diffusive reflections) therefrom passes through slit or aperture 120, Additonal
components of the system of FIG. 12A are illustrated in FIGS. 13A-13B, discussed
below,
FIG. 13Ais an non-limiting example of an apparates for measuring a plurality of
30 spectra of hair-shafts, each spectnim corresponding to a different respective sub-region in

which a different respective set of hair-shafts {or portions thereof) are disposed. One
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salient feature of FIG. 134 s the presence of two imaging system 1080 and 1670, cach of
which comprises a different respective set of optical component(s).

In one non-limitng example, iltustrated in FIG. 13B, detector 189 comprises an
array {e.g. two-dimensional - for example, planar array) of photodetector -~ in the

5 example of FIG. 12, this is an 8X3 array, though any other section of dimensions (e.g.
comprising at least 2 rows and at least 2 columns) may be used. For example, a CCD or
CMOS array may be employed.

In some embodiments, imaging system 1080 is operative to focus light teflected

and/or deflected and/ov trapsmitted from hair-shafts 812 before this reflected andfor
10 deflected and/or transmitted light passes through slit or aperture 120 so that (i) the haie-

shafts 812 are located in an object-plane and (i) slit or aperture 120 is located in an

image plane. In this non-limiting embodiment, the image located at ‘image' plane is an

intermediate image.” The ‘intermediate fmage’ {e.g. at sl or aperture 120) may be an

only-1D-focused-image -~ for example, a focused in a dimension perpendicular to hair-
15 alignment axis 812 -- for example, along the x-axis (see 992 of FIG. &).

In some embodiments, imaging systemn 1079 is operative to focus light reflected
adfor deflected and/or transmitted from the hair-shatts after passing through slit 126 so
that the haie slit 120 (or another "intermediate’ location where the intermediate image) is
in an object plane and photodetectors 18¢ (¢.g. a planar two-dimensional array thereot -

20 e.g. aCCD or CMOS array) are in an tmage plane 180 -- thus, photodetectors 180 receive
an image of shit 28 on which an image of hair-shafts 812 is present -~ an 'image of an
tmage.’

Alternatively, instead of a two-dimensional array of photodetectors (i.e. a 'starting’

systemu}, a scaining system may be employed - e.g. to achieve the effect of detecting a

i~
L

two-dimensional image at a focal plane of timaging system 1076,

The image is not required to be focated exactly on stit or aperture 120, In and may
be located on any location another intermediate location along the optical path between

Also illustrated in FIG. 13A s grating 150, Alternatively, & prism may be used.

In another example, it is possible to detect reflection spectrum(a) andfor
30 absorption spectrum(a) and/or transmission specineam(s) using photodetector  that have

wavelength and/or 'color’ (i.e. in the visible range or any other spectrum) sensitivity.,
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Stmilarly, there is no requirement of a slit or elongated apertuwve -~ other optical
componeni(s] (e.g. lens(es)) may be configured to provids this fanctionality,
Thus, some embodiments relate to any device (e.g. monochromator device)

configured to measure spectral data (e.g. a reflection, absorption or transmission

L

spectrumn) of the keratinous fiber(s),

As ilustrated in the non-limiting example of FIG. 13B, (i3 Row A of the 2D-array
of photodatectors 180 is used to detect spectral data of keratinous fiber{s) within sub-
region 8B4BA; (i) Row B of the 2D-array of photodetectors 180 is used to detect spectral
data of keratinous fiber(s) within sub-region B408; (i) Row C of the 2D-array of
1} photodetectors 180 is used to detect spectral data of keratinous fiber(s) within sub-region
B40C, Examples of such spectrum are illustrated in the right-hand columy of FIG. 13B.

A Discussions of FIGS, 14-16

When light is processed by optics of FIGS. 13A-13B, one or more (ie. any
combination of) Feature A and/or Feature B and/or Feature C may be provided.

15 Reference is now made to FIG. 14A. FIG. 14A illustrates 3 paralle! lines in the
object plane Linesy, Linep and Lineg, and 3 object lines in the image plane Liney:, Liney
and Linec. Lines i3 a ‘corresponding line' relative to Liney . Linep isa ‘corresponding
ling' relative to Liney, and so on (Le. the A line and the A’ line are corresponding, the B
fine and the B’ line are corresponding, and so on).

20 Feature A - along each given line of a set of parallel Hnes in the image plane, only
fight from a corresponding line of 2 set of parallel lines in the object plane reaches the
given line in the image plane.

In the example of FIG. 144, the light is processed {c.g. by the system of FIGS.
13A-13B) so that only light from Liney reaches Liney , only light from Lineg reaches

25 Lineg, and so on. Thas, no light from Lineg reaches Lingy .

However, it is noted the light from multiple points along a line in the object-plane
may reach a since point o the image-plane. Referring to FIG. 14B, it is noted that lght
from all of points 9824, 984A and 986A may reach point 992A. Light from all of points
982A, 984A and 986A may reach point 9928, Light from all of points 9828, 984B and

30 9868 may reach point 992RB,
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Feature B - for each given point along each given line of the set of parallel lines in
the mmage plane, light of only a single wavelength from multiple locations along the
corresponding line in the ohject plane reaches the given point of the given line,

Thus, referring to FIG. 15A, light of wavelength A; from a variety of locations

3 along line A reaches the single point 9924 - coly light of & single wavelength A, reaches
point 992A,

Reterring 10 FIG, 15B, light of wavelength 4; from a varjety of locations along
line A reaches the single point 994A - only light of a single wavelength A; reaches point
B92A,

10 Stmitarly, FIGS. 16A-16B relate to lines B and B'.

Feature € - In some embodiments, along a line of the image plane, the wavelength
of light from the object plane monotonically increases - thus, a wavelength of light
received at point 9948 would exceed the wavelength of light received at point 9924, a
wavelength of light received at point 994C would exceed the wavelength of light

15 received at point 992B, and so on --in moving in a single direction {i.e. down) the light
wavelength monotonically increases.

Dhscussion of FIG, 160

As aresult of the optics, the of each ‘region’ may be relatively long and thin, Thus,
when each region of space is projected into the object plame, a respective 'projected
200 rvegiow' is form. As shown in FIG. 16C, these object-plane-projected regions may he long
and thin - e.g. having an aspect ratio of at least 3, and defining elongate axes (i.¢. along
the length of cach object-plane-projectad-region) that are all aligned with each other.
In FIG. 16, the object-plane-projected regions are informally referred to as 'siices’
of the object plane. The length of each slice is shown by 828 and the width is shown by
35 the widths of 81BA-818J - the object aspect ratio is the length the length 828 and the
widths, and the elongate axis 1s along the y axis,
Thus, the elongate axis of slice A 8184 is along the v axis, the elongate axis of
slice B 8188 is along the v axis, and so on.

Thus, in PIG. 16T, the area which along the v axis are between locations 822A

Ld
]
=

and 8228 and along the x axis within the 'sfice A' 818A" is a first elongated area of the

object-plane -- the 'elongate axis' of this first elongated area is along the v axis, and an
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aspect ratie of this elongated area is clearly at least 5 or at least 10, This first elongated
area 13 entirely within white shaft 812A. This first elongated avea is formed by the
perpendicular projection of a three-dimensional region (e.g. for which a spectrum is
measured} into the object-plane.

Similagly, a second elongate area is formed by Slice B 818B, a third clongate
vegion is formed by Shice C BI8C. All of these clongated areas are formed by
respectively projecting a respective region of space into the object-plane. Al of these
clongated areas have an 'elongate axis’ (Le. along the fonger length) that is along the ¥
axis,

Discussion of FIGS., 17A-178

In some embodiments, hair may be optically probed {e.g. to acquire spectral
andfor reflection data thereof) In-situ. In this case, the hair-reader may be oviented in a
generally ‘downward' oriestation where the user's hair is 'below' {i.e. in terms of
height/aktitude’) window 808. This is illustrated in FIGS. 17B-178 where hair at 'larget
site A' is pptically probed.

Discussion of FIGS. 18-27

As illustrated in FIG. 18, (i) Row A of the 2D-array of photodetectors 188 is used
to record speciroscopic data of keratinous fiber(s) within slice 8404; (i) Row B of the
2D-array of photodetactors 180 15 used o record spectroscopic data of keratinous fiber(s)
within slice 840B; (i1} Row C of the 2D-array of photodetectors 180 is used to record
spectroscopic data of keratinous fiber(s) within slice 840C. Examples of such spectrum
are Jlustrated in the right-hand column of FIG. 12,

FIG. 19 is a flow chart of & technique for computing a hair-coloring recipe andfor
for dispensing hair-coloring agents. In step 8301, a plurality of reflection spectra are
measured, each spectrum corresponding to a different respective slice - ey a firs
speetrun that is specific to hair shafi(s) within slice 840A, a second spectrum that is
specific to hair shati{s) within slice 8408, and a third spectrum that is specific to hair
shaft(s) within slice 840C.

In step S3U9, the slice-specific spectra are compared with each other, and a
parameter descriptive of similarity of multiple spectra roay be computed. For examiple, i

the spectra are relatively simifar to each other, a recipe 8313 may be provided for



10

20

30

WO 2015/166340

5

‘homogenous grey'. Alternatively, if the spectra are less similar to 2ach other, a recipe
specitic to a heterogeneous mixture of hair may be provided. Hair-coloring agents may be
dispensed according to the computed hair-coloring recipes.

FIG. 20A illustrates a scalp reflection -- e.g. a reflection spectra of skin on & user's
scalp.  FiG. 20BB illustrates the Yidentifying featwres' of a scalp reflection spectrum
mcluding points where an Nth derivative (N is positive integer) are zero in the [500 nm,
580 nm] portion of the spectrum. Thas, in the example of FIG. 20B, local maxima 380,
local minima 388, and inflection points 384 are Hlusirated.

In some embodiments, it is possible to analyze a spectrum{a) (e.g. reflection
spectrin} of a user's hair (e.z. measured in step $105) to determine, in fact, the data
thereol is entirely due to a user's hair, or if, in fact, there is any scalp-related contribution
{and g magnitude thercof).

In some embodiments, it is possible to focus in on 'recognition features’ that
provide distinguishing power between hair-spectrum{a) and scalp spectrum(a). FIG. 208
relates to somie recognition features.'

I some embodiments, when analyzing a measurement spectrum(a) to determine a
relative magnitude of a contribution due to scalp, it 13 possible o assign exira weight
and/or predictive power for oue or more 'recognition featires' including but not limited
tor (1) a presence or absence of critical points andfor inflection points andfor points
where higher-order derivatives are zero {(or any other valuel,  {ii} a number of such
points in g portion of the spectrum  (iii) a distance between such points; {iv) a value of a
slope (or higher-order derivative) in a portion of the spectrum {e.g. a downward slope 392
- ¢.g. monotopically downward between aboutr 820 nm and about 860 nm or other
features or combinations thereof,

Thes, wt FIG. 21, it is possible to measure o correlation between measurement
spectral data and oue or more scalp recognition features.’ (step 209).

Sealp-spectrum data may be pre-stored in computer storage {e.g. volatile and/or
volatile storage). The scalp-spectrum data may be universal, population-specitic (2.5,
race-specitic), and/or user-specific - e.g. in FIG. 26 it is possible (target site C) to

explicitly measure speetral data of a user's scalps.

PCT/IB2015/000724
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There are a pumber of possible responses to the scalp-spectrumy correlasion
measurement of step S209. In one example (FIG. 22), it is possible to generate an alert
signal (e.g. audio alert, visual alert, email alent, ete) contingent gpon & measurement
spectrumia) exhibiting similarity beyond a threshold value. Alternatively or additionally
(FIG. 19), the similarity between a measurement spectia and one or more features of a
scalp may be used to correct measurement data to remove sealp-related noise,

In FIG. 24, scalp-refated noise nmay be removed in step 8251,

It is not always clear a-priori how much influence scalp has upon a user-
measurement, and thus it is not always clear s-priovt what 'magnitude’ or ‘coefticient’ of a
scalp spectnum or portion thereof {e.g, pre-stored) may be applied 1o the scalp spectrum
when subiracting off scalp-spectrum data (in step S281) from measurement data. This
problem is addeessed in FIGS. 23A-26B.

FIG. 27 relates to the situation where a plorality of spectra of measwed - e.g.
using any technigue disclosed herein (see, e.g. FIGS. 5-13). In this case, for each of the
spectra it is possible o measure a respective strength of correlation, and when computing
an initial hair-color value (e.g in LAB space), to use the spectra having the least amount
of 'scalp noise' therein.

in the deseription and claims of the present application, each of the verbs,
"comprise” “fnclude” and “have", and conjugates thereof, are used to indicate that the
object or objects of the verb are not necessarily a complete lsting of members,
components, elements or parts of the subject or subjects of the verb.

Al references cited herein are incorpovated by reference in their entirety. Citation
of a reference does not constitute an admission that the reference iy prior art.

The articles "a" and "an” are used herein to refer 1o one or 1o more than one. {i.e.,
to at least one) of the grammatical object of the anticle, By way of example, “an element™
means one element or move than one element,

The term "incloding” Is used herein to mean, and is used interchangeably with, the
phrase "including but not luuited” to.

The term "or” is used herein to mean, and is used interchangeably with, the term

"and/or,” unless context clemrly indicates otherwise,

PCT/IB2015/000724
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The term “such as” is used besein to mean, and i+ used interchangeably, with the
phrase “such as but not limited o,

Having thus described the forsgoing exemplary embodiments it will be apparent
to those skilled in the art that various equivalents, alterations, modifications, and
iroprovements thereof are possible without departing from the scope aud spirit of the
claims #s hereafter recited.  In particular, different embodiments may  inclode
combinations of features other than those described herein. Accordingly. the claims are

not limited to the foregoing discussion.
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WHAT IS CLAIMED IS:
LA method of predicting a result of a hair-color-modifying treatiment on a sampie of
hair, the method comprising:
a. for each given region of a plurality of distinet regions, respectively measuring a
region-specific spectrum of respective material of the hair-sample respectively
disposed within the given region; and
b. computing first and second predicted post-treatment spectya tespectively from
first and second initial spectra by respectively predicting a transformation of the
first and second initial spectra following subjecting the sample of hair to the hair-
color-modifying treatment, the first and second initial spectra be ng distinet and
(4) derived from the plurality of measured region-specific spectra and/or (i)
corresponding to first and second of the measured region-specific specira,
2. The method of claim | wherein:
i. the hair-sample is a sample of nawral-gray hair that is a mixtsre of natural white
shafts and natwral-pigment-containing shafts;
i, each measured region-specific spectrum of a first set of the measured region-
specific spectra is generated primarily by light scatiered from natmral white
shaft{s);
iil, each measured region-specific spectrum of a second set of the measured
region-specific spectra is generated primarily by light scattered from natural-
pigmens-containing shaft(s);
1v. the first and second initial spectea are respectively representasive of the first
and second set of spectra and are respectively derived therafrom.
3. The method of claim | wherein
i .the hair-sample is a smnple of formerly natural-gray hair that:
{A) was formerly mixture of natural white shafts and natural-pigment-
containing shafts: and
(B} is presently a mixture of shafts of first and second color-types that are
respectively derived from the natural white and the natural-pigmented-

containing shafts;
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. each measured region-specific spectrum of a first set of the measured region-
specific spectra is generated primarily by Hght scattered from shaft(s) of the first
color-tvpe;
iil. each measured region-specific spectrum of a second sef of the measured
region-specific spectra is generated petinarily by lght scattered from shafi(s) of
the second color-type; and
iv. the first angd second initial spectra are respectively representative of the first
and second set of spectra and are respectively derived therefrom.
4, The method of any preceding claim, forther comprising:
computing from the first and second post-treatment specira, a predicted sample-
represeftatve post-lreatment spectram representing the predicted speetrum for the
entire sample of hair after subjecting 1o the hair-color-modifying teatment.
5. The method of claim 4 wherein (i) the predicted sample-representative post-treatment
spectrum  is further computed in accordance with a hair-shaft colos-heterogensity
parameter of the hair-sample and/or (1) multiple region-specific spectra are compared to
each other, and the predicted sample-representative post-treatment spectrunt is computed
according to the results of the comparing of the region-specific spectra.
6. The method of any one of claims 4-5 wherein the hair-shaft color-heterogeneity
parameter describes relative fractions of natoral white shafts and natural-pigmented shafts
within a sample of natural gray hair,
7. The method of any one of clavms 4-6, wherein a different predicted sample-
Tepresentative posi-treatment spectrum s respectively computed for each candidate hair-
color-modifying treatment of a plurality of candidate hair-color-modifying treatments,
and wherein a recommended hair-color-modifying treatment s obtained upon comparing
predictions for each of the candidate hair-color-moditying treatments.
8. The method of any one of claims 4-7, further comprising computing & combination of
ingredients for a hair-coloring composition i accordance with the sample-representative
post-treatment spectrum, and dispensing the computed combination of ingredients.
8. The method of any of preceding claim, wherein step (h) is performed respectively for
each candidate hair-color-modifving treatment of a phuality of candidate hair-color-

modifying treatinents, and wherein a recommendad hair-color-modifying treatment is
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obtained upon comparing predictions for each of the candidate hair-color-modifying
treatments.
10. The method of any preceding claumn, further comprising computing in a combination
of ingredients for a hair-coloring composition in accovdance with the predicted post-
freatment spectra computed in step (h).
11. The method of any of preceding claim wherein the measured spectra are reflection
spectra orf fransmission spectra.
12, The method of any one of claims 1-11 wherein the measuring of the spectra is
performed by a spectral imaging device.
13. The method of any one of claims 1-11 wherein the messuring of the spectra includes
passing light reflected andfor deflected andfor transmitted by hair(s) of the sample
through a prism ot & grating.
14, The method of any preceding claim wherein each measured spectrum inchides at least
one reading in the {200 nm, 400 nm] range.
15, The method of any preceding claim whergin each measured spectrum includes at least
one reading m the {600 + N¥50 nm, 1000 nm] range, wherein N is an integer having a
value of at least 1 or at least 2 or at least 3 or at least 4 or at least 5.
16. The method of any preceding claim whergin each measurement spectrum includes at
ieast one reading in all of the following ranges: {400 nm, 500 nm1[S00 nm 600 nm],[600
mn, 700 nm}[700 nm, 800 nmi}.
L&, The method of any preceding claim wherein:
i. each region-specific spectram measurement iz performed by a measurement
device defining an object plane;
it the sample hair is disposed so that the object plane passes through each of the
regions;
i. the perpendicular projection of each region into the object plane vields a
respective elongated area of the object-plane defining an elongate axis:
iv. each elongated area defined by the projection of a respective region into the
object plane has a respective aspect ratio equal to at least 5 or at least 1 and/or a
respective width of each elongated area of the object plane is at miost 100 mikcrons

orat muost S8 microns orat most 23 microns or wost 13 microns; and
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v. all of the elongated axes are aligned with cach other.

19. A method of predicting a result of a hair-color-modifying treatment on a sample of

bair, the method comprisiag:
a. for cach given region of a plurality of distinet regions, respectively performing
a region-spectiic colorimetric measurement of respective material of the hair-
sample disposed within the given region to respectively acquire colorimetric
measurement data specitic to material respectively disposed in the given region:
b. compating first and second predicted post-treatment colovimetric data
respectively from first and second initial colorimetric data by respectively
predicting a transformation of the first and second initial colorimetric data
following subjecting the sample of hair 10 the hair-color-modifying treatment, the
first and second nitial colorimetric data being distinct and (i) derived from the
plurality of regiomespecific  colorimetric  measurement  data  andlor (i)
corresponding to first and second of the region-specific colorimetric data,

20. The methed of claim 19 wherein:
L the bair-sample is & sample of natural-gray hair that is 2 mixture of natural white
shalts and natral-pigment-containing shafls;
ii. each colorimetric measurement of a first set of the colorimetric measurements
is geverated primarily by Hght scattered from natural white shafi(s);
iii. each colorimetric measurement of a second set of the colorimetric
measurements is generated primarily by lght scattered from natural-pigment-
containing shafi{sy;
iv. the first initial colovimetric data is representaiive of the colorimetric
measarement data scquired by measurements of the fisst set of colovimetric
measurements; and
v. the second initial colormetric data is representative of the colorimetric
measurement data acquired by measurements of the second set of colorimetric
measurements,

21, The methed of claim 19 wherein:

1. . the hair-sample 15 a sample of formerly natural-gray hair that:
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{A) was formerly mixtwe of natural white shafts and natual-pigment-
containing shafts; and
{B} is presently a mixture of shalts of first and second color-types that are
respectively derived from the natural white and the natural-pigmented-
containing shafts;
il. each colorimetric measurement of a first set of the colovimetric measurements
is generated primarily by light scattered fron shaft(s) of the first caloe-type;
ii. each colorimeiric measorement of a second set of the colorimetric
measurements 1s generated primarily by light seattered from shaft{s) of the scond
color-type,
tv. the first initial colorimetric data is representative of the colorimetric
measurement data acquired by measurements of the first set of colorimetric
measuremeants; and
v. the second initial colorimenic data is representative of the colorimeiric
measurement data acquired by measurements of the second set of colarimetric
measurements;
18. The method of any of claims 19-21 wherein:
1. euch region-specific colorimeter measurement is performed by a measurement
device defining an object plane;
ii. the sample hair is disposed 50 that the object plane passes through each of the
regions;
iii. the perpendicular projection of each region into the ebject plane vields g
respective elongated area of the object-plane defining an elongate axis;
iv. each elongated area defined by the projection of a respective region into the
olyject plane has a respective aspect ratio equal to at least 5 or at least 10 and/or
respective width of each elongated area of the object plane is at most 100 microns
or af most S0 microns ov at most 25 microns or most 13 microns; and
v. all of the elongated axes are aligned with each other,
23, The method of claim 22, performed on a sample of bair-shafts that are aligned with
gach other to define an hair-alighment-axis, the bair-alignment axis being aligned with

each of the elongate axes of the region-ohject-plane intersection areas,
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24, The method of any of claims 19-23, further comprising:
computing from the first and second post-treatment colorimetric data, a predicted
sample-representative post-treatment colorimetric data represeniing the predicted
colorimetric data for the entire sample of hair after subjecting to the hair-colos
modifying treaiment.
25. The method of claim 24 wherein (i) the predicted sample-representative post-
treatment colorimetric data 1s further computed in accordance with a hair-shaft color-
heterogeneity parameter of the hair-sample andfor (i) multiple region-specific
colorimetric data are compared to sach other, and the predicted sample-representative
posi-treatment coforimetric data is computed according to the results of the comparing of
the region-specific colortmetric data,
26. The method of any one of claims 24-25 wherein the hair-shalt color-heterogeneity
parameter describes relative tractions of natural white shafts and natural-pigmented shafts
within a sample of natural gray hair,
27, The method of any one of claims 24-26, wherein a different predicted sample-
representative  post-treatment  colorimetnrie data is respectively compated for each
candidate hair-color-modifying treatment of a plurality of candidate hair-color-modifying
treatments, and wherein a recommended hair-color-modifying treatment is obtained wpon
comparing predictions for each of the candidate hair-color-medifying reatments.
28. The method of any one of claims 24.27, further comprising computing a combination
of ingredients for a hair-coloring composidon in accordance with the sample-
representative  post-treatment  colorimetric  data, and  dispensing  the  compated
combination of ingredients,
29, The method of any of claims 19-28 wherein the region-specific colorimetric data is
LAR data or RBG data
30. The method of any of claims 1-18 wherein:
i, ecach of the region-specific spectrum measurcments is performed by s
measurement device defining object and image planes;
i, each of the region-specific spectra is generated by light which is optically

processed so that:
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A. along each given line of a set of parallel lines in the image plane, only
light from a corresponding line of a set of paraliel fines in the object plane
reaches the given line in the image plane; and/or
B. for each given point along each given line of the set of paralle! lines in
the image plane, light of only a single wavelength from multiple locations
along the corresponding line in the object plane reaches the given poiut of
the given ling; and/or
C. along each given line of the set of parallel lines in the image plane, the
wavelength of light received from the object plane monotonically
nereases.,
31. The method of any of claims 19-29 wherein, for each of the region-specific
colorimetric measurements is based upon lght processed by optics defining an objeet
plane and an bwage plane such that i, along cach given line of a set of paraliel lines in the
image plane, only light from a corresponding line of a set of paralle} lines in the ohject
plane reaches the given line in the image plane; and/or it. for each given point alony gach
given line of the set of paraliel lines in the image plane, light of only a single wavelength
from multiple locations along the corresponding line in the object plane reaches the given
point of the given line; and/or ii1. along each given line of the set of paraliel lines in the
image plane, the wavelength of light reeeived frem the object plane monotonically
increases,
32, A method of optically acquiring data from a sample of hair by 2 measurerent device
defining object and image planes, the method comprising:
a. disposing the hair sample so that the object plane passes through the sample of
hair; and
b. optically processing light reflected and/or deflected andfor transmitted by hair
of the sample of that, upon reaching the image plane:
1. alomg each given line of a sel of parallel Tines in the mage plane, only
light from a corresponding lue of a set of parallel lines in the object plane
reaches the given line in the image plane;
ii. for each given point along each given line of the set of paralle! lines in

the image plane, light of only a single wavelength from multiple locations
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along the corvesponding Hine in the object plane reaches the given point of
the given ling; and
iit. along each given line of the set of paralle! lines in the image plane, the
wavelength of light rveceived from the object plane monotonically
incraHses.
33, The methed of claim 32, wherein the processed light is received by an array of
photodetectors o detect one or more spectrum{a) the sample of hair or of a portion
thereot,
34, The method of any of clanms 32-33 performed to measure spectra as follows: for each
given region of a plurality of regions, a respective region-specific spectrum of respective
material of the hair-sample respeetively disposed within the given region is measured.
35. The method of claim 34 wherein:
i. the sample hair is disposed so that the object plane passes through cach of the
regions;
il. the perpendicular projection of each region into the object plang yields a
respective elongated area of the object-plane defining aun elongate axis;
iii. each elongated area defined by the projection of a respective region into the
object plane has a respective aspect ratio equal to at least 5 or at least 10 and/or a
respective width of each elongated area of the object plane is at most 100 microns
or at most 30 microns or at most 23 niicrons or most 13 microns; and
iv. all of the elongated axes are aligned with each other,
36. The method of claim 35, performed on a sample of hair-shafts that ave aligned with
each other to define an hair-alignment-axis, the hair-alignment axis being aligned with
each of the elongate axes of the elongated areas,
37. A method of optically acquiring data from a sample of hair by a measurement device
defining object and image planes, the method comprising:
tor sach given region of a plurality of regions, respectively measering a region-
specific spectrum of respective material of the hair-sample respectively disposed
within the given region, whereii:
1. the sumple hair is disposed so that the object plane passes through

each of the regions;
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it. the perpendicular projection of each region into the object plane
vields a respective clongated area of the object-plane defining an
elongate axis;
iii. sach elongated area defined by the projection of a respective region
inte the object plane has 2 respective aspect ratio equal o at least 5 or at
least 10 and/or @ respective width of each elongated area of the objec
plane is at most 100 microns or at most SO microns or at most 25
microns or most 135 microns; and
iv. all of the elongated axes are aligned with each other.
38. The method of claim 37 wherein the measurements arg performed when hair shafts of
the sample of hair are aligned with each other to define a hair-shalt alignment s that is
aligned with ali of the elongate axes of the elongated avea of the object planes.
39. The method of any of claims 37-38, performed such that s thickness of each
elongated area of the object plane s at most 100 microns or at most 50 microns.
40). The method of any of claims 37-39 wherein the spectrum are generated by light
which is (1) reflected and/or deflected and/or transmitted by hair of the sample and (i)
subseguently optically processed so that, upon reaching the image plane:
1. along each given line of a set of parallel lines in the image plane, only
light from a corresponding line of a set of parallel lines in the object plane
reaches the given line in the bmage plane; aud
ii. for each given point along each given line of the set of paraliel lines in
the image plane, light of only a single wavelength from multiple locations
along the corresponding line in the object plane reaches the given point of
the given line; and
iit. along each given line of the set of parallel lines in the image plane, the
wavelength of light received from the object plane monolonically
icreases.
41. The method of any of clatms 1-40 wherein lght for the measarement of the region-
dependent spectra s processed by color-dispersion optics, aud the spectrum is generated

by the color-dispersion-aptics-processed light
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42. The method of any of claims 32-41 performed on a sample of gray hair, or on s
sample of formerdy gray hair,
43, The method of any of claims 32-42  performed so the method further comprises
measuring, obtaining or computing a hair heterogeneity parameter and computing a hair-
coloring teatment and/or dispensing ingredients for a  hair-coloring composition
according to the results of the hair heterogeneity parameter.
44 The method of any of claims 32-43 further comprising (1) directly or indirectly
comparing first and second of the region-specific spectra and () computing a hair-
coloring treatment and/or dispensing ingredients for a hair-coloring composition
according to the results of the comparing.
45. The method of any of claims 32-44 further cownprising (i) detecting locations of hair-
shaft boundaries and (#) compuwting a hair-coloring treatment and/or dispensing
ingredients for a hair-coloring composition according to the results of the detecting of the
hair-shaft boundaries.
46. A method of computing a spectral data velated to a plurality of keratinous fiber(s), the
method comprising:
a. illunnnating keratinows fiber{s) on a user's head:
b. detecting light from the illuminated fibers to one acquire user spectral
measurenent-data;
¢. computing a scalp-spectrune-similarity-parameter by measuring an extent of a
correlfation between (i) the user-spectral-measurement-data and (1) one or more
portions of a scalp spectrum and
¢. contingent upon a similarity exceeding a threshold, generating an alert signal.
47, A method of computing a reflection spectrum related 0 a plurality of keratinous
fiber{s)}, the method comprising:
a. subjecting keratinous fiber(s) on a user's head to oie or more spectral
mweasuremenis to acquire user-spectral-data;
b. analyzing the user-spectral-data to determine a compute a likelihood that the
user-spectral data i3 indicative of scalp-spectrum(a) rather than hair-spactrum(a);
and

¢. contingent upon the results of the determining, generating an alert signal,
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48. A method comprising:
a. subjecting keratinous fiber(s) on a subject's head to one or more spectral
measurenments (0 acquire subject-spectral-data;
b. subtracting a function of a scalp spectral data from the user-spectral data o
obtain scalp-noise-reduced speciral data of keratinous fiber{s) on the user's head:
an
¢. computing & hair-coloring recipe or dispensing hair-coloring agents in
accovdance with the sealp-noise-reduced spectral data; and
49. The method of claim 18 wherein the scalp-spectral data is acquired from & person
other than the user.
50. The method of claim 48 wherein the scalp-spectral data is acquired by subjecting a
different section of the subject's head to a spectral measurement,
51 A method of reducing scalp-related noise in kervatinous fiber spectroscopic data, the
method comprising;
a. disposing keratinous fibers of a subject so that a different portion of the fibes(s)
is respectively located 1n a different sub-region of a region of space divided into a
plurality of sub-regions;
b. for each sub-region of the plurality, respectively scquiring spectroscopic data
specific to the respective material disposed within the sub-region; and
¢. computing. from output of the photodetectors from the incident light, a pluvality
of sub-region-specific reflection spectra that each reflection spectrum of the
plurality respectively corresponds to different of the sub-regions:
c. analyzing edach respective spectrum to deterning a respective scalp-spectrum-
similarity parameter;
d. for a first and a second of the sub-region-specific reflection spectra, each
having a differenl respective non-zero  scalp-spectrum-similarity  parameter,
computing a function of the first and second sub-region-specific reflection speetra
to generate 2 third spectrom having a scalp-spectra-similarity parameter that is
less than both that of the first and second sub-region-specific spectra.

52. A method of acquiring optical data from keratinous fiber(s), the method comprising;
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a. disposing keratinous fibers of a subject so that a different portion of the fiber(s)
is respectively located in a different sub-region of a region of space divided into a
plurality of sub-regions;

b. for each sub-region of the plurality, respectively acquiring spectroscopic data
spevific to the respective material disposed within the sub-region; and

c. corpputing, from cutput of the photodetectors from the incident Hght, a pluralisy
of sub-region-specific reflection spectra that each reflection spectrum of the
plurality respectively corresponds to different of the sub-regions;

¢. analyzing each respective spectrum t{) determine a respective scalp-spectrum-
similarity parameter;

d. for a first and a second of the sub-region-specific reflection spectra, each
having a different respective non-zere scalp-spectrume-similarily parameter,
computing a function of the furst and second sub-region-specific reflection spectra
o generate a third specirum having a scalp-spectra-similarity psrameter that is
less than both that of the first and second sub-region-specific spectra.

33. A method of acquiring optical data from keratinous fiber(s), the method comprising:
a. disposing keratinous fibers of a subject so that a different portion of the fiber(s)
18 respectively located in a different sub-region of a region of space divided into a
plorality of sub-regions;

b. for each sub-region of the plurality, respectively acquiring spectroscopic data
specific wo the respective material disposed within the sub-region; and

¢. computing, from output of the photodetectors from the incident light, & plurality
of sub-region-specific reflection spectra that each reflection spectrum of the
plurality respectively corresponds to different of the sub-regions:

¢. analyzing each respective spectrum to determine a respective scalp-spectrum-
similarity parameter;

d. in accordance with the vesults of the analysis, ranking the sub-region-specific
reflection spectra; and

¢. estimating an initial color of the keratinous fiber(s) by assigning a greater
weight to the sub-region-specific-retlection ranked to have a lower scalp-

spectrum-similanity parameter, and
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f. in acceordance with the estimated initial color and a target color, computing a

hair-coloring recipe and/or dispensing ingredieats of hair-coloring recipe.

54, The method of any preceding claim performed by ilhuminating the hair andfor by

using ambient light.

55. Apparatus for predicting a result of a hair-color-modifying treatment on a sarple of

hair, the apparatus comprising:
a. a spectrum-peasuring device configured to measure a plurality of spectra as
tollows: for each given region of a plurality of distinet regions, respectively
measuring a region-specific spectrum of respective material of the hair-sample
respectively disposed within the given region: and
b.. elecironic cireuitry configured to compute first aud second predicted post-
treatment spectra respectively from first and second initial spectra by respectively
predicting a transformation of the first and second initial spectra following
subjecting the sample of hair to the hair-color-modifying treatment, the first and
second initial spectra being distinct and (i) devived from the plorality of measured
region-specific spectra andfor (i) corresponding to first and second of the
measured region-specific specira.

56. The apparatus of claim 55 wherein the spectrum measuring device includes by color-

dispersion optics.

37. The apparatus of claim 35 wherein the spectrum measuring device includes a

hypetspectral device,

38. Apparatus for predicting a result of a hair-color-modifying treatment on a sample of

hair, the apparatus comprising:
a. colorimetric-data measuring device configured to measure a colorimetde data
as follows: for exch given region of a plurality of distinet regions, respectively
performing a region-specific colorimetric measurement of respective waterial of
the hair-sample disposed within the given region o respectively  acquirs
colorimetric measurersent data specific to material respectively disposed in the

civen region;
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b. electromic circuitry configured to compute first and second predicted post-
treatiment colovimetric data respectively from fiest and second initial colommetric
data by respectively predicting a transformation of the first and second initial
colorimetric data following subjecting the sample of hair to the hair-color-
modifying treatment, the first and second initial colorimetric data being distingt
and (i) derived from the plurality of region-specific colorimetric measurement
data andfor (i) corresponding to first and second of the region-specific
colorimetric data.

39. The apparatus of any of clanms claim 55-58 wherein the electronic circuitry includes

any combination of software, hardware and firmware.

60. Apparatus for optically acquiring data from a sample of hair comprising:
a rueasurement device comprising optics and a planar array of photodetectors, the
optics and the planar array defining object and image planes, the optics
configured, when the sample of hair is disposed so the object plane passes through
the sample of hair, to optically process light reflected and/or deflected and/or
transmuitted by hair of the sample of that, upon reaching the image plane: L along
each given line of a set of parallel lines in the image plane, only light from a
corresponding line of a set of parallel lines in the object plane reaches the given
line in the image plage; ii. for cach given point along each given line of the set of
paraiiel lines in the image plane, light of only a single wavelength from multiple
locations along the comresponding line in the object plane reaches the given point
of the given line; and iii. along cach given line of the set of parallel lines in the
image plane, the wavelength of light received from the object plane
monotonically increases.

61. The apparatus of any of claims 535-6(:
i. configured to receive, measure, detect, compute and/or obtain a hair
heterogeneity parameter; and
ii. configured to compute & hair-coloring treatment andfor configured to dispense
mgredients for a hair-coloring composition in accordance with both {A) the
optically acquired data andfor the measured spectrumia) and/or the measured

colorimetric data and (B) the hair heterogeneity parameter.
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62, The apparatus of any of claims 35-61:
i. configured to deteet hair-shaft boundaries; and
ii. configured to compute a hair-celoring treatrent and/or configured to dispense
mgredients for a hair-coloring composition in accordance with both (A) the
optically acquired data andior the measured spectrum(a) and/or the measured
ccdorimetric data and {B) the hair shaft boundaries.

63, The apparatus of any of claims 55-62;
1, configured to directly or indirectly compare measured specira;
it. configured to compute a hair-coloring treatment andfor configured to dispense
ingredients for a hair-coloring composition in accordance with the resolts of the
comparing.

64, A method of computing a reflection spectrum related to a plurality of keratinous

fiber(s), the method comprising:
a. subjecting keratinous fiber(s) on a user's head to one or more spectral
measurements (o acquire user-spectral-data;
b. amalyzing the user-spectral-data to determine a presence or a extent of a
presence of one or more scalp-speetrum recogmition feature(s) within the user-
spectral-data; and

¢. contingent upon the results of the determining, generating an alert signal,

&
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