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WO 2006/090363 PCT/IL2006/000210 1 HAIR COLORING SYSTEM
FIELD AND BACKGROUND OF THE INVENTION The present invention
relates to hair coloring and, in particular, it concerns determining a hair
Webtspofeattdent for hair including previously dyed 5 hair. ByRivaiiigpue/ot6zio
introduction, different hair samples rdact differently to the process of
bleaching and dyeing due to, amongst other factors, the different
chemical pigment structpsgrofihg bamas;welashe condition of the hair
to be treated. The prior art includes many methods which try to predict
final hair 10 color in order to minimize error and increase customer
satisfaction with the hair color products. Of relevance to the present
FIREMIOIND 8 RSO EMBASE T 1osSeotte iregiatent to Scott describes
a method whereby the customer chooses a color from a database that is
the closest match to his or her own hair color. The 15 customer then
chooséba gesicad fimadmalor frdatethécd dtmibaselofing cardputerpthigoular, it
suggests a treatment hased on the manufacturer instructions. A.
R T LAt A a ey A ik e S i gy dved
lggtermine by visual comparison, the closest match to his or her own hair
color. _A further shortcoming of the aforementioned system is that the
cystertis BB RO HE Do AHEATS: IS B8 Ra G SR tnfhe
pisdied sslentiomhils inkialdaiheolnis t)eintinpat HakéroridteACeRYH figent

individual's hair color. Also of relevance tQ the Eresent invention is U.S.

(srRife BIBIsH0 SIaR i HaliRf e EiL 48 RS tredidatpEdisrmEHRRE
putahesto ﬁﬁ%&ea&@ thQub %aﬁz{gﬁ%mad\méht@@d@ eplonflamantair

swatches, which are related to a 25 known hair dye, to see how the initial

R CBIGF IS R CBIBETEFAISE PafttdyE SR GTHSHMIGG B rackionai dnthsriudr
ag@e!gg(j&}@gt the system is not accurate. A

Of relevance to the present invention is U.S. Patent 4,434,467 to Scott.

The patent to Scott describes a method whereby the customer chooses a color
from a database that is the closest match io his or her own hair color. The
customer then chooses a desired final color from the database. The computer
then suggests a f{reatment based on the manufacturer instructions. A
shoricoming of the aforementioned system is that the customer has to
determine by visual comparison, the closest maich to his or her own hair color.
A further shortcoming of the aforementioned system is that the system is
limited to hair treatments, which are based upon a fized and limited seiection of
initial hair colors, thereby not faking inte account the individual’s hair color.
Also of relevance to the present invention 15 U.S. Patent No. 5,609,4825
to Hawiuk. Hawuik feaches the use of color filament swatches to recreate the
initial hair color and then to add color filament swatches, which are related to a
known hair dye, to see how the initial hair color is affected by the hair dye. A
shortcoming of the aforementioned system is that the system is not accurate. A
further shortcoming of the aforementioned system is that determining the initial

color involves a high degree of estimation. An additional shortcoming of the
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further shortcoming of the aforementioned system is that determining the
initial color involves a high degree of estimation. An additional
shortcoming of the WO 2006/090363 PCT/1L2006/000210 2
WEkereieR¥éned system is that this system does not addres$ bléherfingigrLo
the initial hair color. Of most relevanée to the present invention is U.S.
Patent Nos. 6,067,504, 6,157,445, 6,308,088, 6,314,372 and 6,330,341

AeoMachalaRe, 8l8lmSiT ReseRRtaptsHisayss adp %mgsmg&ﬁ{%% of the

includes obtaining a reflectance spectrum from a sample of hair. T
BdHidakeodpthe Hunter L, a and. b color coordinates of the reflectance

sbectyyh Ghie BAIEARRPEAGISRATAARIN B CRIRET ThE YRl
hair color is then classified by the computer according to arange o

@O6fiSihts.of éidolP 88 01tinads4storednd 6. iokbpltablast a0umseet cl.
e e G R B R . R e

computer then determines the appropriate hair sedu
wédinrdatmens angrkoinbaiio Jupcadiédenth e fnitiabiaikecdlos and heolor

ired final ~hair calor. A shortcoming of the aforementioned system is
R Sty Se‘.’ﬁagagégﬁéhﬂ R o 5 AR 0G0
avtepfitsinttha iange idit belossiblrezoldsssiTiadraiotte hamgiasesied s

treat td t accuratel]y reflect the ysers initial hair cqlor. A further
QIR 5 %s?r%%%?%ﬁéﬁ{?oﬁ%l&rﬁ%ﬁt&#{@%éﬁ@d&&d@ﬁ%t&bia A

usarinignasiesoatihe hal s atmenilnokupmiable oiee Wesoasysst AHAREE .

ﬁﬁgeriments. For example, for each hair dye, experiments are needed for

REBBYEH fsRifer Mt R APREIBF IR dedaRcotnsat furrd sndoeradhatr
RSO RirERI SN AN R AR SNBHIELRR IO HERUP A4S Yoo N esired final

6,707,929 to Marapane, et al. Marapane, et al. teaches calculating final
heisiodBord AR qBiiRe esthe afsaprEm) st Haicny iasing teqbatioiil hair
i daing dhenelationshin REWeSR KIS IS Red Al §21%:0 a range of

coordinates and the treated hair
possible colors. Therefore, the suggested hair treaiment does not accurately

reflect the users initial hair color. A further shortcoming of the aforementioned
~system is that the creation and maintenance of the hair treatment lookup table
requires a vast number of experiments. For example, for each hair dye,
experiments are needed for all the possible initial and final hair colors that can
be achieved for that dye.

Also of relevance to the present invention is U.S. Patent No. 6,707,929
to Marapane, et al. Marapane, et al. teaches calculating final color coordinates
(such as L, a, b or RGB) of hair by using equations which define the
relationship between the untreated hair color coordinates and the treated hair
color coordinates for a particular dve. This method overcomes some of the
shortcomings of the MacFarfane, et al. patents. Nevertheless, all the above
methods (including Marapane, et al.) use a color coordinate system, such as L,
a, b, or RGB. Color coordinates can be misieading in certain cases. For
example, two samples of hair, which look substantially the same to the human
eye may have the same L, a, b color coordinate values even though they have

different spectra of reflectance, and therefore, different concentrations of
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the shortcomings of the MacFarlane, et al. patents. Nevertheless, all the
above methods (including Marapane, et al.) use a color coordinate

WRAMYShEh as L, a, b, or RGB. C(r)éor coordinates can be ¥hisEaHING H

mples of hair, which look substantially
the same to the human 30 eye may have the same L, a, b color
conpdinate VEbteseveidhauoiatiey broml Hifferanisieactiotd ebesian s

%pd herefor ,diff%réant conceptrations of WO 2006/090363
EThL 3060621 SEEURe eSS A RIShE Rt SpBIBHY Rl 2

isemplaisildsegotorgdandte dyavibridayavetbe SaMBLAUe hair samples,
??g% r%inates as_another hair sample, say, a brown hair colored with a cR/e

SR bR LTRIrE FrflRpenet maRCkImpIaY, alasrnssindheifferantor very
SRl AN SRRGUM A3 GNE Al A1e SAPR OLXE VR BIMIRLERI0T o f the

coordjnates especially as the cuticles and white envelope of the hair also
heBhiAbiteRtrBn detdheersPeetings. prswavar; thlosarves.hilie teatmdnir
@hpligdiashase ieiksacpleslaenerats dIEIRN SRabheR e 9s, dufors

to different Initial concentrations of eac their components. Therefore,

certain cases. For example, two sa

dimphdB b e coacentelivsoofdinclesiohethepuglonansrdihatefore,

q tQ.SpUrious . reover, none of the abovementioned
mgéﬁods(l’%%j%ﬁ?&%jgb%rgtsﬁlég%n%&r%tr%?%%tggsg e?s{g on the CHamRé&Fs may
lprdgertivriobhaisilixing hair dyes is used widely at hair salons in order to
help customer obt%in a (%Esireéj%hair coi_lort t a sjngle hair dye cannot
give. None of 15 TRe aS6vEm e AtOHEATHENSHs HraaRdts fRofisl Eiforcslor
thaitmkat {5 coley édssitfon thixtbsenafdyedrerierediaisidyes without the
need tg.perform.experiments on specific combinatjions of dyes. In other
words, %Lﬂ’?e g%s VeIt oS r‘ﬁé‘ﬁ%ﬁé'dé“'re‘a"dﬁegﬁaﬁ?idﬁ Pregetgulninye

cobtifferestiairsamples mitheaua hAGSFRIR NS @Rl ding anprdelr
ch mixture separately. Therefore,

for ea
the a%ovementmned methods predicts the final color of hair that is colored with

a mixture of two or more hair dyes without the need to perform experiments on
specific combinations of dyes. In other words, all the above mentioned
methods require coloring a large quantity of different hair samples with every
possible mixture and building a model for each mixture separately. Therefore,
it is not feasible with the prior art to cover all possible color mixtures in order
to provide a global solution to this problem.

Also, the prior art methods do not effectively address coloring
previously dyed hair.

There is therefore a need for a hair color determination system and
method fqr accurately determining a suitable hair color treatment for all types
of harr including natural hair as well as previously dyed and/or bleached hair

and including using a mixture of two or more dyes.
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20 it is not feasible with the prior art to cover all possible color mixtures in
order to provide a global solution to this problem. Also, the prior art
methods do not effectively address goloring previously dyed hair. There is
therefore a need for a hair color determination system and 25 method for
accurately determining a suitable hair color treatment for all types of hair
including natural hair as well as previously dyed and/or bleached. hair
UMNMadoadl Jdife AN lwo or more dyes. 4 SUMMARY OF THE
INVENTION Embodiments of the present invention seek to provide a hair
color. determination system and method of operation thereof, According t
= fr G BGBLEPBT e reBENPIRVEPHIR {HRHETS Brobided oS Kisierbiby color
defdeteHMIAG: DaiE GOMIRBIMRNG FCBRARINGHRBEFCessor configured for:
(i) receiving as input an initial spectrum of a sample of hair, the initial
specheffirHEngnt sviEve esiahl rahdes (esaruiatingzonelvapastpmoveded a

sy si & hair due et%a}xg}(ﬁ)otheﬂ]cal hair colar treatment as a direct function of

e initial specfrum,nsgaid Sair c%?o?rtreg%lei}ﬁﬂcom%?%lr%rgisénfcﬁ‘st faif coter™"
coitifgatmeniol O assacintac with firsti elative sancantiation amandissthair, the
spectrum or a first spectral change function, and a second color treatment

iyl SPRAEHT IR RRE oM ek craﬁg@hﬁ.ié}ia%l,caﬂﬂﬁa%écaﬁﬁ SPeEtFum of
theOh&Air SEEORY SPEHAHRRAIS: fUNGHAR (heARIGIMINAtARLOMPISIAG of the

spectral multiplication and apportioning of the first and second spectra or
inithe $pstanthsecshblaspectral ichatmyznfurctions ibs actordiag: tocthe fissttment

and second relative concentrations; and.(iii) outputtiag data to adeviqe,Lr
e St U oA SOt SOy BT AR B ALRbr G TS 3. Rrchepes
spdeatiirehah therpresent inventiondhe i tittieMded R SREEHHIR a second

analyzer configured for producing the initial spectrum. According to a

relflifte PABSRITEBTIARe PREsENBRSOBALGACEHANA i©BIgosecond spectral change

function, the determination comprising spectral multiplication and apportioning

of the first and second spectra or the first and second spectral change functions
according to the first and second relative concentrations; and (iii) outputting
data to a device, the data being based upon the step of calculating.

“According to a further feature of the present invention, there is also
provided a spectrum analyzer configured for producing the initial spectrum.

According to a further feature of the present invention, there is also
provided a display device configured for displaying a color based on the data.

According to a further feature of the present invention, there is also
provided a display device configured for displaying hair color treatment
instructions based on the data.

According to a further feature of the present invention, there is also
provided a color mixing device configured for dispensing a hair color treatment
based on the data.

According to a further feature of the present invention, the processor is
further configured for determining a treatment for the hair that gives the hair a

desired spectrum.



20 provided a display device configured for displaying a color based on
the data. According to a further feature of the present invention, there is
also provided a display device configured for displaying hair color
treatment instructions based on the,data. According to a further feature of
the present invention, there is also é provided a color mixing device
confijurenidorgdispensinglachaiceblor trdatimenprbmsed iondheaatahe direct
According to a further featurg,of the present invention, the processor is
ﬁlﬂf}fﬁ&%é{%&%ﬁgﬁ& 88%&%%%‘{;% treatment for the hair that gives the
hair a desiRm spectiuthcd deAoeoisimBd PR {eHNBaatse aidhaRigaank is
invention, the direct function is substantially non-additive. Accordingto a
pefipimasdeaiu i bristpeelhipve Aber e bakadatingTi pelonacddyinitial
spERIERING NG DeY SRREHUMBASKE 00 DHHRMNE (e DAl S DSCm. of
y a spectral cthange function over the wave ength range, a Vaftie of the
thspegieaiehangkafunctiofunarying oxeythe wavelengtie rangs:derabordimgee.
to a further feature of the present invention, the spectral change function
includes a spectral change component due to a bleaching effect of the
hypothetical hair color treatment. According to a further feature of the
present invention, the spectral 5 change component is dependent upon a
reflectance of the hair. According to a further feature of the present
invention, the spectral change function also includes a spectral change
component due to a dyeing effect of the hypothetical hair color treatment.
According to a further feature of the present invention, the calculating 10
includes: (i) for each of a plurality of discrete wavelengths within the
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wavelength range, calculating a new optical value for the hair for one of
the discrete wavelengths as a function of an initial optical value of the hair
at the one discrete wavelength, thereby giving a set of new optical values
for the hair; and (ii) forming the newgspectrum from the set of new optical
values. 15 According to a further feature of the present invention, the

funchsiPO e iial BEHRE! VAR anéslovePTRS altIBR M ralige spectral
ché%é’fﬂl{}qi[gﬁrfﬁﬁﬂ@gz?‘%?@&}@f e resenRyentonethete R RaYiIdeadkrac
system for |

etermining hair color tureatinent, comprising a processor
of donfigprebdiocalip sacentimy@sinput an initial spectrum of a sample of hair,

the 20 initig] spectrum. having a wavelength range; (ii) determining a hair
color SRS for BT e ot HEBR O Al e !

chandesiradnsRestiumdne:halipsaid halealatireaimenhromprising a first
hair color treatment associated with a first relative concentration and a

first épsendineoia Firfishectfartange AcHEad R SEE6Hd doforpectral
chigament assogated with a 25%%%?&? %ﬁ%ﬂ&% %%’ng& @ﬁ’%o 35"18 % dyeing
SEC |

ond spectrum or a second spectral change function, the determination

effeotyfi iding spatizabaittiplicalion@atdnapportioning of the first and second
spectra or the first and second spectral change functions according to the

first MG VB SetatR B nEEh S8R LD A REF iRy LIRP BTN aLhis ftipulating
indgyice (thedatg,pringased ipen the, steRet-30 defQURANGs Sqvithin the

According to a further feature of thé present invention, there is also
wavidvitell asmectaatEntiyzer oonfigotidforgdredlivingeheinidar one of the

. spectrum. According to a further feature of the present invention, there is
iR SRS R e ) AL oA 1O AAgH o o ot

onbeadment vnstustians daseshantherdatar Acerrdingioa {uther featueetafr;
the present invention, there is also provided a color mixing device

anddiifidoransrtbispensihgdHairEamrthe aghghpew optical values.
According to a further feature of the present invention, the function of

the initial optical value varies over the wavelength range.

According to a second aspect of the present invention, there is provided
a system for determining hair color treatment. comprising a processor
configured for: (i) receiving as input an initial spectrum of a sample of hair, the
initial spectrum having a wavelength range; (ii) determining a hair color
treatment for the hair as a direct function of the initial spectrum and a desired
spectrum of the hair, said hair color treatment comprising a first hair color
treatment associated with a first relative concentration and a first spectrum or a
first spectral change function, and a second color treatment associated with a
second relative concentration, and a second spectrum or a second spectral
change function, the determination comprising spectral multiplication and
apportioning of the first and second spectra or the first and second spectral
change functions according to the first and second relative concentrations;
and (iii) outputting data to a device, the data being based upon the step of

determining.



based on the data. 6 According to a further feature of the present
invention, the function is substantially non-additive. According to a further
feature of the present invention, the determining includes: calculating a
spectral change function by dividingsthe desired 5 spectrum by the initial
spectrum over the wavelength range; and determining the treatment from
the spectral change function. According to a further feature of the present
inventio ctr tion incl . cha .
comPANT B 8 S et o e P eheey R gt is also
prdrgdtnient. 18pAcrardingitaly fortheniedme of therpresedudinentior, theitial
spectral change component is dependent upon a reflectance of the hair.
SPOCERHRIMG AT SRSt A O Jﬁa%@rsreﬁé%? iﬁ&%%?ﬁﬁrf?fﬁ‘élea&c&%?m is also
préiange fu @%pﬁﬁ'%ﬂ@@%ﬁﬁcﬁﬂ%‘atr%i?héi’@f?a%%p@ﬁ%mcSB{SrtOtékatmem
dyeing effect of'the hypothetlcafhalr color treatment. 15 According to a
insfundieptedrasedoprtidpresent invention, the determining includes for, each
of a Ig(r}%%l}%ﬁof %SCarettSﬁ%%}/ € Q%%hséﬁtﬂ'l@ thzges\f\é%\{eileg%logﬁn fere is also
calculating a Few optical value for the hair fdr one of the discrete
provadeleaghisemaiipcivndgef aminitiakdplicad ivaliie ofthehhdicat sheremgnent
discrete wavelength, thereby giving a set of new optical values for the
ha??éir??éh@d%%ﬁading to a further feature of the present invention, the
function of the initial optical value varies over the wavelength range.
According to a third aspect of the present invention, there is provided a
system for determining treatment of hair using a first relative concentration
of a first hair color treatment and a second relative concentration of a
second hair 25 color treatment, the first hair color treatment having an
associated first spectral change function for use in determining a first new
spectrum of the hair after
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application of only the first hair color treatment, the second hair color
treatment having an associated second spectral change function for use
in determining a second new spectrum of the hair after application of only
the second hair color 30 treatmentthe system comprising a processor
configured for: (i) receiving as input an initial spectrum of the hair, 7 the

initial specttum havi wayelength range; (ii) using spectral o

iy ettt At U g eI
subRinGRIGF Heatnaans of applying the first relative concentration of the first

hair color treatment and the second relative concentration of a the second

hair Asiers ingdenedttthaieleriirehel dhr mrtieg biiHgbsedlieptetaasng
. one_of. (I rtionjng.the. first ral gh e function and the,;second.
e g A S o e
spaelativebgomneehntiatibapeespestively; dadywty alpertioningdherfistaeynining
ectrum and the second new spectrum by the first relative concentration

thei&gaﬂzgéegéégﬂg i@r‘é?&ﬁ%]cﬂ%é%ﬁrgﬂ%ﬂ%%spectively; and (iii) outputting
datafQ q.device,dhe gatadreinghased aidhsslenotealadalingne spectral

According to a further feature of the present invention, the calculating'is
chiyzsethontiidasiohes ef spiaaidingahgdicstzpentrd ¢hange hiaetbm gocaiect
ower of.the first relatiye concentration and raising the second spectral

of fieh g

YROHBF RO 16 Pothid

ower %Ft%te second relative concentration; and

(ii) raigifertheg first nefiyrepacteuuie apower gl finheiaive the spectral
concentration and raising the second new spectrum to a power of the
chapge AATFANGRIE KEESREEBhURRR Grawl 62 G0 R dRedilire of the present

invention, RRKE {5 alsq,pRYIded 8. sPSEUHM Analyzet Conflanedor e qira)

pro ugi%r%t eélnxgﬁa spectrum. 56 Accordi#lg % a%erther eature o thgpec e
chaprgseftrintientisispthectuideal s0 speotride diadigplayndevice canfgted Hreing
| %slred on the data. According to a further feature of the

effgif%pl rﬁ’nﬁ%aéggl r’t%? gqg&g r treatment.

According to a further feature of the present invention, the determining
includes for each of a plurality of discrete wavelengths within the wavelength
range, calculating a new optical value for the hair for one of the discrete
wavelengths as a function of an initial optical value of the hair at the one
discrete waveléngth, thereby giving a set of new optical values for the hair.

According to a further feature of the present invention, the function of
the initial optical value varies over the wavelength range.

According to a third aspect of the present invention, there is provided a
system for determining treatment of hair using a first relative concentration of a
first hair color treatment and a second relative concentration of a second hair
color treatment, the first hair color treatment having an associated first spectral
change function for use in determining a first new spectrum of the hair after
application of only the first hair color freatment, the second hair color treatment
having an associated second spectral change function for use in determining a
second new spectrum of the hair after application of only the second hair color
treatment, the system comprising a processor configured for: (i) receiving as

input an initial spectrum of the hair,
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provided a display device configured for displaying hair color treatment
instructions based on the data. 25 According to a further feature of the
present invention, there is also provided a color mixing device configured
for dispensing a hair color treatment- based on the data. According to
fourth aspect of the present invention, there is provided a method for
determining hair color treatment, comprising the steps 30, of. (i) receivin

theys tHfilan JRRETSBeCtAITIDE a SamPRVEIHEH thd Wgd dhedilam nabfsgral
miAEeenghrngs: A0d (Dwalstiating amew SRRl %étﬂ'ﬁ%ﬁgyﬁaiz

to a hypothetical hair color treatment as a direct function of the initial
cokpdetaimenhief lagiplsoigr thedine nelodimpismepatfiasonaid chiofitssdtmentlor

assoqateddvx{ﬁlg a first rdallaéiv concentrattlon.and %flrsﬁt?s ectrur@

_ ( r a first
trezs%%%{lrala“élnange e ion, ARd Bs& 8?1%%%)%9 tre3tnient asSodR e%l%\lﬁthcglor

treagaend qdelativercancentatione dadarsessng spassumigba SECoRdst one
srﬁjectral change function, the determination comprisin%sgectral
of:hhlinpreationiaadtip datiotnss et Heanas dHacskvbraspbersomAshrstral

cha%%%%ip%yf%@hﬁﬁqe&w&%n&a&@ﬁﬁ%@gﬁ%&t@ gﬁ%t 9@&,5359&%6

refative concentrations. According to a further feature of the presen
cofmeentivipitheespiscaisol i Oaprbifeshthesteprgf displayinghaveotprbased and
1N the new %pectrum. According lcto a further feature of the i&)r%%?rn%g g
thgy DR SREALE pPSvidedRY StepBITIEPRTRYAR BISr thsatifeoh
relisFUCHRRS ARG 0 %@ﬁe&?&\% SPesti (‘i‘ii)“@ﬁ@fﬁiﬂﬁéocﬁﬁél ripey; fgalyee, ofhe

the present invention, there is also 15 provided the step of dispensing a
datshestidrasedipieticbdspd braiselaERe spectrum. According to a further

e AL ST 1548 R A B on i
based on at least one of' (i) raising the first spectral change function to a power
of the first relative concentration and raising the second spectral change
function to a power of the second relative concentration; and {ii) raising the
first new spectrum to a power of the first relative concentration and raising the
second new spectrum to a power of the second relative concentration.

According to a further feature of the present invention, there is also
provided a spectrum analyzer configured for producing the initial spectrum.

According to a further feature of the present invention, there is also
provided a display device configured for displaying a color based on the data.

According to a further feature of the present invention, there is also
provided a display device configured for displaying hair color treatment
instructions based on the data.

According to a further feature of the present invention, there is also
provided a color mixing device configured for dispensing a hair color treatment
based on the data.

According to fourth aspect of the present invention, there is provided a
method for determining hair color treatment, comprising the steps
of: (i) receiving as input an initial spectrum of a sample of hair, the initial

spectrum having a wavelength range; and (ii) calculating a new spectrum of the
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desired spectrum. 20 According to a further feature of the present
invention, the direct function is substantially non-additive. According to a
further feature of the present invention, the calculating is performed by
calculating the new spectrum based on multiplying the initial spectrum by
a spectral change function over the wavelength range, a value of 25 the
spectral change function varying over the wavelength range. According to
a further feature of the present invention, the spectral change function

haiP@iides & BPESRENANGE CANRAREAhIYR 12 a ipashing &ftectopithenitial
hypothetical hair color treatment. According to a further feature of the

SpgsFesant ivential, 9dapacalngat TIRpE Uogporient iSdsperigentraponent

asUEMIE81aDER of e halAoeording to.afuriher deatyre olihe present ; irg
Invention, the spéectral "change function also includes a s&jectra change

spearapohant ¢l fentaiaslyeidg sftecidf therhypatheticakhaii geldmirgpineentnd
.5 According to a, further feature of the present invention, the calculatin

relfiiGdeenesEREaEn 814 ALTERRRET RSEHBIE WA dlefifREdviRRF i change
fuliRvelength sangansalc iating Asnewsprtical Yﬂiﬁﬁ@%&%ﬂ%cﬁ% ning

the discrete wavelengths as a function of an initial optical value of the hair
of gheHerg ok stisenstepwairelengtis, fhetelny givdogd setcofalelaagicBinctions
valflfes ftor tl%e jthai ; aé1d @i?’ férmin the new s§e_ctrum from the set of new
ACPHEEFVRIUES TAECST i?‘n% 04 farher edid ﬂhoélﬁ'resent invention, the
funchierelid thevinitighaptcakyalve varies qvesthe anvelenathhangds also
According to a further feature of the present invention, a computer

PragRgmiadibauet, CoRipraG £elmpuierd e d RO SERIT#Which

Egm%ﬁf@é@ Ué%[it%”??t’i?eﬁ%ﬁﬂjr@’%?%ﬂ?%@Qﬂsi%]eerﬁiﬁﬁﬁdtggrg is also
provided the step of displaying hair color treatment instructions based on the
new spectrum.

According to a further feature of the present invention, there 1s also
provided the step of dispensing a hair color treatment based on the new
Spectrum.

According to a further feature of the present mvention, there is also
provided the step of determining a treatment for the hair that gives the hair a
desired spectrum.

According 1o a further feature of the present invention, the direct
function is substantially non-additive.

According to a further feature of the present invention, the calculating is
performed by calculating the new spectrum based on multiplyving the initial
spectrum by a spectral change function over the wavelength range, a value of
the spectral change function varying over the wavelength range.

According to a further feature of the present invention, the spectral
change function includes a spectral change component due to a bleaching effect

of the hypothetical hair color treatment.

According to a further feature of the present invention, the spectral



computer to determine the hair color treatment, the instructions including
the 10 above method steps. According to a fifth aspect of the present
invention, there is provided a method for determining hair color treatment,
comprising the steps of. (i) receiving,as input an initial spectrum of a
sample of hair, the initial spectrum having a wavelength range; and (ii)
determining a hair color 15 treatment for the hair as a direct function of the
chawg@k%awtqgQi@p%ﬁ_a@ﬁﬂugeﬁgm&t&ﬁ%@aﬂt@&ﬁalr color
treatment comprising a first hair color treatment associated with a first
relativecoodicentrationfaribier fikstispeciiuthomacsiest specmioehalige spectral
n{igipmand asecond calor reaiment agsociated il 8, segond relafye, o
co‘hcen{}a 1on, 4hd a'second spgctrum ora %conu%’pectr}al c angey =
cfftuncitohetheietemmiaticn coimptisingapectral multiplication and
apportioning of the first and second spectra or the first and second ]
spechEi ARSI fanBHRST dsadiding itdth P TrEFEnN¥ERBAR rétsticalculating
inGRACEPHANS: AFCO5EINg Biadisthereaie ofdne RIIERLIVCRAn  the
there is also provided the step of displaying hair color treatment
wainstengtiomsiiss echion tiien 2 5 deterrojring! Azhordiog tiocalfartHer featurd die

o S R oL TR e

of the present invention, the function is substantially non-additive. 9a
According to a further feature of the present invention, the determining
includes: calculating a spectral change function by dividing the desired
spectrum by the initial spectrum over the wavelength range; and
determining 5 the treatment from the spectral change function. According
to a further feature of the present invention, the spectral change function
includes a spectral change component due to a bleaching effect
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of the hypothetical hair color treatment. According to a further feature of
the present invention, the spectral 10 change component is dependent
upon a reflectance of the hair. 10 According to a further feature of the
present invention, the spectral change function also includes a spectral
change component due to a dyeing effect of the hypothetical hair color
treatment. According to a further feature of the present invention, the

ong?fﬁ%?%]{‘é%éei] g eﬁi@&%@%&ﬁ%‘%‘%‘%"&‘}’ QLS R‘fé%z‘%l’&%%'}‘%ghﬁhe hair;

within the wavele range; calcufating a. new optical value for the hair

anfofiorehihe discrete speavatendtomakaskinefinavobani daitied loptical value
of the hair at the one_ discrefe waveI%g%;h, thereby giving a set of new,

opticaFGaltEEdr the HAALCOHIMG 16 BFtReR SR & prédagfion of
thd HRHE 4R8I UARHORPfed B be NitiahoplicRl Malke aries over the

wavelength range. According to a further feature of’th_e present invention,
a cormpuredinpftware fubbierctfwompriengha coreireinegttible rmediunpiner

hich ccg (Ri%l;[er instructions are stored wgé%t] instr%ctions when.read b

IC m
solER it S FRRRE o STEP BRI ths AP cBlor et mang 1T

indhadnstiveionsoreuding:thisthabone wiathedAteps aACeapding, toasixdh the
aspect of the present invention, there is provided a method for, )
COPBTRNGHIHECACREINGo B theatrseHu SR RS Gt et edihinglof agathe
ab 'g%tllil%itrhgglg{ gatment and a second relative concentration of a second
air color treatment, the first hair color treatment having an 20 associated

first spectrdirghamgeftithctigpe foraisd inpdetenmninimenadinsthew isgectvuded a
oétkép hpir aféer aﬂflication of pnky tpe_ first hair color treatment, th% )
mBeEnd Rkir E6IGF g’éﬂ%en}f‘%évi Q'&h a&%&%’se%ﬂﬁ%‘ﬁg&rm Eﬁanﬁgps
offunclieeiian ysesingaierminig & secndReWSResHM Ofdhahair aftehnitial
application of only the second hair color treatment, the method including
spggrum  having a wavelength range; and (1) determining a hair color
treatment for the hair as a direct function of the initial spectrum and a desired
spectrum of the hair, said hair color treatment comprising a first hair color
treatment associated with a first relative concentration and a first spectrum or a
first spectral change function, and a second color treatment associated with a
second relative concentration, and a second spectrum or a second spectral
change function, the determination comprising spectral multiplication and
apportioning of the first and second spectra or the first and second spectral

change functions according to the first and second relative concentrations.
According to a further feature of the present invention, there is also
provided the step of displaying hair color treatment instructions based on the
determining.
According to a further feature of the present invention, there is also
provided the step of dispensing a hair color treatment based on the determining.

According to a further feature of the present invention, the function is

substantially non-additive.
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25 steps of (i) receiving as input an initial spectrum of the hair, the initial
spectrum having a wavelength range; and (ii) using spectral multiplication,
calculating a new spectrum of the hair due to a hypothetical hair color
treatment of applying the first relativg,concentration of the first hair color
treatment and the second relative concentration of a the second hair color
30 treatment to the hair, the calculating being based upon at least one of.

Ha onj } i ecand ral

e R S oo D R SR REE e
inclidzoncesnicatiomand thesecondheladyefoontentrationd indsipectivedy; dasided

(11) apportigning the first new spectrum and the second new spectrum by.
SR I AL SRRSO antE SN FORRH SO it ing

thé%@fﬁ%cﬁrﬁ&%ﬂ%ﬁg sribthenfgaiye of the present invention, the
calculating is based on at least one of: (i) raising the first spectral change
functiereesdangovsera digbdirdicsianve Coheeprestioh andnaigihgtire spectral
second spectral change function to a power of the second relative .

o SRR T ) g e FeOER e e T R R Shne st

of ralative evrcentradioraig raistagetite 10 second new spectrum to a
power of the second relative concentration. According to a further feature

of théprekdRtinfeatidMBEoMRptte: SbitWaraTsrsalic ¢aMighsingasPectral

ch&? p“_%ﬁ?%ﬂ%ﬁ’ae mediym,in yhich %?%}P“t%r Instuctinns argrstafed, hair
which instractions when read by a computer, causes the computer to
determine the hair color treatment, the instructions including the 15 above
method steps. BRIEF DESCRIPTION OF THE DRAWINGS The invention
is herein described, by way of example only, with reference to the
accompanying drawings, wherein:
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Fig. 1 is a schematic view of a hair color determination system that is 20
constructed and operable in accordance with a preferred embodiment of
the invention; Fig. 2 is a flow charj ghowing a first approach to calculating

a new reflectance spectrum for use with the system of Fig. 1; Fig. 3is a
flow chart showing how to create a model for use with the 25 first
approachisirg (Q; Figudhieralgrapte ob fothe reffestan ceregrins athalspastral

the bleaching exponent for natural hair samples for use with.the first .
o T PR e S000T0s SR b T Sh 8095 T & gyeing
effgrapit aidotabogliectance agaiket penakienof the bleaching exponent for

previously dyed hair samples for use with the first approach of Fig. 2; Fig.

6 is ASaMBla R dpdEtharcirange CriboRERtdel IS WRNnhdfrdetgrmining
inARRLRAEH %Bgﬁgo?'alz.%ré}i'ﬁﬁé@m%‘?e%ewg&ﬁ %t@kﬁ‘ﬁﬁ‘r{ﬂ wavelength

component for use with the™ first approach of Fig.2; Fig. 8 Is a flow chart
raighowiatralsenand approaphdel caidulatiog aheehaireffectance spelotrubsfocte

use with the system of Fig.fl; 10.Fig. 9is a fl wcparts owing how to
VRSt PR RA8 SMEALLRISALR oY 1) Berg §icthe one
di@%@é‘@&ﬁ%@%ﬂﬂ%&@@}?ﬁ%@%mﬂﬂiﬁ@skf%fiﬁ%nﬁeﬁd% PR8he hair.

wavelength for a sample of hairs for use with the second approach of Fig.

8; andicES gL i durthetHartWiroiigsteisssnithevepbieriodiofiurction of
S5 S48 dRESERIEON OF THE.FRFEFRRED

According to a further feature of the present invention, a computer
software product, comprising a computer readable medium in which computer
instructions are stored, which instructions when read by a computer, causes the
computer to determine the hair color treatment, the instructions including the
above method steps.

According to sixth aspect of the present invention, there is provided a
method for determining a hair color treatment using a first relative
concentration of a first hair color treatment and a second relative concentration
of a second hair color treatment, the first hair color treatment having an
associated first spectral change function for use in determining a first new
spectrum of the hair after application of only the first hair color treatment, the
second hair color treatment having an associated second spectral change
function for use in determining a second new spectrum of the hair after
application of only the second hair color treatment, the method including the
steps of: (i) receiving as input an initial spectrum of the hair, the initial
spectrum having a wavelength range; and (ii) using spectral multiplication,
calculating a new spectrum of the hair due to a hypothetical hair color
treatment of applying the first relative concentration of the first hair color
treatment and the second relative concentration of a the second hair color
treatment to the hair, the calculating being based upon at least one
of: (1) apportioning the first spectral change function and the second spectral

change function by the first relative
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The present invention is a hair color determination system and method 20
of operation thereof. The principles and operation of a hair color
wesigipigation system according to the present invention maye Reiiei21e
understood with reference to the drayings and the accompanying
description. By way of introduction, the present invention teaches
predicting final 25 hair color resuylting from a process of treating natural

CRBRCTHFEURIUSIABYed tihd/SF BB ch &8 REEWitR PRI EHIR  tre BIPRERT VPRG
ArmihaiheriehieaiRent: isdelipediiateimio fclude dyeing apeéeium by
bleaching halr.W|tﬁ) a single product or a mixture of two or more products.
tienBrally relaiiveol GonrEEHARAES tdyethair Weoufcliblety bleetineagon:

¢ ig&igggns up the cuticle WO 2006/090363 13 PCT/1L2006/000210
and allows the dye to enter the hair. Therefore, even a hair color product
meant:fsoatinedpeinfjrhehEriEisahdiadessardarsimnapiotit of bldacnthi
t ich. has ' ir..Ih "dye”
B AR e e B
dbléschitst "fepdcking B ésdefime dihéremasg efilacingapignipatsralithiange
xidized form. The present_invention is based on isalating the.dye.and .
AT e CRiR SO AL o BT R Ao GO e
fisgnireendanchaalculatingre finditiar fiewrceflbctancespatinimgs aidinecthe
function of an initial reflectance 20 ctrum. The  term "final" or "new"

B8 SDESER I RRHE LA St SRR B O BB s pectrum

of hairadterdaknguinio fageruntanrepesationRypehaieatipalr eodemputer
treatment. The term "injtial" reflectance spectrum is defined as a

- SEHRFRf PAHEL AR SRS AP BYRRIGIIF iR RO dRshish comgputer

eRimemts Nevashelesmiltshrwdbe Roterhal e NaitSAIPRIS: May-le the

previously dyed and/or bleached prior to this current proposed hair color
AR EN feTpEE i PaEt AMCTISFPEISGBHNGS MRTEITHRSY AbIbRSHAE
i%%@ﬁ&@%t@gial spectrum into a final (or new or spectral change
function) o

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

Fig. 1 is & schematic view of a hair color determination system that is
constructed and operable in accordance with a preferred embodiment of the
invention;

Fig. 2 is a flow chart showing a first approach tc calculating a new
reflectance spectrum for use with the system of Fig. 1,

Fig. 3 is a flow chart showing how to create a model for use with the
first approach of Fig. 2;

Fig. 4 1s a graph of total refiectance against a value of the bleaching

exponent for natural hair samples for use with the first approach of Fig. 2;
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without converting the input spectrum into a non-spectral color
representation such as the (L, a, b) representation used by Marapane et
al. and by MacFarlane et al, or the coefficients of natural hair factors

Wiaaefletas93tkie Applicant in 20 published US patent applicatidi-ha1.2006/000216

2004/0000015 to Grossinger, et al.,.fEhe initial reflectance spectrum
includes natural hair factors (Eumelanin and Pheomelanin) as well as

factorg-[elasing Ip pusioye t%yaﬁsrgheaaﬂ%@bé%ah@ Patent ARNlicAHRA Hng

2004/0000015 to singer, et al. requires that the factors of the hair be
e advenseeonalithdyas s seavelash &, the oyighoBigaltst mpproach of
I%gperally not Imown, therefore a final reflectance spectrum cannot be
dé&termined using patent application no. 2004/0000015 to Grossinger, et

al. Howgverisnvithainglprégespivientibangte factpesenbkingiep titiHhir Host
not negd be 5nown in order to calculate the final reflectance spectrum.

roach of Fig. 2 : : : ,
erefore, présent invention can also be used for calculating a final

30 reflEtaiide specipitrbidapreniosisty ttyiechhajte W1 2006/080368 with the
gCT/ILZOO /000210,,14 The present invention teaches two approaches to
ﬁbﬁpﬁ{é’aﬁ 5 ﬁ%r?n’oned teaching. The first approach involves defining
a spediigl ehangddunction Biayinga dyengangprbienddinglconpenantew
which affects all wayelengths of the initial r%f ectance spectrum in order to

t
TEHRAIANCS TRCATE R AGE IR S B EimteThe Ad approach involves
defininga spechaishanag: Bnslien fRewachanaelengiise par Aeland the

then applying each spectral change function to each wavelength of the
RreRcenatearkeHldastirement in order to arrive at a final reflectance
spectrry. Egeh @%ﬁﬁﬁ%?@ﬁi@_@ﬁ%@é Bfsssbedinmaredetaihbsion. for
The first” 10 approach is described with reference to Figs. 2to 7. The

ST onve cfors adeyapie @viminefirenss (Withghs tecend sappetapiodl
@gt@ogﬂgr application of these abovementioned approaches is described
W

h reference to Fig. 11.
Fig. 11 is a fiow chart showing steps in the operation of the system of

Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a hair color determination system and method
of operation thereof.

The principles and operation of a hair color determination system
according to the present invention may be better understood with reference to
the drawings and the accompanying description.

By way of introduction, the present invention teaches predicting final
hair color resulting from a process of {reating natural hair, previously dyed
and/or bleached hair with a hair color treatment. The term “hair color
freatment” is defined herein to include dyeing and/or bleaching hair with a
single product or a mixiure of two or more products. Generally, hair color

treatments to dye hair also include a bleaching agent which opens up the cuticle



10

15

20

25

30

Reference is now made to Fig. 1, which is a schematic view of a hair

color determination system 10 that is constructed and operable in

accordance 15 with a preferred embodiment of the invention. System 10
winehtdegsaslight collecting device 12 ﬁspectrophotometer 1BCEH Basee st

16 and a user interface 18. Light c ecting device 12 is typically an

integrating sphere or other suitable light-integrating device. Light
agoligiting tle\dge d2dhas ahshaipliligepelid) aivanowingindwbbr iprptaﬁgdmam

TR B B RE LRy BEVEE 15 O e s Blo eLeaC e ance
vaRectumdithetial offetstantes ROr Thee teflactanee apresiamptypigsfiied

has a wavelength range between 380 and 750 nangmeters. It should be

heRsiacPhas e BRI AR SHE (i dRs Ral mBRS (FEMbT BlNeEaREe RIcaP g

1@"@&%'1%&911%1@!1% Pk fsﬁfgl@éﬂ@ﬂ@ﬁ%ﬁn&? isxadielative 2P RN sent
and is typically represented as a percentage of a white reflective

ingsatHce | EackaigEagophbtsRIGNS JIRRHAS MrRTeAechange
SaeHahdhauing @ }kgct}ﬁ\@ Hefl eI RRCESRSEIH AL QIR0 AP ey

spectrophotomete efore use. Once a spectrophotometer is calibrated
refies e CoORpPeliBRaon m@mms@%mm@ﬂdmtwmﬁegmmh&he
, e efl ctance Specir r e,s5a
E e s T e e R
raBficiatzrrcesppetrom afs \NAD 2@&6&‘09@% P@ﬂm 14206000 20 bSean or

AT ML RTISE, 8 DT d D B e
delésed baohmmn&adbtaﬂlmﬁnrefepenﬁem) &figs haitasdthpléspritntesface hair
R AR R AT e e
phaileiesselyet! Vbth%zh @Ia@@l&ﬂtrpﬂtﬁ'l eotsies apptyeRefecpbsedsnaaWeolor
tr@a%%%tttg g eztc\ivrgl(:hdgeactﬂ%\ivngt?gr? Slhsov(\i”enmgc{ Irﬁérem as a function that
transforms the initial spectrum into a final (or new or spectral change function}
without converting the input spectrum into a non-spectral color representation
such as the (1, a, b) representation used by Marapane et al. and by MacFarlane
et al. or the coefficients of natural hair factors taught by the Applicant in
published US patent application no. 2004/0000015 to Grossinger, et al.,. The
initial reflectance spectrum includes natural hair factors (Eumelanin and
Pheomelanin) as well as factors relating to previous dyes (if applicable). US
patent application no. 2004/0000015 to Grossinger, et al. requires that the
factors of the hair be known in advance. With previously dyed hair, the dye
factor is generally not known, therefore a final reflectance spectrum cannot be
determined using patent application nc. 2004/0000015 to Grossinger, et al.
However, with the present invention, the factors making up the hair do not
need to be known in order to calculate the final reflectance spectrum.

Therefore, the present invention can also be used for calculating a final

reflectance spectrum of previously dyed hair.
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approach to calculating a new reflectance spectrum for use with system

10 of Fig. 1. By way of introduction, given an initial reflectance spectrum

of a hair 10 sample, the modeling of the coloring process is defined by
WEheHe8WBotultiplying the spectral changes caused by both D /#yad06/006210

pigments and bleaching effect of thdhair color treatment tube. In other

words, a new reflectance spectrum is calculated by multiplying an initial

reflectgnge sp@cHUMMEATYe arghlaaching SpesiALaRangs fugn%%'ﬁnl.t !I;Ee

The value of the 15 spectral change functions varies with wavele
ahaymsBtipaedh et deafE igrrivechdisd liah edcﬁlm'x:gg ;p rewessgal
' | e ] SQ, ral
D B T M e R o
Wraetragbhs aehitity sipdlétlarefipateece mmegonivarie sofden Gnerpie saneplinal

nather ' 2 oS e hair's pigments
r@ﬁgr to trea m%éﬁ%ﬂg%%?ggﬁg%@(%ﬁ%éggfggtraﬁ%%ﬁlalﬁgaesfi% ACtorn 8 8°
plpildert errtheanidlangdil seranaelyfan their aps hyiilbe disgussed diange

i ith to Figs. 4.and 5. Unlike prior art
%ﬁ%%ﬁ%%%m%%&% orr{)regl%tsl,r%té%e%?%ﬁ% a%%%%ﬁﬁi‘f)p%ff%gl order to

andiditisha oy adeediiidresprethast of the present invention also considers
the 25 chemical spectral change of the initial hair pigments due to the
R PR AT o FeSH U8, BIOPEE BRl . Lhe et

bleach ingredient o 0 _ | _ _
afleatdn te dpeeibet tafterafotenog xasrdgtined by then dollowing KaLaLAN s
f=R, D. Equatio% 1.1), WO 2006/090363 PCT/1L2006/00021.0

SR HEToRE 5 spiedlint Rt earstms i foe foetenion R
titebeliestancensaagipimdrione Laloring (hipldaisstanea); D s the

spectral change function caused by the d%ée pigments, BE" is the spectral
chang&SATHRich i REE B the Hidachintieieds. Tehnanass ofitrtie Bealmir

cBidfQetermination system 10 that is constructed and operable in accordance
with a preferred embodiment of the invention. System 10 includes a light
collecting device 1Z, a spectrophotometer 14, a processor 16 and a user
interface 18. Light collecting device 12 is typically an integrating sphere or
other suitabie light-integrating device. Light collecting device 12 has a
sampling port (not shown) which is placed on the bair of a customer 20.
Spectrophotometer 14 analyzes the light collected by light collecting device 12
in order to produce a reflectance spectrum of the hair of customer 26. The
reflectance spectrum typically has a wavelength range between 380 and 750
nanometers. It should be noted that the reflectance spectrum is a measure of
reflectance over the wavelength range. The measure of reflectance is 2 relative
quantity anc is typically represented as a percentage of a white reflective
reference material. Each spectrophotometer is sold with a reference material
having a known reflectance spectrum in  order to calibrate the
spectrophotometer before use. Once a spectrophotometer is calibrated with its
own calibration material, the specirophotometer should give the same
reflectance spectrum in percentage terms of the same sample as any other

calibrated spectrophotometer. Processor 16 receives the reflectance spectrum as
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[ nd D are the same
5 wavelength dependent. Exp is the exponent_of B. B an _
for any one hair color treatment. B and D are mdependen_t 9_f the hair
sample. Exp on the other hand is dependent on the total initial reﬂectance
wf theneiicsample. For convenience, BP is termed as the "$1§8¢Hig006/000210
bleaching spectral change function” s it depends on a spemflc total initial
reflectance of hair, and B is 10 termed as the "g_eneral bleatﬁlhlng spectral
ehange: fingiatsasiEpisitdensade QlbebaLsample Ihe oo haie
deter inati?n of B, ISB%nd Exp is described below In more daelfgﬁ \;\)/ltllgjll
?ége’%ggt%aﬁg@% TB%C.’FPﬁ’é%’é nehsl ﬁi@_ﬁ%iﬁ@gfepac&abﬁclmugﬁsfui?@ﬁp Are
E:auntbdeidymsredéalichpnge-duachien. B ?{gsd eterm li;ledéj‘%é e@gﬁ%%u 18
color freatment tube using several hair samples as WI|‘| e ri
‘E{BFSG\H% St tatnaRtss rdferb ARk tardig, @Sﬂﬁgedmndelﬁ)ar@stcl)mﬁ] 26 to
shaiaciedanitionartog ot Werral sl Healions separlei e, o
final reflectance spectrum due to colorifig with"a mixture L 3
isthhsins dosipetssert i faiols: R.=R.' Di BExP ) (Dz ' BZEXP")a ~ (i
' functions
Equatipry here are the.dye spectral chan_ge f
fo? ha}?a%ﬁl%gg:mentlﬁé%g%a%r% %‘oTOr‘?reiggﬁar% ?%ﬁ?@&l@%@?‘@géﬂﬁmt
BRrarERte gelsulatingenokwpedlealnhange dtineticos fReRRIRCYIRIem 10 of

t It calor..treatment 2, respectively, Expi and Exp2 are
B e
savedpedtivelpoddtinge oflative 25 cengenkaian ot hakmalar geaimentl
dﬂl Y iXtU{‘E and b is the relative concentration of hair color freatment 2~

HE e I

U TS EFe ShatEes, Sﬁuﬁ‘ﬁ%inkf’c‘foﬁ?quiIhﬁef&morEigmenﬁbyand
beskinrdirféstly sKillad indhe dthatdhumare 1hao e Bﬂi@ch!_\?(?rds a new

ents are used then equation 1.2 includes another multiplicative

r%%?‘é@%%? eI HER cdfor fatRAEH:. BYomobrbdoge3P Gnitia2 0061000210

sidttrum by a dye and bleaching speciral change function. The value of the
spectral change functions varies with wavelength. It is assumed that the
quantity of dye pigments added in the coloring process remains constant in
every hair sample and so the dye spectral change function is independent of the
initial reflectance of the hair. It is assumed that the bleaching spectral change
function varies from one hair sample to another due to the concentration and
ratios of the hair’s pigments prior to ireatment. Therefore, the bleaching
spectral change function is dependent on the initial reflectance of the hair, as
will be discussed in more detail below with reference to Figs. 4 and 5. Uniike
prior art methods of predicting color results based on the absorption of the
additional dye added, the method of the present invention also considers the
chemical spectral change of the initial hair pigments due to the bleach
ingredient of the hair color treatment tube.

The final hair reflectance spectrum {after coloring) is deﬁﬁed by the

- foliowing equation:

(Equation 1.1),

Rf :Ri 'D'BEXP
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Therefore, equation 1.2 is used to determined a new reflectance

spectrum from an initial reflectance spectrum due to a combination of hair

color treatments. Unlike the prior art, it is not necessary to perform
WEXPBAeES for each and every possible hair color treatmeR€Riikadpe 00210

The method of the 5 present inventiorgallows calculation of a new

reflectance spectrum based upon the same spectral change functions of

the hai | hen the hai lor treat t d by
thome NSRRI SN BRI e PR IO SRR s
asspeigigfepacralshangs fHorRNSdve 2na ReAChloRYSEN b is the

determining a new spectrum of the hair after application of only that 1.0
pseEalophregmBmobipitsettsévaritibe siete @anmissp8Ciralis ngepeotral

i I ' 1Of: prertioning.the.s
e e e P BE AR B D e
imatlengiduderendenindley Adbtionpiysrasodls: T malidngnthe gaatiofod iy

ives, R,'h ExPiaFxpzh Rf=R. Rr.'{Di' F3~) (D2 "'~z ~) Equatiqn 1.3.
DA a8 Bl ntthoel e i} 20 e
Treodforeydnis isedpthat R ion(Ric) aRf izt wafloctdnbe wihibke i aathpie.

f, are the final reflegtance spectra calculated for hair 20 color treatment

LN e ok 1061y TG e ERSATE PP ARAG e
aenaiiort hbiisdepetldo aeternpnetiaoalirgiiactantespestsfMmiioranivg is
final reflectance spectra due.to a combination of hair. color treatments.
(SHEE B TioR SETH 1 T HBR SOSSHAS s AHRSHRSH st P dgRendent
anghevary apspiblerhaiiiealpniipaipnest Mg dT he methad 9btievelow in

present 25 invention allows calculation of a new reflectance spectrum

B dsisoh Vel rfsHinentier Hestinhltreffectdifc @ el b ssriy e saneral
dmndbedirablefienianse apecrea chlntdatadhioliaincalar dLeaimantsor

used by themselves .
each hair color treatment tube using several hair samples as will be described

below in more detail with reference to Fig. 3.
Once modeis are characterized for any two or more hair color treatments
separately, the final reflectance spectrum due to coloring with a mixture of hair

treatments is expressed as follows:
R, =R (D -BP") (D, B, Equation 1.2,

where D, and D, are the dye spectral change functions for hair color
treatment 1 and hair color treatment 2, respectively, B; and B, are the general
bleach spectral change functions for hair color treatment ! and hair color
treatment 2, respectively, Exp; and Exp, are the bleaching exponents for hair
color treatment 1 and hair color treatment 2 respectively, ais the relative
concentration of hair color treatment 1 in the mixture and & is the relative
concentration of hair color treatment 2 in the mixture. Therefore, a+b=1, by
definition. It will be appreciated by those ordinarily skilled in the art that if
more than two hair color treatments are used then equation 1.2 includes another

multiplicative factor for each hair color treatment.
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without mixing using equation 1.1 for each hair color treatment. Therefore,
a new spectrum of hair is calculated using equation 1.2 by 30
apportioning the spectral change functions of the one hair color treatment

WENHWO03¢06/090363 PCT/11,2006/000210 18 the spectraPERghgHI6/H06210

functions of another hair color treatmient, by the relative concentrations of
the hair color treatments in the mixture, respectively. Alternatively, a new
spectrRABRL 12 GaIRNR! A0S RAHANON ke B ARPAMIRNDG . IR
reflectance spectrum due to only using one hair color tréatment anglc{ﬁe
spratrefe diapc és pedisinicdissttnonispesingranbtbephaiccenlonasatnodnair
dyithe Lelative.congantatio f the. hair color treatments in._the mixture,
respectively. It is seen %?‘o Iga%a |bln€;fsll.]f%%e isf%afl}la?f’ BESSHIb ARRSHpents
parfmeheahbyeraiginuptisbiadiers tvliveteriation taitherpoWse afdiied of the
eciated by those 10

ive. trations. H it will b
L G B RS0 e oon
tineiisgplyengpethimiadtong b Vimsiiables fraction: Colvationshehid RiandtheShair

are typically used to calculate a new reflectance spectrum as a direct
?gﬁjcrggﬁag?éﬁt%n?ﬁgl%ﬁieg%ﬁ%mg%?ﬁjﬁﬁl 04 SRS SthEti b ords, each
lrsntrokt ikaweve hdt wikhieaeprpeiaied pathesabsRidinarily skdlleking
the art tha@tgequations 1.1, 1.2 and 1.5 can be used to determine a ’
Gt St CS IR Y sBScUtepfURe st s pnpdicaine @heedy that

e ciown MM@%E&@N@@&%@%,%%@&%@-QQ&%‘P%E%%G{EHR ons

are described below. The first method is for calculating a new retlectance

YRR NS e R B Py b B FRRCRH e e Speeitaldilatde etioticwisdry
dRitialsaleclancs SRR Eilsh @&&Qiﬁ%{&{é%?%%gx?&%%rﬁs'% hole.

“measured by spectrophotorneter 14 (block 22). Second, processor
recgivéé‘ﬁ%@%%fb{l: e ficdiac saaeatzimy, dipningrallagelength range, as
an inpy. Thyrel, BLI8ast ponye ., . g 2y Equation 1.3.

Therefore,
Ry =(R-D-B™) (R -D,-B") Equation 1.4.

Therefore, it is seen that,

Ry=(R.)-(R,) Equation 1.5,

where Ry and Ry are the final refiectance spectra calculated for hair
color treatment 1 and hair color treatment 2, respectively, using equation 1.1.
Therefore, equation 1.5 is used to determined & new reflectance spectrum from
two final reflectance specira due to a combination of hair color treatments.
Unlike the prior art, it is not necessary to perform experiments for each and
every possible hair color treatment mixture. The method of the present
invention allows calculation of a new reflectance spectrum based upon
apportionment of the final reflectance spectra using equation 1.5. The final
reflectance spectra are caloulated for hair color treatments used by themselves
without mixing using equation 1.1 for each hair color treatment.

Therefore, a new spectrum of hair is calculated using equation 1.2 by

apportioning the spectral change functions of the one hair color treatment and
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one hypothetical hair treatment is selected having associated D and B 25
(block 24). Fourth, Exp is determined for each hair color treatment a new
(block 26). Finally, a new spectrum of the hair due to the hypothetical hair

wenlepsifeBtfdent(s) is calculated using one or more of equati@/I/IL2M0P/POgR0

1.5 (block 28). It is seen that the newfspectrum is a substantially
lion-additive function of the hair treatment and the initial reflectance

t%%egt%%r{‘raﬂ S 0&%%1%%%“9&‘3%%%9%8%% f&@&%&?@&tis Neelotative
erein as a function that includes mathematical operations other than
culditinmaaiod s ubfrdbtiohgieveniwOLRADSH00368 BECTHLIRA06/000L0ti¢ely.

h.addition and subtracti part of the function. For example,
AT t<Tot SIS T by SHRE he NS SOBRAI 162

new y determined by I
spesitienigf the dire:l ThBstnond spethethisiior caloulgtioge:haiktiedimeis:

as a direct 5 fynctjon of an initial reflectance spectrum and a desire )
e N et T
soeetiepheiameter hd (lablke 220nSeeanthrirofassondip ReIVestiitnts in

initial reflectance spectrum, having a wavelength range, as an input.
i NS SRR N ce i pdbirdffitis e cRAANER 3b% F%Hfr)th];'ﬁsiﬂ&t

?&@M&&t@ i?eﬁ%i‘ﬁfé‘é by Rispyeribeabihwayelgs %ﬁhﬁ@!@ﬂ@ﬁd@kﬁi‘fﬁ)ﬁer
es'red\I;EJectral change function multiple of DBExp (block 32). Finally, for

@b HABNE MR NGO OBEm SHES SHeF mikL R BfereiTeBeseh Ry those
GRIGHAISINIA 1R AHVEMARNRE @B BIIdUE MRt oROIPE Y SAIMBR e

DIB1Expc D2B1Exp2 is calculated) to see which hair color treatment of
thixtastothdreafspitaigesagieoslosest match to the desired spectral 15

g B ook RSP SR AR (RIS & oo
isfecabstapaliymors additeet function of the imitial reflectance spetmumand
an ;Bgthggggle%gﬁﬂ%ég@ﬁgn%.p%gg\%@\?er, it will be appreciated by those
ordinarily skilled in the -art that equations 1.1, 1.2 and 1.5 can be used to
determine a hypothetical hair treaiment as a direct function of an initial
reflectance spectrum and a desired final reflectance spectrum. Both these
methods are described beiow.

The first method is for calculating a new reflectance spectrum due to a
hypothetical hair treatment as a direct function of an initial reflectance
spectrum. First, an initial reflectance spectrum 1S measured by
spectrophotometer 14 (block 22). Second, processor 16 receives the initial
reflectance spectrum, having a wavelength range, as an iﬁput. Third, at least
one hypothetical hair treatment is selected having associated D and B
(block 24). Fourth, Exp is determined for each hair color treatment a new
(block 26). Finally, a new spectrutn of the hair due to the hypothetical hair
color treatment(s). is calculated using one or more of equations 1.1, 1.2 or 1.5
(block 28). It is seen that the new spectrum is a substantially non-additive
function of the hair treatment and the initial reflectance spectrum. The term
“substantially pon-additive function™ is defined herein as a function that

includes mathematical operations other than addition and subtraction, even
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Equation 1.1 is based on application of Beer's law. 20 The intensity
change of light interacting with a light absorbing material is described by
Beer's law as: J output = I. input e a-Bxp-I Equation 2.1. where 'output is

wihatoritpttihtensity of the light, Irp,u is the input intensity offhERgpe/auEs 10

the light absorbing characteristic of the material and Exp 25 represents
the concentration of the material, | is the propagation length of light in the

e, L is . approximated as a constant for all hair samples.and therefor
R e TR A T R e R e e
@ddexbecinive matesiakidaig didermamed iyl calidieg e neiill epecass thea
output intensity measured, 'output is the reflectance 30 spectrum, R.
Sﬂ?ébé%‘ré’, tﬁ'é%%ht intensity of the light after reacting with the WO
2006/09¥363d36ed / 1he2066/GO021 OcZwiatiial halfapioments-ancthelye direct
%ﬁ%ngains frf(ﬁrtn previ uég air colors gives the initial reflectance spectrum of

re,

HaR 8 AARAG RSBt S RS IBrS PORTR.
Heyiation ddia(T bernetasacaltgreapning annawhalr s9loiiseatpriloi@er 14

final 5 reflectance spectrum is given by, _ -anatumlhgments -apreviou
HtarsioRdniRrpRRsE dbakeie s By rinitiel srisrtancepsRectum,

Hefined anthsaslalivatansmissignetthe s wdve added dherefpiedt: is
D e-a, . cobr Equation 2.4.
selected (block 306). Fourih, using equation 1.1, R, is divided by R, over the
wavelength range, to give a desired spectral change function multiple of DB®?
(block 32). Finally, for each available hair color treatments and mixturés
thereof, DB*® is calculated in an iterative manner (or for a mixture of hair’
color treatments DyB;"'.D,B5%? is calculated) to see which hair color
treatment or mixture thereof provides the closest match to the desired spectral
change function multiple of DB™7 (Block 34) in order to determine a suitable
hair color treatment. It is seen that the determined hair treatment is a
substantially non-additive function of the initial reflectance spectrum and the
desired reflectance spectruum.

Equation 1.1 is based on application of Beer’s law.

The mtensity change of light interacting with a light absorbing material
is described by Beer's law as:

Loy =1, e @52 .

output input _ Equation 2.1.

where Loy, 15 the output intensity of the light, /i is the input intensity
of the light, @ is the light absorbing characteristic of the material and Exp
represents the concentration of the material, / is the propagation length of light
in the sample. / is approximated as a constant for all hair samples and therefore
is not referenced hereinbelow. Any additional light absorbing substances added
to the material is added in a multiplicative manner.

In our case, the output intensity measured, [,up, i3 the reflectance

spectruin, R. Therefore, the input intensity of the light after reacting with the
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Therefore, substitution of the terms of equation 2.3 with R, of equation 2.2
and D of equation 2.4 into equation 2.2 gives, f R1.D Equation 2.5 It
should be noted that the exponents for the light absorption of the 15

WintlrelPigihents and previous dyes in the hair have been oftfittddAresioo216

equation 2.2 and 2.3. Nevertheless,2fe light absorbing characteristics of
the exponents are included in equation 2.5 as the measured initial

fefleclanss SHeEtEAR ieluges fepAaht %ﬂrgi%% QrRGIeTIBGR YR 10 e
these exponents. The new color exponent is omitted from the equgﬁons,
mdtigle ATSE Brsctranighthedaibsaththmasbeedye is constant over
different hair samples. Blgaching does not add any light absorbing

materiaf%o Faj[.-,llggyve&er, "BISEERTHg -causeS g €HaNge in the light
. ripel S - : fron 2.2.
absorption of the natural hair pigments. This light absorption’changé

appliedberttietairqfigmentsithag ate alecteddy dbRDICAHNASRIOBRSS fSiaf
rgiggéetsergged as a change caused by replacing the 25 pigments from the
Ritial phase feTaPe the'Bf@adhing) with oxidized pigments having a
relative higﬂhzﬂtransrms}griaqup 1AL all wavelengths thereby causing

reflectify to risafhefefore, the equation for predictifig H&iFEbloring is
Ly 4

given by, 21 R1- Ril -D'BEXP Equation 2.6, where, Fxp -aa Exp B = ~e
AfterBleaching / B BeforeBleaching)EgUatiOn 2.7, where Bhfaigcthe. 3.

specifi . function caysed,b ea%gig , aBefo;RBteaehin
is the |%€£%a‘%%%‘lﬁgi%%ﬁgﬁé‘#%tgﬁé%ic%??ﬁ?e%i%%‘ﬁe e ap By SSHOBcR e
pefotschddadditivafaaused by the bleaching material, aAfterBleach,ng is
the absorbing characteristics of the same pigments after bleaching and
Exp is fAebleachig’exponent. Exp is dependent on the n ﬁ%lﬁgﬁliﬁ 4

e

pigment concentrations which are exposed to the bleaching mical
reacti&%l?ﬁefg?ﬁ?y substitution of the terms of equation 2.3 with R, of

equation 2.2 and D of equation 2.4 into equation 2.2 gives,

R,=R.D

Equation 2.5

It should be poted that the exponents for the light absorption of the
natural pigments and previous dyes in the hair have been omitted from equation
2.2 and 2.3. Nevertheless, the light absorbing characteristics of the exponents
are included in equation 2.5 as the measured initial reflectance spectrum
includes the light absorbing characteristics due to these exponents. The new
color exponent is omitted from the equations, as it is assumed that the light
absorption of a dye is constant over different hair samples.

Bleaching does not add any light absorbing material to hair. However,
bleaching causes a change in the light absorption of the natural hair pigments.
This light absorption change applied to the hair pigments that are affected by
the bleaching process is represented as a change caused by replacing the
pigments from the initial phase (before the bieaching) with oxidized pigments
having a relatively higher transmission at all wavelengths thereby causing

reflectivity to rise. Therefore, the equation for predicting hair coloring is given
by.



Eumelanin). Therefore, The value of Exp varies from one hair sample to
another. The value of Exp correlates.with the total reflectance of hair at
certain wavelengths as will be described in more detail with reference to
Figs. 4 and 5. Fig. 3 is a flow chart showing how to create a model for use
with theirst apprgachop Fig. 2. The dye and bl%a@gﬁgggt | change
functions’need to be isolated for each hair color tréatment (fube)
separately. First, several hair samples are taken (block 36). Then, the hair
samples have their initial reflectance spectra (R;) measured (block 38).
Then, the hair samples are colored using the same hair color treatment

(tube) (blogk:40). After th mples_have b colored, the reflectanc
s%ectrum 131%2{3?\351 ‘zréﬁ?%%r%leacgpﬁzm qztl??ilonez.’?,

eac thée samples’is measured again (bloc
Then, the spectral change function multiple for each hair, D BLXP , is

d&ttihed!fdre ABFCHAr REHBISBY ShVIIAYORIBY L. Phe!iBle S friticeaiine
is the %%{{%695{&% t&%&g‘@%@%& ! ?He%ﬁ%%gé%?ggé%%‘%eﬁ o *’f‘e%‘n '?Féggé %%gthteo oxidation

n
)
eviously ei?pose 0 a relativ Ing treatme ou

caused 4Oy MIRUEES)- QL tﬁiﬁﬁrﬁ}{io@és}% ighly bleached i, sampletBeRatufl the same

pigments that participate in the Teacghing chemical reaction during the

pigmegolafisgtieatinentaderaxhiaustebgiamtochaaatorifgtieatepeifient on the natural
Therefore, the bleaching ??xponent ap roa(gm eryz Theéefore, the
k3 g’é’f

hair PIgRREHRERGR O h& Ristt Wb 2619876963 B GERRIGEL e (mainly

Eumel AU E0hRYCIBE: COIRI NGRS 0CSS ISamai ihs elush toHie FAyerRIgM@Mther. The value of
Therefore, for this previously highly bleached hair sample, Rl _ D B Exp

Exp copgipied) WP e 4016h TSI CTsfe RO 5D et el THERY eSO iR deseribed in

more d&BXkagtesk iy Rviding S she dinal reflectance spectrum by the initial
reflectance spectrum for the previously highly bleached hair sample

(BI8CR 4. TR tRBOAVBEaBR b HTE At R AR ER MatlbHerisolegroach of
Fig. Z.Df}%gé'ye E‘?{dﬂﬂi%ﬁss&%ﬁ‘iﬁﬁﬂé@, Ry dhedye-spastidl change IIPEHON hair color

calculated above in block 44, gives an average bleaching spectral change
treatmegh ¢hidg (Iseaeaaely. First, several hair samples are taken (block 36). Then, the hair

samples have their initial reflectance spectra {R,) measured {block 38). Then, the hair samples

are colored using the same hair color freatment (tube) (biock 40). After the samples have been

colored, the reflectance spectrum (R, ) of each of the samples is measured again (block 42).

Then, the spectral change function muitiple for each hair, D-B™ | is determined for each hair
sample by dividing Ry by Ri. The sample of initial hairs (before the coloring) includes at least
one hair sample that was previously exposed to a relatively long bleaching treatment (about 30
to 40 minutes). For this previously highly bieached hair sample. the natural pigments that
participate in the bleaching chemical reaction during the coloring treatment are exhausted prior
to the coloring treatment. Therefore, the bleaching exponent approaches zero. Therefore, the

spectral change of the hair
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10 This average bleaching spectral change function is equal to B powered
to some exponent. Nevertheless, as Exp is determined in relation to this
average bleaching spectral change function (see below), the average
welegiiPigSpectral change function calculated here is usedHoF /B #§06/60021¢
‘equations 1.1 and 1 .2, As described?@bove, the bleaching exponent, Exp
is correlated with the 15 initial total reflectance of the hair. The reason for

is.is: that.] ' iously.col the total reflect IS,
e e TGt

By thirpeeaieubly mght sbissehes! fazirtbariéaching chemical reaction and

thereforg those pigments affect the bleaching exponent. The method for

finding the eorfalag@f Burve &2 clofs. 20 First, the total regneé:tance for

L. . . ugilon .
each. of the initial hair samples is calculated from the Thitial reflectance

spectrgpeafsachisamplasthen oL eachhalisamples he hesk Weashing

exponent is computed iteratively using equation 1.1 (block 48). The initial

Hisd fingl refitecianee sipseiramaby dhenimBaburdcnianes stagsiofnbldoksthe
g apdd2 nieaReCiuRieOuRs dgigeTGd N he step of block 44. B 25

was detérmined in the step of blo . Reference is now also made to

Fig. 4, Nikidinis thgraphagbtofahecfiectaricshagginftctialumoliipies, . B>

I ' tf tural hai les f ith the fj
e B S P
tletdoeiinéd atiove 40 thehigadiingexponerisdorhputediimtto3 e ab).
gg)ck 48 in (g%er q find a fungtign that represents the exponent as a WO

BetteEss 8087500 S 14 S R B £ R4l Rstiered to some

seflestancaNdleakdBys |t 48 sEep fionadiigndndat therdierphing expoReRhes
varies substantially linearly with total initial reflectance. Reference is now

CERIREHBCET iR L stipo s diciense discavarraadtisarking spestral
Slaashing xpeenuiataraeusidyed RisaRiesior. pagewth the

first aprgsro(?ecsré of Fig. 2. Previously dyed hair samples react the )
ribed above, the bleaching exponent, Exp is correlated with the
initial total reflectance of the hair. The reason for this is that in natural hair (not
previously colored), the total reflectance is determined mainly by the dark
pigment (Eumelanin) concentration. Those pigments are the main substrate for
the bleaching chemical reaction and therefore those pigments affect the
bieaching exponent. The method for finding the correlation curve is as follows.
First, the total reflectance for each of the initial hair samples is calculated from
the initial reflectance spectrum of each sample. Then, for each hair sample, the
best bleaching exponent is computed iteratively using equation 1.1 (block 48).
‘The initial and final reflectance spectra have been measured in the steps of
blocks 38 and 42, respectively. D was determined in the siep of block 44. B
was determined in the step of block 46. |
Reference is now also made to Fig. 4, which is a graph of total
reflectance against a value of the bleaching exponent for natural hair samples
for use with the first approach of Fig. 2. The next step is to match-the initial
total reflectances determined above to the bleaching exponents computed in the

step of block 48 in order to find a function that represents the exponent as a
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same way as natural hair samples, except that the previous dye affects
the hair reflectivity which causes a disorder in the correlation between the
bleaching exponent and the initial total reflectance. However, it is found

- WihatiwogB4rtificial colors mainly affect the red side of the hdi€sgbdtberfinez16

which is the 10 most reflective. Thergfore, by avoiding this range so as to
determine the relationship between the bleaching exponent and the initial

R 1B0 A D O SOHBAIGS Ao SD Il Begic G e dgddne
HhathalguWabogtheiniial satatanciitictéinentisng 38 40i6R bineflernaiass

range is only needed for predicting the 15 correct bleaching exponent for
a spedMEHERCEdmPRY CHA%e e biga hﬂ&%&ﬁe&?ﬁ@&%&ﬂ%ﬁnéﬁﬁﬁt&m

drgdigtionnhihe inalyrieriapea spRatudy israssmeddarihe fubhiasgeor
of 380 to 750 nanometers. It should also be noted that the bleaching effect

ueh SrEbiche s edpRrch ehBifer andrrudeusiio dird thals fnBisachng the
gliretifoy natuialbaiiaAS AndRicsulidnedieashipa-GnRnNRt f0fects the hair

previously dyed hair is smaller compared to natural hair. Therefore an
tiefheciiiviy Whisle prostetioioideTie b forelpipR AR SSRoRsUSAFaching
S ook R GRI YAl e cpisueted el IRIREHNGE most
spectrum. Therefore, using the step of block 50, the bleaching exponent,
S osalo 8ol maindy foffestythairsshuiphe sbrthephriicakackaimesibich is the
treatment. Refer. is now. made.to Fig ich i I :
e e e e G R MR 5 387l e tne
Refdoenltl ibriowamatie foleRijiTe whishisia saintile bieachinabpetgalance

ety DA S T L
uafyBdorlinemily withaanel¢nghlounW G2006/0 8183 1RAdHhb 20060081
G HEctante taig SR 10 625 WAmOmOtErs Fange 15 oniy Rocded 107 bredicng the
correct bleaching exponent for a specific hair sample. Once the bieaching
exponent 1§ determined, the prediction of the final reflectance spectrum is
performed for the full range of 380 to 750 nanometers.

It should also be noted that the bleaching effect for previously dyed hair
is smalier and less effective than the bleaching effect for natural hair. As a
result the bleaching exponent for previously dyed hair is smaller compared to
natural hair. Therefore an ipaccuracy in the prediction of the bleaching
exponent for previously dyved hair does not significantly affect the calculated
final reflectance spectrum.

Therefore, using the step of block 56, the bleaching exponent, Exp is
determined for any hair sample for a particular hair color treatment.

Reference is now made to Fig. ¢, which is a sample dye spectral change
function for use with the first approach of Fig. 2. Reference is now made to
Fig. 7, which is a sample bleaching spectral change component for use with the
first approach of Fig. 2. It is seen from Figs. 6 and 7 that the dye and bleaching

spectral change functions vary non-linearly with wavelength.
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. accurate predlctlon O%

determine the effect of only bleaching hair without using a dye. In
particular equation 11 does not include the dye spectral change function,
and therefore, Rf = Rz Bap Equation 2.9. 5 By way of introduction, a dye

W HedIBpapplied in accordance with the manufacturer's iR§tFUERYIGSI 3P

is applied for a particular length of tirdé. However, for bleaching, the
application time varies greatly and depends on how much bleaching is to
be per ed..Therefore, singe time | lant in, this kind of treatment
TR AR AR PR T
tetereyjuirebicdufftio robiothis bileaching paocesshdnaibiery vadedlarinpthecular

bleaching process is the oxygen.concentration used, (3%, 6%, 9% or
B e A S AT BT Ao Bt ore
isolate the gpectrghch@{geé caused by the bleaching Breaéiss 3everal hair
samples are ?éf}s.n.zT e initial recgvec,tance spectra, R" of the hair samples
are 15 THeXeURd G SR Bres TR AR PRESRIRRP R it the
pedomeddoraispeciiedimenand oxygesicscantrationihadeieciensane.
spectra, Rf of the samples are then measured again after bleaching. The

BYSEYTTof theP FRRRIAP LR ARRGCapeR A XrYSaeabr, #dsdepends on
Rewares Blsiviginghe wilssianceesrertiupaitenthe blgaching by the,

reflectance spectrum before the bleaching, 20 for each sample. This step

{aisikding & (heatinsorassariePIIigioBadUlBecBngl fomion ovis ireahed hair
RYpraqRakinatH VRt A:RGHEE f%ﬁHHﬁéim&l?f%ethﬁeQ@ﬁﬁb‘%%&8%%%” e $her

correlated with the total initial reflectance of the hair.” Therefore, the step
WGk BD tepeldarhiod woroetstrisribaurgenionsiimtbstaueencthe %, 6%,
Beachi d ofal.initial reflectance. of hajr, Once 25 thi
e A S e Bl e o
vallattatid. sestatk aboves thewdedation thithie dolelzinkinoroffests seeefiriahair

bleaching r It. Therefore theéjleachin exponent is.also.dependent on
B e e AR SR % e Sl e
greatecthelalwamptbe are then bleached. The bleaching is performed for a

specific time and oxygen concentration. The reflectance spectra, Ry of the
samples are then measured again after bleaching. The isolation of the general
bleaching spectral change function, B, is performed by dividing the reflectance
spectrum after the bleaching by the reflectance spectrum before the bleaching,
for each sample. This step is similar o the step of block 46. All the calculated

B functions are then averaged to arrive at a better result. Similarly, the

~ bleaching exponent is correlated with the total initial reflectance of the hair.

Therefore, the step of block 50 is performed to determine the relationship
between the bleaching exponent and the total initial reflectance of hair. Once
this step is performed, the bieaching exponent for any hair sample can be
calculated.

As state above, the duration of the bleaching affects the final bleaching
result. Therefore, the bleaching exponent is aiso dependent on the duration of
the bleaching. The longer the bleaching process is, the greater the value of the
bleaching exponent is. Therefore, experiments are performed using several hair

samples of different initial colors. Each sample is bieached for a short period (2
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30 bleaching exponent is. Therefore, experiments are performed using
several hair samples of different initial colors. Each sample is bleached
for a short period (2 WO 2006/090363 PCT/1L2006/000210 25to 4

WG REeR0HId then a reflectance spectrum is measured. ThePSdfB2006/60021¢

samples are then bleached for an adgitional short period of time. The
reflectance spectra are again measured. This process is repeated 7 to 10

imes for the sa hair s es. The data obtained is t used to

T R e e S5 LA A Dl SRS sl
the tlotal biitishealfeetanad difitialhmicandiiel blaasbinmnbinelesinacingatira
regression or ite(ﬂalcgv methods. Therefore, e?uation 2.9 is used to -
ﬁ‘égé%%%fﬁef%eﬁﬂg flﬁEﬁﬁé@@ﬁ%éﬁﬁﬁR‘éﬁ‘ﬁﬁi dielfd bregtrgthy sgme bair

pafjnuaenesntetiomel Maashingesolytinadona certairimmparioskilveen
should be noted that B is independent of the bleaching time and the initial

tBebiraGinectReacH-iviend e el fartielirsticeiasatrdibr bair and the
bleaghingiselitiono I ANRtheicanse Al iR RbRIRACHINg BRLERR ISR

used, the above experiments and calculations need to be repeated for the

Ascuirckrudaisrunracinnseficstanen sprglmme affivir dmaricshisashingby
ARPIORRR AR SRIH R AEW ;a&ﬁﬁg%me éa%ﬁguggﬁgr USRd. 1t

g

with the system of Fig. 1. Another way of predicting the fin ance
W opladyivehhair isdemsiedientoofitie Headpegttinctrmdgécausied tojal
efecalliec B calet BERRE. AhaRalaelenall & B DAkl Blucion
reflectance spectrum separately. As mentioned a ove, MOSt alr%lyes
Boramiitisleachiogntigtnts. Thédeabléaghmgugents atfectdifferdntthair2ove

in different wa epending on their, different pigment structure and .
A e A R B R R W S o

BHeavblagindkmide to react stronger to bleaching than blond hair with a
ntration of Eumelanjn and a higher concentratio

lower gon of .
Pheom R StEaY SAROBALE FiR ST SRPRBRE b SRSHElREA new
edtivwavelepgtliutie dairuse with the system of Fig. 1. Another way of

predicting the final reflectance spectrum of a given hair sample is to view the
spectral change caused by a specified hair color treatment at each wavelength
of the hair’s initial reflectance spectrum separately. As mentioned above, most
hair dyes contain bleaching agents. These bleaching agentis affect different hair
in different ways, depending on their different pigment structure and
concentrations. For example, dark hair with a higher concentration of
Fumelanin tends to react stronger to bleaching than blond hair with a lower
concentration of Eumelanin and a higher concentration of Pheomelanin. Since
hair pigments have different light absorbencies at each wavelength, the hair
pigment concentrations affect the hair’s reflectance at each waveiength
differently. For example, a high reflectance value at a certain wavelength can

suggest a high concentration of one pigment, while a high reflectance value at

| another wavelength can be caused by a different pigment. Therefore, the

spectral change caused by a hair dye is approximated as a function of the initial
reflectance of the hair for each wavelength. Therefore, each hair dye has a

piurality of associated spectral change functions, one spectral change function
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25 pigment concentrations affect the hair's reflectance at each wavelength
differently. For example, a high reflectance value at a certain wavelength
can suggest a high concentration of one pigment, while a high reflectance
Wbl atodidother wavelength can be caused by a different gi§iBR¢06/00021¢
Therefore, the spectral change caugéd by a hair dye is approximated as a
function of the initial 30 reflectance of the hair for each wavelength.

Therefore h hair ity of iated spec e
R e NGRS R N SR SR VR AP or o
PERETK RODGIORD 2kA1:261fH rtha chtatishe ndth<Ohna teé functienypastum is
efin{i for eea: wavel t/grth forda a;i)ecific he%jr color trgatme t thg fini

ERAHELHOR G the Al fEflSctant8 specttim s stralghtiorward. So i other ©
specas] dhagechnddppfoachdivolvedefinirgasspeaiidlibbangefungtéanh
for eagh wavelength separately and then lying each 5 spectral change

SO R AR 1 o T SRR 2 OH LT hCEice
Pedentenaetivendbrifingl refirelance fpaciaficiiheselpserthe. Sheifate, the
change functions vary over the wavelength range of the initial reflectance

SRt AR Ao ﬁ%hgwetﬂgarin@avawgéefzﬂrwﬁaaﬁag dnitial

iRk ihR 1P delgetance difference for each discrete wavelength AR, is
calculated using the appropriate spectral change function for that

waveldRgHPITHER N Himartherldsiives BIORO T paIbaMteHDy ddathghe
ogcRlGURIRHRRIREIR0CE HITTRRAGE ARy Mg MERsWediniiatyalug Othe

reflectance at that wavelength, R,z. at the predictiorf of the final hair
spaciviateviipeetcdnehaimplyfoycaiddintpd Sithe refledtanck. difierenche final

(AR2) to the measured jnitial reflectance ). This step is represented
i A o b i R B G S
gaetad BP'sdaneasbwavelonad] grcepmlatam il ardakt @ fosmermth,

final reflectance spectrum. The term "new optical value" used in the
R;. at the prediction of the final hair spectrum will be done simply by adding

the reflectance difference (AR, ) to the measured initial reflectance (R, ). This

step is represented by the following equation,

R, =R, +AR,

Equation 3.1.

Then all the calculated Rpz's for each wavelength are accumulated in order
to form a final reflectance spectrum. The term “new optical value™ used in the
appended claims is defined herein to include a calculated reflectance or
absorbency value and a calculated absorbency or reflectance difference of the
hair. The term “initial optical value” used in the appended claims is defined
herein to include the measured initial value of reflectance at a wavelength, Bj;
and an initial absorbency value of the hair at a wavelength.

As described with reference to the first approach of Figs. 2 to 7, the
change caused to the reflectance spectrum of the hair by coloring with a
mixture of dyes is a combination of the speciral changes of each dye in the

mixture. Therefore, prediction of the final color of hair that is colored with a
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20 appended claims is defined herein to include a calculated reflectance
or absorbency value and a calculated absorbency or reflectance
difference of the hair. The term "initial optical value" used in the
Wappemaeddlaims is defined herein to include the measuredPiRIBI208GHI80BFC
reflectance at a wavelength, Ru andan initial absorbency value of the
hair at a wavelength. 25 As described with reference to the first approach
of Figs. 2 to 7, the change caused to the reflectance spectrum of the hair
TBXERIE S NRES ARG YRS 1s L amBiiRitioRAsEtReetp &t fayen bY the
ﬁmmﬁﬁ ef8aghdye in the mixture. Therefore, prediction of the final color
of hair that'is colored with a WO 2006/090363 PCT/11L2006/000210 27
mixtureypf calor, Rolo q a{?{colo}@, for a certain wavelength is given by
the followjng egua.ﬁg 'l nf2 SKAfL, )a (Af2~ 1b EqdEisiion? dhere Rf2
is the final reflectance value at wavelength ? after coloring 5 with the

color riReIFe R, isaihg fing spleranrmidte chmaasbnaiayve afgtheolaing
wmadale %ﬁ’&eﬁ‘ﬂ&&@fﬁf% QL gaimenhse pAR R ARShRRNM RATE A8 ). as

relative concentrations of the first and second hair color treatment, .
meswjsded sty catheheiorenlan beatrbgnd sintisivl Egodiiomsl2bsitefiedcdiive
sieflecipnce atercploring at g, 10 serpinwiavelanaisanker
ée%%?é&:%%%oén Beer's I%v% as, Rf2. = R?' eaaA Equation 3.3, v’vheré e-'fAb/?s}
‘Thesfectratdrahgeycdisetidy the hair color treatment. Substituting for
Rp in equation using equation 3,1 gives, the -followin uation, a +
ARz T e b e B A S O T
coiais thevetigitithadispectkatacted from Beer's law as,

-
R fr R;‘A e Equation 3.3,
where e™* 1s the spectral change caused by the hair color treatment.
Substituting for R, in equation 3.3 using equation 3.1 gives, the
following equation,
R +AR,
. )
R Equation 3.4.

i

g =

When coloring with a mixture of two colors the additional spectral

change caused by both colors is described by,

e PR @, \b )
Rfi = Ri,l (e ) e ) Equation 3.5,
where gand bare the relative concentrations of hair color treatment 1

and hair color treatment 2, respectively.

Substituting e™ of equation 3.5 by the right hand side of the equation

of equation 3.4 gives,

R, +AR; ’ /Rf/_ +AR, '
sz =Rf&‘ R " L ‘ I Equation 3.6,

i 1]
where AR, andAR,, are the reflectance differences for the first hair

color treatment and the second hair color freatment as calculated for each hair
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change caused by both colors is described by, R f2 = Rix .(,-a,,, ) a - (e
a24 )6 Equation 3.5, where a and b are the relative concentrations of hair
color treatment 1. 20 and hair color treatment 2, respectively. Substituting
wWe-wsfegigation 3.5 by the right hand side of the equation dR&guiafier 3110
gives, R. +AR, Q R;, +AR2 R A =R E§juation 3.6, R Ix Iz where AR,a
andAR22 are the reflectance differences for the first hair 25 color

treatment and the second hair golor. treatment as calculated.for e |
g R S e T et R
retpectiveids assuming no mixture of colors), respectively. Since a+b=1,
Rd,.z=.(R.z+4R,, )" .(R'z. + AR,z Equation 3.7. 5 Therefore, substituting
in equai ﬁ§.‘7fﬁ§i;1g equation 3.1, gives Rf=(Rf )(Rf)I' Equation3.8.
Equations 3.1 and 3.8 are typically ysegsto calculate a new reflectance
spectrdiy & a&;ir*éc@&pl}ti af ?iﬁ&%ﬁ;jgl reflectancesprebwor-and a
hypothetical hair treatment. However, it will be appreciated by those .
ordinabiprafpeskitebstifstiasin emadgiatioris B ¢HB® Sah BEESed to
determine a hypatheti al(?air treatment as a direct function of an initial
reflectancé ‘epec ru'r#gdu a desired final reerctanc@@B@%%%gBoth these

methods are described below. The first method is {or calculating a_ new
reflectgﬂﬁétwéc%r&rﬁ%é'goaée typically used to calculate a new reflectance

spectrum as a direct function of an initial reflectance spectrum and a
hypothetical hair treatment. However, it will be appreciated by those ordinarily
skilled in the art that equations 3.1 and 3.8 can be used tc détermine a
hypothetical hair treatment as a direct function of an imitial reflectance
spectrum and a desired final reflectance spectrum. Both these methods are
described below.

The first method is for calculating a new reflectance spectrum due to a
hypothetical hair treatment as a direct function of an initial reflectance
spectrum. First, an initial reflectance spectrum is measured by
spectrophotometer 14 (block 52). Second, processor 16 receives the initial
reflectance spectrum, having a wavelength range, as an input. Third, at least
one hypothetical hair treatment is selected having associated spectral change
functions (block 54). Fourth, the final reflectance for each wavelength is
calculated. If a mixture of hair color treatments is used, the final reflectance at
each wavelength is calculated separately for each hair color tréatment
(block 536). Next, if a mixiure of hair color treatments is used, the calculated
reflectance values are apportioned using equation 3.8, for each wavelength
(block 58). Finally, a new reflectance spectrum is formed from the calculated
final reflectance values (block 60). It is seen that the new spectrum is a
substantially non-additive function of the hair treatment and the imitial

reflectance spectrum.
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15 hypothetical hair treatment as a direct function of an initial reflectance
spectrum. First, an initial reflectance spectrum is measured by
spectrophotometer 14 (block 52). Second, processor 16 receives the initial

wieflegraridesspectrum, having a wavelength range, as an inpRtIEhAgsA00210

least one hypothetical hair treatmertgs selected having associated
spectral change 20 functions (block 54). Fourth, the final reflectance for

each wavelength is calculated. If a mixture of hajr color treatments is .
Caad, 16 TTES TR JUEOR 0 Gk RS OAERG i ERa B afolg P
fachifaisCalomxeatRertialockRb)riexnd a mixtee eflathseiomectrum.

treatments js used, the calculated reflectance values are apportioned

iy ayuBiRA Sal96iRGE RRRBIBhth PSHBEk 38). BRRGPRORRReter 14

-(ﬁ%ﬁta%g?e spesHE MmN oractiesalgidalsiidinal fefgaian %i?yectmm,

values (block 60). It is seen that the newisgectrum is a substantia

hfogdamivecigRatibFRBEth sl BTG A sd daf senesrsrestrum is
SHEGEH LIV #5(16{R903 63 P Gi-2906/0002k0, %&:&Eﬁ?eﬁ%?&{li@ metheds

is for calculating a hair tréatment as a direct function of an initia

t@r@@faﬁn@lsﬁéh%ﬁmc&r@acamwa&mfaﬁd@g}%@&@ﬂﬁmiEstl, andrial- 8.
*ﬂéeﬁf%'i‘%@e%&%%e@&&g&‘?@é‘ééeﬁé:’.&%ﬂ:‘éﬁt%%ﬁ@{%%t e%éu&ﬁ'%%ﬁ?%kiose

Secon ocessor 16 recelves the initial reflectance spectrum, 5 having a

mateblenfthndnfeisayecedspetypiiedlyasmesirativieflostasicn spdetrimréduce

selected é lock 62). Finall fO{ avgilable haér coIO{ tretatm%nts an .
TOCCSSmE tme. KHS seenl ?ﬁa% he determmed b JeAtent 1 a3 stz%nnaliy

IXtures=theréof, final réflectance spectra are calCulated using equations

Rob-additr3. 8unthierfinaf dheciratae cxfinpared: taphetdesireddeftectdndecd

sfgfct um until a close match is found. This process is typically an

itérs Qcﬁr?)%%%guﬁ?‘order to reduce 10 processing time. It is seen that the

deternRegddiais ireetmentid acsHistantialyl omraddikve flonctibarofitbering
oW 10 oreate. 8 mode] Tor se with The second approach of e, . Fig. 10 is a
graph of reflectance difference against initial reflectance for one wavelength
for a sample of hairs for use with the second approach of Fig. 8. The steps for
constructing this model are as follows. First, several hair samples are taken
{block 66). Second, the initial refiectance spectrum of each sample is measured
using system 1€ (block 68). Third, cach sample is colored with the same
specific hair color treatment (block 76). Fourth, the final reflectance spectrum
of each sample is measured using system 10 (block 72). Finally, for a discrete
wavelength of the measured final reflectance specira, the initial reflectance of

the samples at that wavelength, K, is plotted against the refiectance differences

between the final colored hair samples and the initial hair samples at the same
wavelength (AR, = R, — R, }(Fig. 10}. A regression function is found that best
describes the reflectance difference AR, as a function of the initial reflectance

Ry, for example, but not limited to using a least squares method for best fitting
a 2™ order polynomial function to the reflectance values (block 74). The siep of
block 74 is repeated for all wavelengths. The above method gives a spectral

change function for each wavelength for a specific hair color method. The
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Reference is now made to Figs. 9 and 10. Fig. 9 is a flow chart showing
how to create a model for use with the second approach of Fig. 8. Fig. 10
is a 15 graph of reflectance difference against initial reflectance for one
wWR0edenes for a sample of hairs for use with the second appFdatRoH FigR10
8. The steps for constructing this médel are as follows. First, several hair
samples are taken (block 66). Second, the initial reflectance spectrum of

ﬁﬁSﬁ%?%rgPé?iife e rﬁﬁtﬂ*%@aﬁ%ﬁ?@‘. 11%3'%% %@a@%{&@@@?@%@%

Is col with the same 20 specific hair color treatment
Bhuetetbe FigaBreflectance spectrum of each sample is measured using

system 10 (black 72)..Finally f iscrete ,wayelength of the.measur i
final re g%tasﬁggl%%ie)g&%?%?e ﬁ%ﬁ%ﬁ%ﬁé’g é?rlllclg oﬁ%hgggar@% e‘glglgth %%a(ﬁg ©
fawelength, R;2, is plotted against the reflectance differences between

the final colored hair samples and the initial hair Sa%s at t?ge same 25

Wavelé}‘fbtﬁ_ tarti=h F«AKR,*)“(Fig. 10). A regression @H&’ﬁ S?f)ur_1d_ that
best dggsgrbes th ecaegggtgt%}gs%glge@r}ﬁg @éRregﬁ&f%ﬁék?&oﬁ&eé@f{@&es
reflectance R, forexample. but not limited to Using a least squares

mether faehestaiiding it 2ekatescpalyp aimfel duostion tpibEiteHactanesh.
values (block 74). The step of block 74 is regg)ated for all wavelengths.

The aBS¥FREBIGVe B aKHELE# 3blcliah dloTfiish Top Bifgh steps in the

vaienaih feramsneciicthaircaiasmethodode W LR06[98363air color
CTHL2006/000210 30 functions are then used with equations 3.1 and

faomnad srisetite @ BpevEbinhaisrepdorse Wocly76) Edeh gikstaicenargdra of
tggzsﬂmeomlwe&taﬁefsawﬁw@ag TGS Re R AR AR P IR Each

Equation 3.9, where aa,bA,c,i are tonstants of the regreSsion function
nitaiencsl aessithmimititioe Ainptiieck inithrtes eafiactan duadithsembe wics the

r%ﬁ%&%}%%%@ﬁ%%ﬁ?g&%%@ B8 RAOMEBIBIRCFta iy BV The
displaying of a color on a monitor based upon a reflectance spectrum is known
in the art. It will be apparent to those skilied in the art that the desired colors
could be printed on a card or be represented as swatches of dyed hair.
Therefore, each of the available colors has a known reflectance spéctrum.
Second, an initial reflectance specirum of the customer’s hair is measured by
system 1¢ (block 78). Third, processor 16 performs calculations based upon
hypothetical hair color treatiments, including dyeing and/or bleaching as well as
mixing two or more dyes, in order to determine a hair color treatment which
results in a final reflectance spectrum which is as close as possible to the
reflectance spectrum of the desired color. Methods for performing these
calculations have been described above with reference to Figs. 2 and 8. In this
step, processor 16 calculates a new reflectance spectrum due to a hjfpothcticai
hair color treatment (block 88). This new reflectance spectrum is then
compared with the refiectance spectrum of the desired color by subtraction or
division of the new reflectance spectrum and the reflectance spectrum of the
desired color. Processor 16 then performs many iterative calculations until the

difference between the new reflectance spectrum and the desired reflectance
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operation of system 10 of Fig. 1. First, a customer chooses a desired hair

color 10 from a selection of possible hair colors (block 76). The

reflectance spectra of the possible hair colors are determined by
Vieaged¥ent using system 10. Each reflectance spectrumB§tHeat6/000210

inputted into processor 16. Processatll6 uses the reflectance spectra to

recreate the actual color for displaying on a monitor. The displaying of a

a itor. hased.upon a r rUm.is: i
iR P R R
woaildihe printeshlon dreanstentbdbbpre &ntelh ascomataies viitlyeu hdicrnate
Tnsrelore, each of tne ayailaple colors fas a kngwn reflectance Specii
econd. an |nit|a? Rfiedtance spectrum of the clUStoRar's hait 1S measured
byodysteroriith@ntopkeF@)tatiuing , forosemapicl GipariGin preatautationslhaseew

upon 20 hypothetical hair colgr treatments, including dyeing and/or .. . .
B AL SHEY o RPRRS O vt B B S SRS el
geiociepkrahtovlickoles Wisidiadioarisfieciaose speclosirydichirisdsr. It
clgse as possible to the reflectance spectrum of the desired color, .

VARSI ROF SR8 1S OESIBE oAl o LM bt csolor
withreierens & todeigtmnaf ddiHBuhis20 5t Re RHRCASSMErhEntRIgEIRIRS Aive
new reflectance spectrum due to a hypothetical hair color treatment

tBlseleons THBIReH FEnRE MG b RRTFOTAEN ESmPRIFRERHNG thedesired
tpllasiangg.speciiatsh i desired ¢elah RS ulinastiaR Orssivisien ahihehe

new reflectance spectrum and the reflectance spectrum of the desired

detsedriveb sebeasneroppserBimd htaissiteratiectalceiansndutierdssdien

Aissance Rehvegn the.new reflsriangs speatumeand he esliednair color

retflectance WO 20067090363 PCT1IL2006/000210 31. spectrum is

praaimingsl, ajide mikticondhraiaed’ ahthedesraonigrongss dhd thipsaviaitabieh.
air color jreatments_(block 82). In;acgordance wit Q%E%t

Elr‘%%sg %eiget oﬁ%}é f):r;'geﬁs;léiriatt%Eljr%veahti(I;i?r}‘?1 ’a hegﬁgcéﬁg\%&ga?r%o#or IS rg%ar%%den% .

asiigatwolof teocthnete preskntalitortrdemexamitlch am Rk GBnmedeibtdtidnhe

ggs?rgg\?{air color is a natural hair color, then dyeing using synthetic dyes may

~ not be needed, bleaching may be enough. Likewise, if a customer has light

colored hair, additional bleaching may not be necessary to achieve the desired
color. Then, after processor 16 has completed the iteraiive calculations,
processor 16 outputs data for displaying a selected number of possible final
hair colors on user interface 18 (block 84). This displayving is either, based
upon the refiectance spectrum of the final hair coloz, or the color coordinate
presentation of the final hair color. The possible final hair colors generally
inciude the closest match to the desired hair color as well as several other
colors, which are a set gap from the desired color. The set gap can be preset by
the hairdresser. Then, the customer chooses one of the available final hair
colors (block 86). Then, processor 16 outputs data of hair color treatment
instructions of the chosen final hair color (which was one of the hypothetical
hair color treatments used in the step of block 8¢) to a device, typically the
display of user interface 18, thereby informing the hairdresser of the required

bleaching concentrations and bieaching time and/or dye(s) needed to achieve
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5 reflectance spectrum is converted to a color coordinate presentation

which is then compared to the color coordinate presentation of the

desired hair color. It will be appreciated by those ordinarily skilled in the
WArEHRE®349air color treatment can be determined without petfGrhatgotes210

abovementioned iterative calculatioAg. This alternate method is

performed by calculating a desired 10 spectral change function based on

bt A ot : ) -
R A e S R b
thisarge thaictiorisadf e matiainie hdie dedardteestmehitsvlinch mixtisesto use,
thereof in.arder {0 determine the closest match, Processer 16.the -

PR TRUlE ST IR AARERAE Ll BRI ML piine
aesestrhaichicolarsteatenix és shoulgebembtedihathitthiordesmedib@inse

colgr is a natural hair colgr, then dyeing using synthetic dyes may nqt b
eSS ) B ARG LR R AR CEREr G RS the
legilored Hairragditanakl€abiih@Mahon bepirerdBant thiackiaue dieps of
desired_ color, Then, after processor, 16 has completed the, iterative ,
Rlaettafitrs, 88 af&&éb?@eﬂaﬁtsa@ 16E pﬁﬁ%&adggr@&éa achieve
enbaratRessikladinauhaiiseles omuse i NgeReeid B4blo heBiblnldiS the

displaying is either, based upon the reflectance spectrum of the final hair

Risicsrtha vl dhe duingiBe prednttidrooP R RGP HEFesfof Piack 94)- It
Rossiflefipalbaircolersgengirly indidehacioseslmatehith@sing the

desired hair color as well as several other 25 colors, which are a set gap

pehnohecy <l By eoRserT Havsatigapeanaseible skengxaediithecaeye steps
%1%9f}lgﬁgﬁe%ﬁﬁ%ehPQO{?ﬁf‘éé}ﬂeo?&éP.e&M%['%HLB dnabhrir SRlarsblatkn o

. processor 16 outputs data of hair color treatment instructions
oiheeclbdenirfendbhalkaotsripsitionvis ose of theppbehdticayithaiti Betong
reatments used in the.ste block 8 evice, typicall 30
%%%?%rigf L%%llg Thter aﬁéleaﬁfg?@%érgéi ir?%%?%%%th%%ﬁla%rdprﬁésé}gﬁt et W
neguiped ilebeHimgdovicenimtiofis anchbidablingdimiel anigir. gl sjustomer

&%%dgg(}gsgg haieggixw é)yg %&Q@(? 00%6?{hgccys|;|5%9gg/%%%]lgair colors without
processor 16 performing any comparisons with a desired hair color.

It will be undersiood that the system according to the invention may be a
suitably programmed computer. Likewise, the invention contemplates a
computer program being readable by a computer for executing the method of
the invention. The invention further contemplates a machine-readable memory
tangibly embodying a program of instrucﬁons executable by the machine for
executing the method of the invention.

All publications, patenis and patent applications mentioned in this
specification are herein incorporated in their entirety by reference into the
specification, to the same extent as if each individual publication, patent or
patent application was specifically and mdividually indicated to be
incorporated herein by reference. In addition, citation or identification of any
reference in this application shall not be construed as an admission that such

reference is available ag prior art to the present invention.



32 the chosen color (block 88). It will be appreciated by those ordinarily
skilled in the art that instead of informing the hairdresser of which dye(s)
to use, processor 16 could send data to an automated color (dye and/or
WoleaNMiding device which dispenses and mixes the dyeF&Adigfve/000210
bleaches for immediate use 5 by thé-hairdresser. Next, if bleaching is
required, the hairdresser bleaches the hair for the required time (block

90). Then;PRiionalyaiihis Yaosesians aliklacks 7Rta88mublackB0sent

are performed again, before dyeing to achieve more accurate dyeing .
inreeniiienlisera) [mitas, ooyding ke &erp pRarsiTHEelstHE o drad Lasayibed

B8 00 3057 et e ek o o

apparent to those s ]
cteghimaiGoysof ahe prebepntiiviaationsar@otiubleaForexdpspretheataied
hSIERRDAY B8 REUNG:Bn IR SALBIHERHOIR0 IR FUBHAIIRE OV RE:
given a” number of hair color choices based on the use of a specific dye
pyiish differinighbleashingetimes: Additionaililitk oushenret cool madingnie
on user 15 interface 18 the final hair colors for each of the available dyes.
’f@ﬁ?&%ﬂ& MEPRAA chooses a hair dye based on the displayed final hair
colors without processor 16 performing any comparisons with a desired
hair color. It will be understood that the system according to the invention
may be a suitably programmed computer. Likewise, the invention
contemplates a 20 computer program being readable by a computer for
executing the method of the invention. The invention further contemplates
a machine-readable memory tangibly embodying a program of
instructions executable by the machine for executing the method of the
invention. All publications, patents and patent applications mentioned in
this 25 specification are herein incorporated in their entirety by reference
into the specification, to the same extent as if each individual publication,
patent or patent application was specifically and individually indicated to
be
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incorporated herein by reference. In addition, citation or identification of

any reference in this application shafl not be construed as an admission

that such 30 reference is available as prior art to the present invention.

WO 2006/090 PCT/IL2006/000210 33 It will be appreciated by

£ HedaRe-aR:that the present invention is not limited to what

has been partlcularly shown and described hereinabove. Rather, the

scope of the present invention includes both combinations and

subvesmidinativersnotitrehaar e featrssdeeuHbisd s  Hepetaaisoveoaisawel for:

Fariplons Ancmadiieaanaineieof thabars fokin e sprol %Muﬁbmmn 2

would occur t persons ski in the art upon reading the foregoin

descrigtion r3kaWHAT IS CLAIMED IS: A system for determining hair

color tr atment, comprisin ce onfi ure (i) receivin

néu?aﬁ TRl aqegpeg? ‘gﬁ%r%f%af sﬁr@% €eo Sc?olh;%lr sg%plnma sar.l)ell)léltlrru%) ﬁ%vf%gnéem e

wiaveldngthaandeaid i caldulatingua neswdsipecirai: of saickhaiodyeisma a first hair

hcy othetical hair color tr atrgﬂlentfasta fjltrect functl n of salddln tI ial | shectrum or a
P IRREER ﬁsﬁf?céaotlor treduent comprising a fir hai?ragolgr tréatment

agsocisiackWiinadirstielative:ao mm@aﬂmmﬂdmﬂmmtmmadr witfirst second

spectral change function, and a second color treatment associated gl

BEHA ST EE e B AT P BCLBED S BETH T T LGB et th

spestiahehangafnction, theceeteningion conMpHsHgeReelal of the first and

multiplication and apportlonlng of the first and_ second spectra or the first

ARESECHT EDEEHH SREnYK RTINS EEBI GRS HEHRES i EREeety e fies

relative Goncentkations-aRa i oatputting data to a device. said data
being based upon said step of calculating. 2. The system of claim 1,

(i) forIRSFEEABHRSING deapctitit HiHaRHBE BaTHLLPER Taid BrotRichil waine

)

initial spectrum.

The system of claim 1. further comprising a spectrum analyzer configured for

producing said initial spectrum.

"
.

The system of claim 1, further comprising a display device configured for displaying a

color based on said data.

4.

The system of claim 1, further comprising a display device configured for displayving

hair color treatment instructions based on said data.

~
-
(O

The system of claim 1, further comprising & color mixing device configured for

dispensing a hair color treatment based on said data.

6.

The system of claim 1. wherein said processor 1s further configured for determining a

treatment for said hair that gives said hair a desired spectrum.

The system of claim 1. wherein said direct function is substantially non-additive.



3. The system of claim 1, further comprising a display device configured

for displaying a color based on said data. 4. The system of claim 1,

further comprising a display device configured for displaying hair color
wtedtisieBistructions based on said data. S. The system offglaiFhrofapreno

comprising a color mixing device cagdigured for dispensing a hair color

treatment based on said data. 6. The system of claim 1. wherein said

processor is further configured for determining a treatment for said hair
Sthat g’i(fé% SHEHHir Q%e 84 pe&%\fﬁ?ﬁ?. ‘f'ﬁ%s %ﬂ#%f%lﬁ? 1 P§rarmRd

bgaéﬂlgﬁlﬁﬁhfg' REfIPAd Sybstantialhaboraalitively WO s30061a8038ctrum by
CT/1L2006/000210 35 8. The system of claim 1, wherein said
acHIeaiRifi e FeftorRiice Wem&wm&‘&&ﬂ%éwgseeﬁf&m%aaéé@%ﬁpwml

e wiRe:Rad infiakspestimm huvaisheairakahange function over said
wavelength range; a value of said spectral change function varying over
said wavelength range. 9. The system of claim 8, wherein said spectral

¢changg fu %%% CPPL@%S' 8%&‘% %ﬁﬂ%ﬁ%‘%’ gaa%g;%&?gﬂ RARESL AR includes a

bleaching aid hy air color treatment. 10. The system
sptcteiincBangeecomsaidisphctrtd eHangehtompineine fssald pumgehetiqadinar
r fle%'ga ce o{ said hair. 11. The system of claim 9, wherein said spectral
Céi%%é%%&}%} on also includes a spectral change component due to a
dyeing effect of said hypothetical hair color treatment. 12. The system of

~ claim 1, wherein said calculating includes: (i) for each of a plurality of )
_kﬂscre@%é@’éf@ﬁgtﬁg AR Sait eIt igth SRasgE! cﬁéﬂéﬁiﬁﬁ’gyﬁ%m 15

&%@ﬁﬁgﬁ@ﬁiﬁ)f% saifkhairdonppgPhsaid discrete wavelengths as a
function of ‘an initial optical value of said hair at said one discrete

wavelength, thereby giving a set of new optical ,
11.  The system of claim 9, wherein said spectral change function also
includes a spectral change component due to a dyeing effect of said

hypothetical hair color treatment.

12.  The system of claim 1, wherein said calculating includes:

(iy  for each of a plurality of discrete wavelengths within said wavelength
range, calculating a new optical value for said hair for ome of said
discrete wavelengths as a function of an initial optical value of said hair
at said one discrete wavelength, thereby giving a set of new optical
values for said hair; and

(ii)  forming said new spectrum from said set of new optical values.

13.  The system of claim 12, wherein said function of said initial optical

value varies over said wavelength range.

14, A system for determining hair color treatment, comprising a processor

configured for:



values for said hair; and (ii) forming said new spectrum from said set of
new optical values. 13. The system &f claim 12, wherein said function of
said initial optical value varies over said wavelength range. 14. A system
, for determining hair color treatment, comprising a processor. configured ,
0 feoREng AReRaNARG HEUADTRESH iR ALSHERRIG R T sspie! Gt HRirSuiy having 2
iniialisResiruAyhaving a wavelength range; (i) determining a hair color
N treatment for said hair as a direct function of said initial spectrumanda
(i) fetgradpec dtiiordarn FarSaidiRRIFEE I difediniehiteaniBrding £ riratd inital
haieolpr fratment-associated withadirstirelative,epnceniration,apd @ disising o
spectrum or a first spectral change function. and a second color treatment
gsbdiatedOIth B EEESHIRFEREEVE CORER ntr dtish, Talel & setbistspisrgns a first
%@cﬁ%&?%@ ﬁpﬁﬁ%l)gﬁ?ﬂ%aﬂ&cmtﬁg@ %ﬁ@g‘yé&%”c%%m%{é%k%m associated
spectral multiplication and appaortioning of the first and second spectra or
thethirs senve Sedontespechal dirihgaduntions aeeurdingte tvetitspasiga! change
relati tions:. and. (i . . . d i
T M Ao of
Hrsfuntiderecondpsisicigreaos plec thnsh axabpzeneonfigure diforzpronoing saidrding to
e} spectrum. 0. The SYslem L slaim. 1, furher comprising a display
evice configured for displaying hair color treatment instructions based on
i) sakbdatag #FtaTthe systemsefdctaimmntddn furtkat cponprisingea cOlatanixingg.
device configured for dispensing a hair color treatment based on said
data. 18. The system of claim 14. wherein said function is substantially
npRadditive. 49.cI1g, SystetHatclaimidswherein sajd etermininGeonfigured for
includes: calculating a spectral change function by dividing said desired
producspeeidrinBipsHEcHal spectrum over said wavelength range; and
determining said treatment from said spectral change function.

1

L2

16 The system of claim 14, further comprising a display device configured for displaying

hair color treatment instructions based on said data.

17 The system of claim 14. further comprising a color mixing device configured for

dispensing a hair color treatiment based on said data.

18, The system of claim 14, wherein said function is substantially non-additive.

19. The system of claim 14, wherein said determining includes: calculating a spectral
change function by dividing said desired spectrum by said inital spectrum over said

wavelength range; and determining said treatment from said spectral change function,

20. The system of claim 19, wherein said spectral change function includes a spectral

change component due to a bleaching effect of said hypothetical hair color treatment.

21. The system of claim 20, wherein said spectral change component is dependent upon a

reflectance of said hair.



20. The system of claim 19. wherein said spectral change function
includes a spectral change componéht due to a bleaching effect of said
hypothetical hair color treatment. 21. The system of claim 20, wherein said
spectral change com}Egonent is dependent upon a r flec,tancgof,s id, hair.
22 3o QSR of cHITYB, WHERSH St epet AP Chah g UGty & specwal
changeXsthifibcen & SREGHahCIRAG R COMRNARRIT duaTteA dyaina-ealfpehof said
hypothetical hair color treatment. 23. The system of claim 14, wherein said
determining includes for each of a plurality of discrete wavelengths within
23. Sﬁlde W\7a8¥6el‘ée§.9tc ari?zq 3; % lgll"Jel}? tlrs]gcfj‘ &]{JT gvn%%ﬁgl \1/1%191 efso%osrael:glcha%)rf fao lufality of
one of said discrete wavelengths as a function of an initial optical value o
discretsaid hinafhsadthonsadiserstéenghietengtathelaiegiviey arsehbbaiewfor said hair
optical values for said hair. 24. The system of.claim 23. wherein said . .
for o L s B TR SR A o0 o Ao St g g a sei
one difsystemelongrterstbtingireatmentodidhaiopsiog eafiist fetativé hatr.
concentration of a first hair color treatment and a second relative
concentration of a second hair color treatment. the first hair color
24, UrpRiragnthaying an asseriated st sneetial change unatianiar Ustdnvaries over
determining a first new spectrum of the hair after application of only the
said whrstdvgiingelge. treatment. said second hair color treatment having an
associated second spectral change function for use in determining a
second new spectrum of the hair after application of only the second hair
25.  coleytreatroedtheisystioncomprisingiapiagessosaenfigureshtetitfiion of a first
. receiving as input an initial spectrum of the hair. said initial spectrum
hair cqiqyiREPAN ARG A PR FHY TSHRF SHERIR ArfipTRAoR? Editivatigraent. the
first HABWSReCtHdmefthefaitdue tassodiyRatpticaliaircolontieatment&f for use in
applying the first relative concentration of the first hair color treatment and
determfEngedofitrrdIaNvEPEBIEBhRatBR B4 HESSERIGRIAR IR teltmBRY tgair color

rearmif®. Ny s@id calglaiating beinghased Renatleast QRa Ll W@nd spectral change
2006/090363 PCT/IL2006/000210 38 .
function for use in determining & second new spectrum of the hair after application of only the

second hair color treatment, the system comprising a processor configured for:

(i) receiving as input an inital spectrum of the hair, said initial spectrum having a
wavelength range;

(ii) using spectral multiplication. calculating a new spectrum of the hair due 10 a
hypothetical hair color treatment of applying the first relative concentration of the first
hair color treatment and the second relative concentration of a the second hair color

freatment to the hair. said calculating being based upon at least one of:



() apportioning the first spectral change function and the second spectral
change function by the first relative concentration and the second relative
concentration, respectively; and (ll) apportioning the first new spectrum
wantiessdond new spectrum by the first relative concentr@Gariadotis216
second relative concentration, resg@ctively; and (iii) outputting data to a
device, said data being based on said step of calculating. 26. The system

of claim 25, wherein said calculating is hased on at least one .of; (i) @dgmg
the fif&t spéﬁﬁﬁﬁmﬁﬂ%e%nfﬁgﬁ ?Bgé}%%iw%raéﬁ g{fﬁg 1004 b)d

concentrat@&@pg thishpe thecbeobd dpefiil iehahgedmnatior: toa poivie
of the second relative concentration; and (ii rajsirig the.first new spectrum

to a power SICATE! AR IR RORCTYRELRE AR SHEFE TG the second new

specym toa,pawan the ecand glativamanebiiisaticnnd hethersystem
of claim 25, further comprising a spectrum analyzer, configured

for .
producing $3id fhftiafiEe CHIHAY 2 sCaETRHGH o?‘?ﬂlaimez5,sefﬁ?ﬂ1§rmlanw
Comp”smgc%ﬁé'éﬁ{?éﬁ%ﬁy%?&%" egndor displaying a color based on

claim

said data. 29. The system o 5, further comprising a display device

(EOnfigureuttioeditastayi gt haavietorsalhiatht IR ORR 9Rssa1dnSEeHq OF

data. §q g$ﬁ§ stem of claim 25, further comprising a color mixing device
" Cateul 1§f : ) .
configured for dispensing a hair color treatment based on said data. 39

31. A method for determining hair color treatment, comprising the steps of.

22%;%%#%”%%%] &J %%Q}g%t% %%Eélues_rg'}a nfa%,l%%m%?g% B%éréds Bi{’éﬂgéét one
of

(1) raising the first spectral change function to a power of the first relative

| concentration and raising the second spectral change function to a power
of the second relative concentration; and

(ii)  raising the first new spectrum 10 a power ‘of the first relative

concentration and raising the second new spectram to a power of the

second relative concentration.

27. The system of claim 235, forther comprising a spectrum analyzer

configured for producing said initial spectrum.

28.  The system of claim 25, further comprising a display device configured

for displaying a color based on said data.

29.  The system of claim 25, further comprising a display device configured

for displaying hair color treatment instructions based on said data.

30. The system of claim 25, further comprising color mixing device

configured for dispensing a hair color treatment based on said data.



(i) calculating a new spectrum of said hair due to a hypothetical hair color
treatment as a direct function of saftf initial spectrum, said hair color
treatment comprising a first hair color treatment associated with a first

. relatiye cancentration and a first spectrum or a_first spectral change

L R 0 B Ses R s SSEoNd relative

(i) eQreentrationmanth ansedondspentodnm e iesdhalispectialichiapgerum having a
functjon, the determination comprising spectral multiplication and
yﬁﬁff}*"fﬂﬂh}ﬁ“&%@ﬁrst and second spectra or the first and second

(i)  chrelmkehange functions acearing taihefiusiypotiacaond: reladivecatment as a
concentrations. 32, The method of claim 31, fur}her comprising the step of .
iSRRG R SIoP AR B RS AP S8t it O8O RHGHORE Y st b

3diduhancomplisingdbesten af6 splayingdiat-celar dreaimetirs: spectrum or a
instructions based on said new spectrum. 34. The method of claim 31.

fiiFth EPEDTRp FRIAGHEISIES of RSP SHEMY. & Nafr KEINIPb ARSI o second
SAILNEWSRECHMBY 3asid Ehe hethod @fslaim Sledtithgr-campiiaing hecuon, the

step of determining a treatment for said hair that gives said hair a desired
SSEERIRATISB. THePRBHS0ANSFERirmBIINNAEeTh 3afd HIRSET pitioH ighe first and

%HP&S@'E%MQ%P'&Q%@MGELW sdgdneihad of claim gl -whereitSaithe w the first

calculating is performed by calculating said new spectrum based on
miultishang aid Vnitel PR by a spectral change function over said
wavelength range, a value of said spectral change function varying over
said wavelength range. 38. The method of claim 37, wherein said spectral

22, changedwactiosdnelodemaispectiariehange aempodiepl:disg tomior based on said
bleaching effect of said. hypothetical hair color treatment. 40 39. The

new SPRYEIHSd of claim 38, wherein said spectral change component is
dependent upon a reflectance of said hair. 40. The method of claim 38.
wherein said spectral change function also includes a spectral change

33.  ¢Omposént dietoma dyeingreffecruirsaid yp sthietéal briivoedoraiiestine AEaument

: 41]. TQe n&ethodé)f claim 3t1. wherein said calculating includes:
INSIructions dDased on sdid new spectrulll.

34, The method of claim 31, further comprising the step of dispensing & hair color

treatment based on said new spectrum.

35. The method of claim 31. further comprising the step of determining a treatment for said

hair that gives said hair a desired spectrum.
36. The method of claim 31, wherein said direct function is substantially non-addiiive.

37. The method of claim 31, wherein said calculauing is performed by calculating saic new
spectrum based on multiplying said initial spectrum bv a spectral change function over said

wavelength range. a value of said spectral change function varying over said wavelength range.

38.  The method of claim 37, wheremn said spectral change function includes a spectral

change component due to a bleaching effect of said hypothetical hair color ireatment.



(i) for each of a plurality of discrete wavelengths within said wavelength
range, calculating a new optical valtfé for said hair for one of said discrete
wavelengths as a function of an initial optical value of said hair at said
e discrete wavelength, thereby giving a set of new optical valyes for
9 o GRSy e <ot R S B de ey uoon @
reflectaviatiess4d Lihe method of claim 41, wherein said function of said initial
optical value varies over said wavelength range. 43. A computer software
product. comprising a computer readable medium in which computer
40, METUCIONS aresiored. which insinichions vhet Fead R & .CaRP B des a spectral
causes the computer to determine a'hair color treatment. the instructions
changejnetopimgtheusteps O iedr. ol daiA hypthbeifol delfctphiningaar éolor
treatment, comprising the steps of: (i) receiving as input an initial spectrum
of a sample of hair, said initial spectrum having a wavelength range; and
41.  (ihdetermontianihalcolasirraimentfonsaig haimsa direct function of
. said initial spectrum and a desired spectrum of said hair, said hair color .
(0 tF%%ﬁar?é’n‘Ef@oﬂ%‘b‘i‘?&i‘ﬁ"gozdi‘ﬁ%?‘r‘?aﬁ’faé’Si&P%&ﬂ*ﬁ@%ﬁPé@&do‘é’i%l‘t’é R 42l culating

relative,sensentiation and dfirsl: spewirymian a-first wReataeRaRge unction of an
function. and a second color treatment associated with a second relative

ABHER RPEGBNYHHE A SECOMI SHAIANEISSERONE ettt iRye ving 2 st of
fupgtionidhe determination.comprising spectral multiplication and

~apportioning of the first and second spectra or the first and second

(ii) SO EHANGE RISCHORS BUoTHih Sl tREVTRTERE 88&SNnd relative
concentrations. WO 2006/090363 PCT/1L2006/000210 41 45. The
method of claim 44, further comprising the step of displaying hair color

42, treatmedidosifutiiong hasedon saidl deteioninihgrid6nifine amethbdofclednes over

.. 44, further comprising the step of dispensing a hair color treatment based

said Wyl R ining. 47. The method of claim 44, wherein said function is

substantially non-

43. A computer software product. comprising a computer readable medium in which
computer instructions are stored. which instructions when read by a computer. causes the

compuier to determine a hair color weatment, the instructions including the steps of claim 31.

44, A method for determining hair color treaiment. comprising the steps of:
{1) receiving as input an initial spectrum of a sample of hair, said initial spectrum having a

wavelength range; and

(ii) determining a hair color treatment for said hair as a direct function of said initial
spectrum and & desired spectrum of said hair, said hair color treatment comprising &
first hair color treatment associated with a first relative concentration and a first
spectrum or a first spectral change function. and & second color treatment associated
with a second relative concentration. and a second spectruin or a second spectral change
function. the determination comprising spectral multipheation and apportioning of the
first and second spectra or the first and second speciral change funcuons according t©

the first and second relative concentrations.



additive. 48. The method of claim 44, wherein said determining includes:
calculating a spectral change function by dividing said desired spectrum
by said initial spectrum over said wavelength range; and determining said
WeSaineHEffom said spectral change function. 49. The metHdr SF-& 180210
48, wherein said spectral change fufiction includes a spectral change
component due to a bleaching effect of said hypothetical hair color

treatment. 50, The method, of clajm 49, wherein said spectial ch .
o BRIt BRI Ao e e SRTIRES B ot Rl g iep Ly b
cObslavndRavheinisais mpedtnl ehdnirdunatiap.also includes a

spectral change component due to a dyeing effect of said hypothetical.
hair color treatment. 52. The method of claim 44, wherein said

ageterpiy e@ﬂ@&%?%lfﬁﬁ?@ﬁhf&ftﬁmplééﬁ%%{s@ﬁg isRrelsAvelgRathagithin:

said wavelength range, calculating a new optical value for said hair for
cole tEshituisae ousrefedfyeansEERE function of an initial optical value of
said hair at said one discrete wavelength, thereby giving a set of new
optical values for said hair. 42 53. The method of claim 52, wherein said
4functighofmaiddditisl opiiead4alwbaratie saivefusaitbwaselahgtimitilje 164 -
A computer software product, comprising a computer readable medium in
F&Tﬁe'computer instructions are stored, which instructions when read by
a computer, causes the computer to determine a hair color treatment. the
instructions including the steps of claim 44. 55. A method for determining

48 hair Betongdadnehelainn e TRerdm sl Greanipns i Lo stHgratne
LOILIEPIMeNt AN RESEHIC SR RIS caneqnispliangbasecond hall eelan!

treatment, thefirst hair color treatment having an associated first spectral
sphetmya fovetisridor asdentistagsiring doiesmiains pridirratarcidiog said

S%g&rr aelp&{;dcrggtleo%gg t?&lly the first hair color

49.  The method of claim 48, wherein said spectral change function includes
a spectral change component due to a bleaching effect of said hypothetical hair

color treatment,

50. The method of claim 49, wherein said spectral change component is

dependent upon a reflectance of said hair.

51. The method of claim 49, wherein said spectral change function also
includes a spectral change component due to a dyeing effect of said

hypothetical hair color treatment.

52.  The method of claim 44, wherein said determining includes for each of a
plurality of discrete wavelengths within said wavelength range, calculating a
new optical value for said hair for one of said discrete wavelengths as a
function of an initial optical value of said hair at said one discrete wavelength,

thereby giving a set of new optical values for said hair.



treatment, the second hair color treatment having an associated second
spectral change function for use in‘determining a second new spectrum
of the hair after application of only the second hair color treatment, the
o ethod including.the. steps of. (i) receiving as input an initial spectrum of .
22 :ﬂée HARIQS; ﬁjilgf ' |§Psap‘éc%eﬁ$ Was\)/ailngg%gm\:lgag\l}e eflnsggfléi }gﬁ”ig&e CRREY ii‘)/a&%?n‘éams over
said waSlRRelgal rawdliplication. calculating a new spectrum of the hair due to a
hypothetical hair color treatment of applying the first relative concentration
of the first hair color treatment and the second relative concentration of a
54, tﬁec%%ﬁﬁgrhegmpé freatmentinhehain said calculating-Reing Hasedn which
upon at least one of. (1) apportioning the first spectral change function
compugndihieisscondispeiotral.change ifsinatiombyvthetfirside ativeccomtapitratigres the
com.pw? Qg FEgteSr?n%%Q% E%@%%?o?%@%%%@ut%@d&?@&%‘ysei}{cﬁg%gl&% %&B@ﬁﬁkﬁﬁm& 44,
he first new spectrum and the second new spectrum by the first ‘relative
concentration and the second relative concentration. respectively. WO
.. 2006/090363 PCT/IL2006/000210 43 56. The method of claim 55, L
55 vneriivddr ESIRHaG & BASEIBTSRIRSEE BRGH T5 r EHy T rgation of a
first ha3PESHAkERANGS NCHaRdoHa ROWRE Qe distialalive scancentiationaldaiment,
raising the second spectral change function to a power of the second

the firvefaive GoRCEFRABN AR T AT iFSE nav SHE cthiffeto HoWeriBT vse 1n

determin TSt {Rlatlva, coReRpHAoN RN ARISING tgggﬁﬁﬁﬂﬂg REVHSREGIEUMO ir color
power of the second relative concentration. 57. A computer software _

treatmisto ticteedri f1isiTg \a CoPRIPIRET TedaalTe s ire i RsRTpGlemnee function

for usei qﬁt&é%ﬁﬂﬁiﬁéeasggéggd Whic Q;J&ﬁ%ﬂﬁ?%ﬁﬂ%é’"i‘?ﬁ? e{ﬁ%de@éﬁca‘%feﬁ? RYIGS; v the second

causes the computer to determine a hair color treatment using a first
hair cotefatisasreonctmration didrhdic sétor aBatment and a second relative

(1) receiving as input an initial spectrum of the hair, said initial spectrum baving a
wavelength range; and

(i1) using spectral multiplication, calculating a new spectrum of the hair due 0 a
hypothetical hair color treatment of applying the first relative concentration of the first
hair color treatment and the second relative concentration of & the second hair color
treatment to the hair, said calculating being based upon at least one of:

() apportioning the first speciral change function and the second spectral change
funciion by the first relative concentration and the second relative conceniration,
respectively: and

(II)  apportioning the first new spectrum and the second new spectrum by the first

relative concentration and the second relative concentration. respectively.



concentration of a second hair color treatment, the first hair color
treatme.n_t havirlg an associated first spectral change function for use in
determining a first new spectrum of the hair after application of only the
Wirdtharieplor treatment, said second hair color treatment HESAHG2apH/000210
associated second spectral changé3 function for use in determining a
second new spectrum of the hair after application of only the second hair

s¢coonireatment,, the instructionsdpslvding A SERRLICRIREDn. at least

one of:

(i)  raising the first spectral change function to a power of the first relative
concentration and raising the second spectral change function to a power
of the second relative concentration; and

(i) raising the first new spectrum to a power of the first relative
concentration and raising the second new spectrum o & power of the

second relative concentration.

57. A computer software product, comprising a computer readable medium
in which computer instructions are stored, which instructions when read by a
computer, causes the computer to determine a hair color treatment using a first
relative concentration of a first hair color treatment and a second relative
concentration of a second hair color treatment, the first hair color treatment
haviﬁg an associated first spectral change function for use in determining a first
new spectrum of the hair after application of only the first hair color treatment,
said second hair color treatment having an associated second spectral change
function for use in determining a second new spectrui of the hair after
application of only the second hair color treatment,, the instructions including

the steps of claim 35.



