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HAI R COLORI NG SYSTEM FI ELD AND BACKGROUND OF THE
| NVENTI ON The present invention relates to hair

W@ 006/090363 and, in particular, it concerns detePOi/Mmi20e/m@0210

hair color treatnent for hailr including previously

dyed hair. By way of introduction, different hair
sanples react differently to the process of bl eaching
and dyei ng due t cHAIREGEHOBINGrSYSTEMS, the

di fferent chem cal pignment structure of the hair as

well as the condition of the hair to be treated. The
prior art includes many nethods which try to predict

LNa ai ol 0F AN 0f de Q- Ji-ii-Ze-er ror and

fErease custofter - sati st act-on Ht+e hair col or
products. O relevance to the present invention is

U S . Patent 4,434,467 tq Scott, The paten%g%o,Scott .
descrifeBreseie HEAURRFEMGS t e baifs sQIeERe  Hbs s particular, it

oG54, L A BFE Sl el i OB B o) e

hdgsired final color fromthe database. The conputer

t hen suggests a treatnent based on the nanufacturer

i nst Bycwaynd. introslnotionodiffeyentf haih samipbesereant iddiferdntly to the
system_.s that th ustoner has to determ ne by visual
Peesesnof Logaching apd dlyedng duedR. epanest ethesdacionn theidifferent

ther. shor. ' h forepentioned, .
ot 5B GRSl BEgR] SRR LPBRhaie o e
tiehRal PRt Srio Vit GRcRIIRs RASSA YRIRHdL wWHidE drya i Pkécﬁbﬁ fiflal hair
selection of initial hair "colors, thereby not taking
colvr an acdardo iminhaizeredrori adahtieabacustomensatisfhionofith the hair

rel evance to the present invention is U S Patent No.
cglogPoodEAs.t o Hawi uk. Hawui k teaches the use of col or

and” R SARERT B Bresi BEREO fol b ennianedpa o scot
"[}!11@1?&&&{{ tb B RHKARMIbBa L 'mENSd \kﬁeréﬁﬁ 5@2%%68 ek thbb&s a color

air color is affected by the hair ortcom ng

fiwin tahdatabagectimntis ehe ¢tlonest amtels td s ok Heer syvsi diidt 8olodt The
accurate. A further shortcom ng of the aforenentioned
custememthen chegsegar desitadi fipak ¢dor ffonp dhe database. The computer

then suggests a treatment based on the manufacturer instructions. A

shortcoming of the aforementioned system is that the customer has to
determine by visual comparison, the closest match 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 fixed and limited selection of
initial hair colors, thereby not taking into account the individual’s hair color.
Also of relevance to the present invention is U.S. Patent No. 5,609,4821
to Hawiuk. Hawuik teaches 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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color involves a high degree of estimation. An _
addi tional shortcom ng of theaforenentioned systemis
W b@b/090363 syst em does not address bl eachi ng oPCT/I12006/000210
initial hair color. O nost gel evance 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 to MacFarl ane, et
aﬁireméhuenecbayﬂamslsdﬁmtmhls systent hiods nofviadddrdss risieaching of the
i.ncl udes obt aining a refl ectance spectrum from a
idfalhair 6plokai r. The coefficients of the Hunter

fho DI Pl SR IEMR kool SnERAT of TPST tﬁa‘#ﬁ%t Nos.
61067307, 6B 7 449 60504,68¢ @91@b?§§h&'693%0b3'41hﬁ>61}:@3ﬁ%£x% etel.

accor di ng to a rangé of coefficientd of
Tbose paratedisstsy ednethod, Wwaoslufirstabictuded olsteiniig @nreflectance
chooses, a desired hair color froma choice of possible
speciEim digrp psample of Bawul Be coefdicients of theduntend., a and b color

oBPIERE ff heit3kersnFEHIE gy OF Rl T Solpleriae hes Ay ed by
a&thli&r. 48R ifthi HapelolBRES ieh! c%%shfbéd; By "hé QWté}fa cBdeg

af orenenti oned systemis due Bl

tdeiragge bésstfficehta of ahdicotbrt @ordinatdsi é‘td)l"eld&ih &%dkrwp table. A
which fits into a range of possible colors. Therefore,

usdicthen ghoosesda gpired hetitendor fivoes cluticaof posaﬁbleyﬁnal colors.
| h A further
ThR s RiGeb 2elehuies he menrarsivis hai drdament ‘??}?ﬁﬁlﬂ 4o a hair
t
tr‘éﬁl%?éedt :%lébqrg:@ ?régqgﬂf\(/lgﬂ‘ ?el%‘rflﬁ n@f thterlﬁltﬁi“hﬁlr doféit ﬁF(P#‘gg PRKYR final

tab experinments

haixaolureA shoktcoatig bile éﬁ%m@ﬁ&ﬁfeﬁ@ﬁ%& ﬁrcﬁler’t%@tﬁé Ghitial hair
all the possible initial and final hair colors that

celen b@mga@mseﬁ@rb a¢@rdmgam ajymﬂﬁﬁ‘haimodxbr weliely fitc mtd @ tahge of
ent .i nv is . US Patent .No. 707,929 to
p‘gﬁaﬁiﬁa‘ﬁ’é OfSet e %r@ﬁaﬂ’@gegﬁsah‘alr ﬁ@&@ﬁ@ﬁ dagsc nphereyately

rich
PR R ARG ANERRS cahyind i EoTlngoned
sysednee thithfie WikdtRamt Sl AriifteAM@ oCORI P ALS tﬁ?&ﬁ qoBﬁ?p table
treated hair color coordinates for a partic
refiuirss netvastl minebaro of sexpenimanits.t Fer sdx:amme),nf@g&adi liehﬁ dye,
Neverthel ess, all the

XS eHe BivbBecdefor i g PVvibjeaetislandainal Taecaiotthot can
bé AU QPESE tﬁgtséﬁem such as L,

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 dye. This method overcomes some of the
shortcomings of the MacFarlane, 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 misleading 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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a, b, or RGB. Color coordinates can be msleading in
certain cases. For exanple, two sanples of hair, which
wO omk/03hst antially the sane to the human eye PEI/II2a06800210

the same L, a, b color coord nate val ues even though

t hey have different spectra of reflectance, and

therefore, different concentrati ons ofconponents. For
cRRRBERLs. Boreexmmpleapnoneical iond bairphmpldhindtich & colored with

lpred with dye A have t h lor

oS Pttt vt e e dloro Fardinaise Sagihed hoirosemplss oy, a
i | f. hai

PRV SRR gy TR verCp | BB G R Whlptes

eady havinggdiffsaitereflRetandsBpedtra, Sy UMb AraOR same or very
coordinates especially as the cuticles and white
siaplar eler gpordiratpmiespesially avihe tutitles tod twisite envelope of the

it B8 CPUPRESE 1P r relaanee saecirugonBloaeeeni ficosame hair
Rt BPplied B0 Wl M, S Waehlk dhBerens fapL b golors

da¢ tpldyffereak inigabtohdi@trations of eGEH OF tRAPcH BatsOTherefore,
ot her color coordinates may lead to spuriods results.

simplgdoekingrasrihe df, a, thecalbnveonditatemer othet ltotts congdinates may
col aor treﬁ\&nent process based on the chem cal

t
leaﬁggéplﬁlggsg?ﬁ Zir. Mxing hair dyes is used w dely at
hai r [ rder to | p_a.cust.oner, obtain
desi lr\/g(%E ait c&%o(ra?t the: ag&ée?ﬂ@%o%gi peghods, 5’?1‘?1‘1@3 dhgecolor
trbERfen® brédess BRRESTEHe dh@ﬁﬁceng}raﬁgﬁieé’ befhfrl s the final
e

color of hair that is color a mxture of two or
mor eMizing diyirsdyést iwutsed heidebe ditt haipesal @ismirexadet BMLEp a
on specjfic conbinatjons of dyes. In other words, all
cystmspghinga ﬁ*@ﬁlé%galﬁ@p}ﬂsdhatr%wgk‘eh@b dye icagnet gisegione of
' { Lferent hai ampl es with eve ossi bl e .
BB i SRR OB FRTBT Stk g R RSt
a 8ARAELEIYo of M6 R IRfiCdydst with R8s k@%ﬂ%&l Q:X%Z)quments on
prior art to cover all p033|% e ol or xtures tn
specifer comipnatiomte o gyevaln sohert wirds,0 atlhiige RIBORE €Mentioned
Also, the prior art nmethods do not effectively address
mgtads iraguise eolasing § large queatity, ofrdifferentshaih samptasewith every

p&gﬁ)qe 9kufte %%idrblﬁﬁiir?é adrrelggélr?orr] aétaicl(’l) ix usrte esrgpgrg(tjely. 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 hair 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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method for accurately determning a suitable hair

color treatnent for all types of hair including
wmadoengidehai r as well as previously dyed and/ oPCT/IL2006/000210

bl eached hair and includingqsing a m xture of two or

nore dyes. SUMVARY OF THE | NVENTI ON The present

invention is a hair color determnation system and

SEVIVOAR & OB SEHE INVVIENAdO®0f . According to the

teachi ngs of the present invention there is provided,
a systemfor determ ning hair color treatnent,

conpThsiptesend ipveatRBSRIa GaRTdolty @étefAlnatioh)sys®e®iant Method
as input an initial spectrumof a sanple of "hair, the
of apetiatipn éheseof.um havi ng a wavel ength range; (ii)

[ cyl ati f the hair d . .
o e T GETELS AL ok P e
ek oy TRE YR G B o

configuedtfbn i) rbeEi9irl Ainpat an intihhfect@di UF 8 sepld8f hair, the
present invention, there is also provided a spectrum
izitial spestrugphaviggraewaiolengthocmgien@i)tdadeuilating alnew spectrum of
spectrum According to a further feature of the
ﬂtffg%lé Gy ﬁwpeﬂl,e%%‘eh@r icglof) eeatpeat iag g diseel Bypctign of the
: ' fiayr i Sp 1 g a cal gr sed. on th
il SHRa 0 AR ED S By EiniRla |8 R, e % R wdyts08 wpon
thestembr edlculafinke is al so provided a display device
configured for “displaying hair color treatnent
i nst Agcoidims tbas ddrther fduwudadf thehpeesedt ngvémion, fthetehBr also
fea{i,éj e of the present ipvention, there js_ also
PHYVY CL% apectn dRalkyrey eppftaved forquetpgingdhe injtial spectrum.

Acoorarnared €% e el bB DL prpanhRten, 1o is also
pré&t & ﬁﬁﬁlé}h&’evﬁéé@ redl $orf ﬁéﬁﬁghgc& Rbio? Bas fn? Elée data.

determning a treatnment for t that gives

hai r Azcoeking ed = ffethefeathecof ther@résena ifivdrtiofl there is also
feature of the present invention, the direct function
prayidgdy o snplay | deviesh -c@adigirede 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.

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

the spectral change function varying over the wavelength range.
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According to a further feature of the present
invention, the calculating is perforned by cal cul ati ng
wWa b@eomzsspect rum based on mul tiplying the iniPCHIL2006/000210
spectrum by a spectral chang® function over the
wavel engt h range, a value of the spectral change
function yvarying over the wavel ength range. Accordi ng
to ad¥gerdiag tpeat furthepfeatuee pfethenprdsante ivention] hige spectral

tgal..change,function includes a spectral change
c@o Ofrlilgﬁ?gla Hécq?%esaa mt‘é;gr@h pﬁebnggf Gorapongnt dpe to a bleaching effect
Pty pIthéRlal A 'cofft iPdatiefiat MeNt . According to a

further fgature of the presént invention, the spectral
changecontipprions fusthde fendan tofupeNpRs&R irﬁ&hﬁﬁﬁ,e il spectral
the hair. According to a further feature of the
C%IE@&WUHW@MS dapendepnat uoeca reflecthmegd thelhairj on al so

e W 50 TS PRI et e e
e ok 18> WIS o/ AU " BSEEN' g b o cyeing

I nventi on,

effectrodithe iy pétheliisatriccoloy gbamegiis Wi thin the
wavel engt h range, cal culating a new optical value for

t he Aarerding toadusthet Heatdies of ¢hee pravest BIvghtisn Atheacalculating
optical_ value of the hair at

. f i f initial
RS, R B0 b e e
wERAARY e VLSRR DR B A Bl TSRS e

new s
di : ) . :
ibarety diangleh@ths dsWl GRItidnest A $nifihl E)Pg?ﬂgvgcfh?%gf the haix at the

i nvention, the function of the Ini
ongdiserstowarelengthythetlen ghving angeof ﬂe@prﬂic@DvMPei £t the hair;

t i ngs of the present invention there is also
a%f@ﬁ ?%ﬁ{ngélleygw ecpnyEeay thersiehgf newroptishbyalues.

tre = C lel. Si a,processor conf.igured for: (i)

r co et unamgcBTR fih e e uetarinomtiors dhpifenston of

thoatitial dfpteval RhlvedlarRRFEF HIB WaviRg t;ﬁ r\ﬁﬁ‘%lg.l ength range;
h I tr % men

(ii) determning a hair color e for the hair
as a\eliordiog tainthti taachingshef i thist palseBPSRYEHBANTeR is also
d\;ﬁlaed }ngectrum of the hair; and (iii) outputting

Pryuidgds 3 SysieB ik determenia g hairmsilonirentsreant, quonpridieg atpepcessor

14N ..According ta a.further feature of the
00%%@{% fo,wn le%‘t%,e VAIE a3, Inurt;ag igitia) 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; and (iii) outputting data to a device, the data being based
upon the step of determining.

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 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.
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provi ded a spectrum anal yzer configured for producing

the initial spectrum According to a further feature
wWohoosheo3ps esent invention, there is al so provi BEDI2006/000210

di spl ay device configured fog displaying hair color

treatment instructions based on the data. According to

a further feature of the present invention, there is

al so Azcondidgdoa fntloer feature @ dRY ipzesen® v dtiond the Function is
di spensjng a hair color treatnent based on the
suestantidbyonen-additizca further feature of the present

nccofseRging 0 a fiPHck Poathth & Eﬂlseéﬁ‘r”e%%ﬁ' ipVeiinn, the determining
in ' det Y ' - cal.c )
TGRS | Moyl O | Scthidl Mehanflf HAREonTRY WA e desired

spqutxain by the infitgali spietirain spﬁCtHeUWhﬁMeﬁ%ﬂlhﬁn‘F@j\/ﬁﬁ& Hgtdtmining
and determ ni n‘g the treatnment from the spectral

t@ggﬁg;@eﬂpﬁ@m the spaetak ehangetfunetidrur t her feature of the

AR LR SR, e s
[ et | i ol qn .

PR 61 5 BR Ee \fgin s

ofthestgpothdticahha@Roldriiteatimeat. r al change conponent is
dependent upon a refl ectance of the hair. According to

a f ufcrerdingdoua dudther Heatpresénthei preserniti imventiba, the spectral

| ch f ti al so j ncludes, a spectral
R SRS O BRI Do) Bl eF &8 Ehio Pl o

hypo e LT r t . cqrding.to
rurthocoidfly (928 GEReL ThGES ok pSSRE L IEREOR, The spectral
clitgiger fiindtiog AlSs lieladed arspreahl CharfbePbothpbhét e to a dyeing
di screte wavel engths within the wavel ength range,
eldestodithe hyigothetieal hoyit ¢alat treaimentf or t he hair for one

i { REPOERS £ (o Courel the presant imesnsive. dhe delermining
oAb 99 ST PR TR o
ORS00S0 T e 1 W bhloBd e
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.

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

According to the teachings of the present invention there is also
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 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 system comprising a

processor configured for: (i) receiving as input an initial spectrum of the hair,
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According to the teachings of the present invention
there is also provided, a systemfor determning
wo e@aomsnt of hair using a first relative concRe/I20060000210
of a first hair color treatrent and a second relative
concentration of a second hair color treatnment, the
first hair color treatnent having an associated first
thepiwitialsipectramgleatiing etwaveléngth wseed; (il ealenkitingrgnew spectrum
i,y st, new spectrum of the hair after application of
OfS rﬂ[‘? hatite A a sRotassical hairege ritcatpigat sécapplying the first
Q9% ' ssqclat ed second .spectral .
raRhP chRSTHIERL O P Rato 0 Ao RS rlmtive
copenitiatioh Of 4 e Béddndaidie coRRPAkEARIhPBo Pie BRI tHd galgulating

second hair color treatnment, the system conprisin
beingcbasedr upamnfat glgnstdohorof: () appectwnng thadiknpéctedl change

o g0 o RGBT Phagec Mhoctn 10 hepdunt relaive
f i theti cal _hai | or,

oFREEIaHTh° hdD (I8 oSt irPlebhRe) ShrETatRRen SRRyl

ad (IThepdrlibhingaihe KRt Aew! §RAMBD hndNHe %Eéorﬁﬁﬁgﬂgsfpectmm by

relative concentration of "a the second hair ¢
theer atstrerelative t bendeatmtion handalthell s¢dond helatiyebas@@entration,

upon. at | east...one of; (1) apportioning the first
regagc‘ctweiy; %‘Hﬁé@koﬂmﬁ‘é@ﬁ&) Halan@ & Wevicec Brdatpehtinglbased on the
Stgﬁﬁ?%ﬁlchw%tgi on by the first relative concentration
{

€ second rel ative concentration, respectively;
and AbbdrdRRPES b ifosi | e i
second nrew spectr ulrlnagff/:aétﬁﬁeegr Fhr?és? {érg‘\éyftzip i@%ﬁ&ﬂ“tﬁ@@afcﬂ?&tmg 15
based cenatrlast emearfd (i) kaisingahe dirstedprtiryEclepe 0hERS BNa power
f:espe tively, and (iii) outputting data to a device,
of e sk skativg pereeatigtion hand trejsing thel sacbadi spectral change
ing to a fupther feature of the present .. .
RERA00R Pofyd ol resonflelifisoconsoniaton; aad (ibising the
ik neti JpekBls] i cLiomita
18} el dpeCu| 0% pORct b he ARG Telofve COREARMICIAPFailiBy the
secaid nay dpeetrapcipSWECHT e sebANDLIANEEdriienfratidn POVer
of the second rel ative concentration; and (ii) raising
t he Areydingep gpéutharnieatiira gfother presenthmvientish, there is also
rel ative concentration dre;ﬁ%)(sgi ng.the second new

prggg%t{lraume{:. u M@er&enﬁ%@ paoduging fhesinitial spectrum.
Concﬁ%drﬁfd\gofb aAﬁﬁ’ﬁ{ | R0kl & Q_%r f)&%éntf fREHESHL thdrl8s also

present | nvention, ere 1S al
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 the teachings of the present invention there is also
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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provi ded a spectrum anal yzer configured for producing

the initial spectrum According to a further feature
wW@Roobkeo3ps esent i nvention, there is al so proviPEdzz006/000210

di spl ay device configured fd& displaying a color based

on the data. According to a further feature of the

present invention, there is also provided a display
haygduedo ohypaghetéer their enleniragtment iaajar dicestt fanctianofithet initial
S#&gl{urn?cti ons based on the data. According to a further

eature of the present invention, there is also

pr OVA@%,Qr(ﬁn%QBoé ﬁﬁtﬁfnn FeHEN 6F KO T{r}é&lﬂ'i qgvérﬂ]on, Jh re is also
di spensi ng hair color treatnent "based on & dat's.
prwddedithregtépof isplasaahh cohor Gaséden BicasRspbaty@it | on
there is also provided, a nethod for determning hair
col oAceprkingdata fusher ifedtws ohéhe pegsendfinvgrition, there is also

ecelvi,ng as input. an initial spectrum,of a sample of
pigfied Hiresichiqt Ssplaying baikclan Reptmandateisgions hargd on the
néR&pbéikumeal cul ating a new spectrum of thehair due to
a h§/)pot hetical hair color treatnent as a direct

f uncicoordifg ttbea ifoithénfetmecof Wie phesept dhvishtioR, dhere is also
further feature of the present invention, there is

pravidedy ithe istent afhdispergingfa diagpicaldrntresinuait obasedsen tha new
t he new spectrum According to a further feature of
S g‘“ﬂ?‘esent invention, there is also provided the step

on ¢ hECod o Frfie Rk TR et ol iRE 5y atso

ptovidedt geestbp iovdiéindfing B eFfedthentfanBIRY SR NG HEYRir a
of dispensing a hair color treatnment based on~the new

desisdtspeattumccor ding to a further feature of the
present invention therf i s al éo provi ded_ the step of

det ePRFPRRE dOt Rekitrthert fopgire: ok thai prosentt inyientions Hbe direct
gk SRS R gocor s, o 8 uriher

I's spbséraitig & & YuriRé- RERIrE bY 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
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
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
includes: (i) 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
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According to a further feature of the present
invention, the calculating is perforned by cal cul ati ng
wWa b@eomssspect rum based on mul tiplying the iniPCHIL2006/000210
spectrum by a spectral change function over the
wavel engt h range, a value of the spectral change
function varying over the wavel ength range. According
ong discrete vieveldngh,therebly giimgpr eterfinewnuptiddl aaludsher the hair;

S tral .change function jncludes a spectral change
a’&@ﬁ‘ﬁ% mm@ﬂ@ RV SPeFtEHBHTo the seicf new oplacal values.

hypo e i I rea nt. Accordi tg a .
furt horold (3 Bt deabbEBRRY hirsitl Siventife GsShweton of
thehiaitgd opeieRoNAns vhfieS8PENAE WaveRHR R rdffel ect ance of

the hair. According to a further feature of the

pr esécoidingribi arfurthee fepmed rafl thehpregent nednition, al $6mputer

i hcl udes a spectral change conponent due to_a dyeing
S%‘?W@’Ef—‘t Produgt, CORYP RS £ CORPUeN Feadablermediam iremthich computer

el t further feat.ure of the present

1| nvg{r% !%%r’e stq%%dt g{hé%f glslh?fa{l?'ﬁstw gg:eact By G mpufer, apses the
cOhpusdk ith We®drnfths Gh& 1R VEYI8} %Qﬁﬂént"v'tﬁg‘!r&trtu:aﬁon including the
wavel ength range, calculating a nelw optica var JEHe
abowe mathodfstepsone of the discrete wavel engths as a

function of an initial optical value of the hair at
t heofSCefiding doe thtepehingh, oft ey aisgsagitvinvgntios etheod is also
ti values for. the hair; and (ii) form,ng the

RS ot EP I s Bhintnt b Kolortattiant vepPoasite (hE steps
oAYDAEE D! 85 Anpi’ hASGR; { ofhe e i

[ ‘r?\?_ent ilon,l%’t tshen}?uncﬂt?iqg}}t{ag?gp;éﬁgu@npﬂhaﬁ%gfel gglha\l/ral
spegtriues baring t he wisvebdnpilgt fanigenognd GOV I@id® 2 hair color

further feature of the present invention, a conputer
treimeph fer thedwmie as acdingst ifunetipmof thepinitial speattabl end a desired

[um j Lch conmputer instructions are stored,

Sﬁ\%ﬂ@ﬁ‘?#@?ﬁ%&i ons when read by a conputer, causes the

CONMPYNESS t ) ' 0 nt, the .

i nst'r uptri(1¥) sg(l?r?g udi ng?étaﬁleljag%f:)gge hgf{sﬁ}é{ﬁ@‘{eglg@@ tl.t1ere Is also
prévideddibegsté ofhﬁsljl_@?ﬁgl 18 color tthiPeRs BikiruclYRE ‘bhﬁéﬂ on the

there is also provided, a nethod for determning hair
detegining. eat nent, conprising the steps of: (i) '

recejving.as input an pnitial_ spectrumof a sanple of
hai r’X°¢HEInE,{q jayfurther %eature of the present invention, there is also

tbg initial

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.

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
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
of the hypothetical hair color treatment.

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

change component is dependent upon a reflectance of the hair.
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spectrum having a wavel ength range; and (ii)

dgterm' ning a hair color treatment for the hair as a
waleeoene03buincti on of the initial spectrum and aPCEHI20&d00210

spectrum of the hair. AccordiOng to a further feature

resent invention, there is also provided the
e ot i nstructions

L.spl ayi ir_color treatment i
basedSAING. on RN HgAHe i Hiongrasont ituniiver the spectel
invention, there is also .
Cfﬁ?‘g%éij g‘g“ciﬂi;"ﬁ‘teglg? géa%?g% iasﬂjeer‘fgiaiw ﬁﬂ_én%FaPPm@@p@ﬂt duede redyeing
etfasiest 18 HypotHéeicar BiPboB:r (AL Ng to a furt her
feature of the present invention, the function is
subs@aeordinhg o mofurthdd ifedtur: oPheosdida ihPeidlthe g%termining

. f th resent invention, the det ernnin
1r{cﬁ€cﬁql“§” g%ag O?lﬂpﬁlﬂrﬂgyﬁfs(bé@@mwaﬁdang&lsfwmhm the wavelength

i vi di ' ctrum he initial spectrum
" SRR AT o ARG b Tnitog Soncdt the doree
waleRngRR! af GOfnllen SO fifliaf RG] WUNE! 1P ARSOLENT one
to a further feature of the preésent invention, “Th
disprate wavekehgtig ¢hdraby gi\dﬁ% lanet oflesw dpERRICYd18Es f2RIRair.
conpgnent .due to a bl eaching effect of the ‘
hypofiieending toai further deaturecaf thenpresawtcinveition t thedfunction of

. f.th sent jnvention, the spectral
thfgﬁéfr%g 58%?%;# i‘ﬁ? g?réeso‘g & :‘i hevesesthhrange, ]Eect ance of t
h ai ' ther,feature of the presen
nvene SaBRER0 Toh Red i 9B pErBIGH BvebPmon cagputer
softvegre qirodiictc bampeisizprp eosputd 4ead bl n‘i’é(ﬁhﬁlgine\%?c‘ﬁi C&Bputer
the hypothetical hair color treatnent. According to &
1n§q§pq§tﬁg}s Frestared Whlmsmthhmm ®Bna Cbh‘@)ufter, causes the

I ni in I ch of a plurality of )
e RECHE R, o B ol e e cngiewedomsgincluding the

i new optical value for the hair for one
ab??b?%@gﬁgﬁggépg,te wavel engt hs as a function of an

I ni jnigl ¢@l thea t [ di ete
anvel angt i iles' OF B8 britnd MR Ao REEP L also
pregidegng mpethed fordeednining a mif coloheteafreaituistn®b fidd€relative

ent inventiqn, the function of ] )
coﬂf:gnstrarhon ofa 1rstchalr 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) 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: (I) apportioning the first spectral change

function and the second spectral change function by the first relative



the initial optical value varies over the wavel ength
range. According to a further feature of the present
w0 poeq9i3en, a conputer software product, conprPGI/IR0@E/000210
conput er readabl e nedi um i nlbhi ch conputer
instructions are stored, which instructions when read
by a conmputer, causes the conputer to determne the
congeptretipnr andat thent seeand | rrgl%mr@u opcantiakioni ngespestively;

e net hod, steps,. Accordin tot e, teachi phgs of t
g (i Enpbarioning B SvEPE™ Pfub ghiiha Sacond Heveckim by
t t
S P, ARG D enhaliBh bhAPHAE el Fsfuulvel Nonecntration,
re3péctavegcond rel ative concentration of a second hair

color treatnment, the first hair color treatnment having
5  an adsecoidingto hifnghersfsatire of tht pregent inwention thocaleslating is

T A B8 8 B LR ot S
of Mie Sgi:s? nl%l%’(?}g{ CSQLéHtratt unc nfeu{iﬁ‘g e &t S?ééc%fa? change

second ‘spec ange use"1n rm ni ng

fithcBRA0RA a PPN GPEE tHid! ﬁa:@fndt feeatixae; E:oﬁtférﬂfatl@ﬁP'ah@ Qh) ﬁﬁmﬁg the
only the second hair color treatnent,, the net

first glewd speptiume ta aguevarfaf the firstemédtivengprasniratborn aaah raising the
initial spectrumof the [ initial spectrum

, th
10 seepdigvasReeiiame iya HOW%@E%@;W&OPSF?I&B&P een%ﬁthgoa new

tF eat refdihe doa Bths fabfe e HRCPREHE uchfich, Aoy Plpputer
, s@f@wﬁféeplfddh@i oA frises Qrcomlﬁﬁéﬂ%&(iaﬁl@%&ﬂ‘iﬁn?ﬁ?w}ﬂch computer

relative concentration of a the second hair col or

1rtstmatmmw aret stotelde whnch jnstrnetiond wiileatread by ei cugnirasg tauses the
pon at |east one of: (1) apportioning the first
cm@texafp datermgiacrthe étairoeplah dreatiaenfe th instyetiopgincluding the
15 a‘?haenlgl q'“ffln%tl on by the first relativeconcentrati on and

e 8@% o T’ ati ve concentration, respectively; and

(I'l') apportioning the first new spectrum and the

second new spectrumby the first relative
BRIPFEDESERIPTIONOFTEHESORAMWIINIGE | ve concentrati on,

respectively. According to a further feature of the

present invention, the calculating is based on at

! eaSchQnﬁlV%Btloﬁ 1)s ﬁ@fe?ﬁ NGesthBed! b3t wipeOF" lanfhBNERly, with

function to a
reference to the accompanymg drawings, wherein:

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 chart showing a first approach to 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
25  first approach of Fig. 2;
Fig. 4 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;
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of the first relative concentration and raising the

second spectral change function to a power of the
w@emongh3skl ati ve concentration; and (ii) rai siPQI/12e06/000210

first new spectrumto a powep of the first relative

concentration and raising the second new spectrumto a

power of the second relative concentration. According

to aFiguri hen gmphufetasd] taflectanee exghinsteewaluerof the bleaching

conput er software prqoduct, copprjsing a conputer
ex Ff@r REQHiOWSLY rdjxsﬁidlw é%ﬁ'%B{ﬁméeﬁLorthWGétth% rftsrsfaa@proach of
Fféél%[ed, whi ch instructions when read by a conputer,

iuUSes the conputer to determne the hair col or
treape js 4 la@mgrbsa%@ @%\I&m chﬂfégél gbl\'i;\l?oh&ﬁ RPAE vk BRAfirst
steps. BRI EF DESCRI PTI OF THE DRAW NGS The inventi on
approhel of Figi@scri bed, by way of exanple only, with

reference to the acconpanyin rawi ngs, wherein: Fig.

11 sFig Joisensamplehleasng épfwgwa? chanes cormpanqat fax ngnwith the
t }.Ss constructed and operable in accordance

BRI dlBe

\ et enbodi ment of the invention; Fig. 2

| s ap{d WViChFAdw Thaw Mowing o SdcoRBRY W @ calculating a new

cal culating a new refl ectance spectrumfor use wth
réfleetancstspactoimAiog usd withi the sgstem of Figow, chart showi ng

how to create_a nodel for, use with the first approach

of FFig %is wiflpw shpr shayyiagrhayy te sredte pempdek Ercese with the
Sa‘%)ai nst a altlf.ig o%_ t he bl eachi ng exponent for natural

Plda?gﬁ%"}c O’ Bse with the first approach of Fig.
2; Fi gig 30 8 Po@pRRIT @flet@hdd difflbRcd 206R5ta8A]
val uelgof t he %I Eachi ngeexponent g or %é]éév? oug*@i‘%f;l/gc ance for

ohaiwasdergith sfol cr samplovol thaifefdri uset waghptirasdconll &ppgoach of
2; Fig. 6 is a sanple dye spectral change conponent
Fig8;88& with the first approach of Fig. 2; Fig. 7 is a

smarﬁb?%gﬂ If}asfgi oghsgﬁ%gtcs %{g/ﬂggqgge%(se 23 %ﬁg%?ogrn%ftiofnoéf tlfl%eesystem 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 treating natural hair, previously dyed
and/or bleached hair with a hair color treatment. The term “hair color
treatment” is defined herein to include dyeing and/or bleaching hair with a
single product or a mixture of two or more products. Generally, hair color

treatments to dye hair also include a bleaching agent which opens up the cuticle
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Fig. 8 is a flowchart show ng a second approach to
calculating a new refl ectance spectrum for use with

wo bwesyssem of Fig. 1; Fig. 9 is a flow chart BEDW20¢/000210
how to create a nodel for Use with the second approach
of Fig. 8 Fig. 10 is a graph of reflectance

TR RIP SR SRR R g gt s
e BRI iR FOB )y AU S
wHich Dabe Eddhahy effedirtn HREHRRAHS (eMBOAYVENT Sdyéiag” is defined

present invention is a hair color determnation system
heseid aseadsdelg obloyagaenisriot the hadf. Therterpr fhledqh’ex “ieaching”

s SREaR BB L 2 S BUEEER, mhe presen
it HRAERO0IN Dot SRS 0 1" s MBI, g

copipsiRits cdiised byothet IRAE BERr Rf@Bhehi Ad thitalatiid 4 fHal OF new
resulting froma process of treating natural "hair,

refleeancrispegtmiyeds anvest firictian dchnhimitial weflbctantmspectminorThe
tre t. The term"hair color treatpent” is defined
tem 9.135{3 0% ndElde rgb@ftﬁ@ceaﬁawarulm tadeimgdnas rtﬂw clated

' p 0 ] X e of. two_or nore products,
refibinds PIpReHEh, oGt Mt HGT 8hine " Taft AR 0! £ WEbBsed or
hypBfHeiidal Rak! &GP tRAIASHNITHN G CRAASI VR fIddBince spectrum is

cuticleand allows the dye to enter the hair.
deTined efscr eyeaswred raflbetance spantrym efuchainsamiplé prioond yhis hair
dyei ng the hair also includes a certain anoun

t of
comMreliednegt SupLertrdesswii gioubddeanaipd daati thg hair samplgnmay be
prb U5l e PrED B, LSNPS AR R B
trealh8AC NThO lternb ! € hrdat ﬁcﬂ'&}’d ¢d I gtheliCh&leth 38 4 SRhEGONIhat
pl gments w t]i"l an oxi di zeé orm e present 1 nvention
transfdrasetic dnitiab speuitiung ifitoer flusl @nchebi eagivcngl shagier fahction)

change conponents caused by the hair color treatnment
withait conyertig e iapat spctaum fabw 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 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 no. 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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reflectance spectrumas a direct function of an
initial reflectance spectrum The term"final" or

w0 n@e/0903e3 | ect ance spectrumis defined as the PCT/IL2006/000210

cal cul ated reflectance specf#4um of hair after taking

into account a proposed or hypot hetical hair col or
treatnent. The term"initial" reflectance spectrumis
def i dbg azsreaenteammeletwrr ef¢ashesintwos pamiroachesf @ happly the

ARG En fineds et%%tlfnghﬁn ST RO g A ——
cHRYeLRBEY! 'h%V ﬁ?@lﬂgaﬁ?ﬂ é)t)le%l) hed o %%,e\%vﬁﬁcil Affects all

current prop OSG rea

wadtlengthsf ofithé aitial $elefthmRdsRRAARID 1ﬁ501ﬁef ‘f C%rh% attha?tﬁnal
transforrrs the initial spectruminto a fina

fteckpnsetspastramaibe seconst apmpacti trtw»Mesodnfmng larsgetzm change
I
ﬁw&o” PaJRhadH %?vé%%é’rhisg%’q%ﬁ%’Eﬁﬁ;ﬁerbgﬁmgmmsaﬁm change
I ckFarl ane et al
RSN AR AR Y RS 208 b e o

arkprl dteafialireflecthdesdpeiridp. pat ent application no.
2004/ 0000015 to GrosSsinger, et al.,. The initial

r ef | Baelaof ethsspaeqtpmmhascnb uttseribed G ahoeaddtafl BB1OWS The first
Pheonel anin) as well as factors

é}tgpgpl} % hg%f’%&eév‘i"gb detpperce( tof FigspRi toahl The S@S)rp;happnoach is

OSEBMASPBRpsELO0003D 0,352 B By Btnion o
thacy ab@\%méﬁtidheﬁraﬁﬁf&'éﬁéé’ isieRekibad thtljaf'erg%( tfoal%%oﬁl' S

general ly not known, therefore a naI ecta
specReferercenisatovy enati fr Figheld wikichds Rlaﬁcﬁiéi’n&‘mp{fie@vabf QMair
rl 2004/ 0000015 to Grossinger, et al. However, wth
cqlge S%thqmwmm df, thehis cenrstarctedrand mpletqbld: mﬁ abedndance
t knovvn i,p arder.to aI culate t
with & breRERe ElnogitR Br e Sefhut, ST5melt fodibfes a tight
[ al c a
oo roE Sveedze g aﬁ@“ pPSSioRici o) PR 16,80 o user
interéwert8. i night cbHectirpadbeise 1B0isaBRi QAN 86 lhfég@m%' gn@re or
tgbovemantl oned teaching. The first approach 1 nvo
0

8 i Wiiaglea giér,imegratmgan@mcm nb:gmnchumtmg alevyes 1) has a

N BTN -
B e
in order to produce a reflectance spectrum of the hair of customer 20. 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 a relative
quantity and 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 spectrophotometer 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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function for each wavel ength separately and then

appl yi ng each spectral change function to each
woerwelgnsgt h of the initial reflectance measur ePERIL2006/000210

order to arrive at a final d&flectance spectrum Each
of these approaches is described in nore detail bel ow

agq fti é)st approach js described with reference to
i@%‘? LiRsTipImnG calculAbions jp sdentd detdomineg aredppiophiate hair
ok [ t4h 19, A preferred nethod for
Zappletirrgdgﬂ%g%q‘gf (tgﬁteos?zera évgtrlr%rﬁt?@ngﬁrtéﬁf}?gedﬁhﬁo‘i’@sm 16 are
esibed bisd mure hot4il avign Gefdrénda e] ENEL.J $,:0
made to Fig. 1, whi ¢his A schg)rmth}%Sé %eﬁéwfgfﬁge$gftF%°e 18
tparadly l&gem imnanouse, leyyboard 40d thdisplay &S FHCERHABR0 to
CI? 0e%abl e.|eg accordance with a preferred enbodi nent of
ihgeiEeddrir eglor @swiell ante ghiessinatricigons wothedetiidresser of

j ot,oneter 14, a processor 16 and
ng’dlﬂislgaﬁir %%Plé?figg@lg&&%?&%pdﬁt collecting device 12 is
t ypi Rafdrahcrnis indive i sspbegg:ar - r_syitable.
|'i ght-int egrgti ng&gagr\?itgglﬁﬁlb’gg@l%ﬁoé?ﬁ%§H%\§:ﬁ@3’“ﬁa first
anpagach tmeglculatingar ney roflestanwd spddtivih fhs uld 3BA sl of
F.hair of a g%;stontér 20. Spectrqp%otoneter 14 anafisszaes
ighd- BYgWey Qb1inie \é‘alqs?flgwman Gmtiaéateﬁlﬂgalﬁ?evépﬁetrﬁ& bfl afhair
r r e asr ect ance spectrumof the hair o
sag{ sfg’ortr%ér) @889#% ﬁ?gftﬁ%c?‘glﬂgggs Bé‘g‘tqsﬁl st yigfisad | by haeans of
muBidyiapgtite rspe b ng._7 nanoneters. It :
shgﬁjllldgbe nos? egt%tﬂhg%1 t%e ?é‘?ﬁe&:?’ Xn%g)tggtggrﬁﬁ?n pigments and

bleachéng eefliict ref Hec thairc eokoy efredthfnterish e gt SHEARGGds. T new
reﬁg%?iure of reflectance is a relative quantity andis

Rcq |s§pep@5?1e§§np@l§uh1§e(h lp»lern'mlltﬁlﬁlghlgofarﬁ i‘ﬁ%ﬁeﬂe reflectance
ciive,reference material . Each spectrophot oneter
Splég&l!ggl %}'f' v\ém(g ¢ gm? CAChE SPRsteal icgpng%l peflan. kifewmalue of the

i : lj brat.e th
spéétidl eERAPEe ARRFTONS gg%ﬁéé Nife rw%ﬁeé%?%hs gé bg " {t‘)ﬁﬁﬁ&eénﬁtaé r the

spect rg&?}otoneter ore use.
quastityabf yetmgmentshaddesl Svthe abidpiat | bl cdlBint
spect.rophot onet er shoul d gi ve thﬁg%e?%%%éﬁgn%%fam 1n
eV%‘SeI&W tPls 39drsoethe alye spectral ahianpé ﬁngﬁim’l is Qﬁ@é}%gﬁén@émhe
rocessor

T NG
e UL 1 Bate SAmE 19 ABnc GpieCioctg amospizatioms and
ratexsept therhiair'sepighyen®s GiRsiSRS thbitdkft. 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. Unlike
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
following equation:

R,=R-D. BB (Equation 1.1),
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described in nore detail with reference to Figs. 2 to

11. User interface 18 typically includes a nouse,
wlxegobo2n3ed and a di spl ay device for custoner 20P€DIL2006/000210

choose a desired hair colorgs well as to give

instructions to the hairdresser of which hair color

treatnments to apply. Reference is now nade to Fig. 2,

whi Chvlicge &, {d B¢ reN8éthn S WcREnPaftéd &dloARR (ARSI eHctance), R,
calculating a new refl ectance spectrumfor use wth

i$ Whé eritbtante Fipdetrbm BYf¥BYcbrihpt Eﬁﬁw}tﬂe@!écta%%’)ﬁ NpANs the
e

initial reflectance spectrumof a hair sanple,

spededli change funetion| caused) hyr tueslyei sigdehitned By isrelan spectral
f nmultiplying the spectral. changes caused by both the

chpRepIcEA §a§$ﬁf By ﬁ&h’iﬁﬂ%@gp t. dihervadugspf bath Band D are
Ao f t ance

LSRR b Hin P RTRE SURE o 1ah5) § A e for any

on@HafCEFIBE @it Bray D3ard ifdasthdBhesE teBhif @ﬁﬁg[@lExp on

change function. The val ue of the spectral chang

the othter drandviardependdnt ronntheetotalghttial Ireflestanses ofrdlie hhiatsample.

the quantity of dye pignents added in the coloring
Hor roaygnicafi ﬁg‘ P dsristmpe asnthey esBecifie rbleaghing sapetralochange

- dy,e_spectr hange fudnction .i.s, i ndepende of th .
thj Rt s el 60 2 it el Mt FTGRERRY pfit A s
térfedAsLReoBHe@P BRalRIngCHRBER dHRGE AR £5BiE AR Rdent
hair sanpl &€ to another "due to the concentration an
of ghé dairofanipie. Whe rdeterpiigatort of B, i randoEiy éatlesenibed below in
Therefore,  the bl eaching spectral change function is
npEgedefalt wih referengs (ip aFigse| xSankhe genetab bleachjng spectral

s BRSSP S 15855
AL 10, okt L RS PR s

betove i inone detadl withsefdesivettbFiglim cal spectral change
of the initial hair pignments due to the bl each
i ngr &4icernodgls areechrapeterised fortanywreeort mood bair Thborftreatinents

R e e e
t}éa?mmg ﬁse?ﬁregﬁ%dtalg?t)n ectance spectrum after
inal reflec

coloring ance), R
Rf = Ri '(Dl ) BlExpl )a '(Dz 'BzExpz )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 1 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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is the reflectance spectrumbefore coloring (initial

reflectance), Dis the spectral change function caused
whooslego3dedye pi gnments, BExp is the spectral chaPgBIL2006/000210

function caused by the bleaghing effect. The val ues of

both B and D are wavel ength dependent. Exp is the

exponent of B. B and D are the sane for any one hair

col orl herfzfatqqemuatﬁna Ad2 Disamsed nide pleastatihedf a t hewhadéflectance

h hand d dent on the
SP%‘EQE%mi ﬁ'i?liﬂi %\gf é&ﬁﬁ%rééceggpﬁclﬁglm gﬁjlfengarapcemgfmtmﬁ of hair
i A d h C eacnl ng
cBRR (RN REE: UHEE tleoni G A%t BonotdseBS by ber it Erporatints
f(beé@dh hid revaly ?@s&@%tlﬁd‘ﬁ BoRkr thai enﬁﬁﬂxﬁrés @&H&ﬂoa f the

the "general bl eachi ng spectral ange unc I on
PtQSeIlhmé’pnhol@ atlowk dabmildtion of amkﬂereﬂﬁaarﬁetsgémrmt be@.@d upon
is described belowin nore detail with

ﬂ}ee?aé}l% ﬁE%thaé Oh?ege fangtipns ofTthe hgan é@l@lr tma@acntsnghen the hair
o3RS el MO LE RS hEselves el ot E’lﬁ‘:wim wapfipreach
hhﬁ&@ﬂdﬁ@éaﬁﬂéhﬁh% hEDCRRYES fh@'dhaﬁ g && o3 (tty a'gﬁ%leach)

descri bed below in nore detal erence

f®: userinaloterdshingen acwhspeatiar d2ee Haor aﬂéb’aﬁp&&aﬁbn W Rly that
h.al r color treatnents separately, the final

?‘éﬁpggtt%@egfp@}é itselfy Ngwertheless, the mnwspd:ctzal change Euraftions

ik VSR L RN dtigd 38X b Stontug, e psftraﬁfah@zea@acgéés by
tlﬁ%la%ﬁz@%h@ént&ﬂﬁﬂﬂ@f tan Tl%hj é?)gér tfrge{tnféﬁk in ﬁ}%l rﬂfxé{l%eat TR le.

hair color treatnent 2, respec

ar e Aﬂdltgmaﬂyadts Mbadhr@mﬁﬁr@ eila@ibad .2 YRk ons for
hai r col or treat ment 1 and hair col or tréatnent 2,

r esp@st+ REI- R -ERpi BARY® BYp2 BF& Y he bl eachi NBq uatllon 1.3.

exponents for hair coI or treat ment 1 and hair “col or

t r eaThewfore, respectively, ais the relative
concentratlon of hair color treatnent 1 in the m xture

and B, =R {2 - Blé’f"‘a‘ti(\kglo‘.zoﬂg‘?é’nfr ation of hair eq&ion 1.4.
treatment 2 in the mxture. Therefore, a+b=l, by

def i Therefore, it is sdehlthie appreci ated by those ordi nari | y
skilledinthe art that if
R, =(R;)(R.) Equation 1.5,

where Ry and Ry, are the final reflectance 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 a new reflectance spectrum from
two final reflectance spectra 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 calculated 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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nore than two hair color treatnents are used then
equation 1.2 includes another nmultiplicative factor
WO e0v6e233 hai r col or treatment. Therefore, equarPCDIL2006200210
Is used to determ ned a newjgefl ectance spectrum from
an initial reflectance spectrumdue to a conbination
of hair color treatnments. Unlike the prior art, it is
tho spevtet chanye fongmmsosfaeother hakndadlof aeagaett, ®ycthe relative
every possible hajr color treatnment, m xture. The .
capeardiations t ok the eBaint colay etieatatents |iowthe antwiee, i mspedtively.
new.refl ectance spectrum based n the .same .
AUSSERETY ARG SASRRELAL B (R ccalGHlptedopeipe: seuatioands by
: ' t I ed 1oy, & I
Ptiohi S Frke)MeckhiRa! S0l and dhe ORIy T AP color

tleatmatnteaid higs fmab ecfladtankes ppedtiah duvangonfynsingonfother hair
(dye and bl each) |for use in determ ning a new

colsedreaiment, hyhtheheglative cencenpalionstaf dhe dfainadlpr ttteatments in
hair.col or treat t by.itself. Neverthel

3 LN, SRR e 1f o iR BIO0%, GAUIang dediadiont 5. that
a%g&t%rx‘ga?l@ o bé&ﬂfrﬁ‘% pg%ﬁﬁgﬂe{ﬂﬁc@m hd PRGBS o povwer

ere Ive conce tro e halr Co reat ne

off ntheheelaiivd Woncastraionsol Howeddd,t itonalll ¥e @spraciatdd by those
rearrangi ng equation 1.2 gives, Rf =R -R -(Dl-Bx E')a
ordiparilyeskilisgin therytithat dive facsors Toatdboapporfoned RyDhuBiplying

oS SRR Lo, o ThereTore s

o 25ghllnd |08 24P SRR, SRR FLGHRLR o v
BSOSl SRS FROIREAB8phln sc
af hypotheticdli halr trefinemttardidewsperst itawdllieb¢ cagpreciated by those
0% i%rii yatsf.(i?lrédoifn t%i-glrtct la‘? reqtuglt?grtlsmelr.]lt,si.Z and 1.5 can be used to
determine a hypothetical hair treatment as a direct function of an initial
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 22). 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 D and B
(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
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 non-additive function” is defined herein as a function that

includes mathematical operations other than addition and subtraction, even
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Unlike the prior art, it is not necessary to perform
experinments for each and every possible hair color

W e@avmses m xture. The met hod of the present PC/BERZDI6N00210
al l ows cal culation of a newjgeflectance spectrum based
upon apportionment of the final reflectance spectra
using equation 1.5. The final reflectance spectra are

tloaighuhddigionf fid babtiagti@noforid paitneNtiee BsRFioRY For example the
t hensel ves wi t hout m xi ng usi ng equation 1.1 for each
y

DAY Spastiven 1ts redt sedelty. dateemafedr by addiegy thpdnitialinspetirum to a
hair is g ul at ed using equation 1.2 by apportioning
sperwp Of the:lyehange functions of the one hair col or

tr eat['i’i‘énge ) egrfetﬁ&?clgrﬁlr Egeﬁ{r}féﬁl laf ”QCﬁéﬁ)n&ee&{n gpot h rdlrect

hair color i Ve concen

fedctioneohan inigial esflédi@miendpriiuinand@ ddsired reflectance spectrum.
respectively. Alternatively, a new spectrumof hair is

Fisst, can dnginl usifiegtangaatpiestruin 5s byeapped thyospecrapimtometer 14
m due to_on|y . using one hair

final ef nce s ectr
(16189@ 2/‘(;)r e"Lh‘iCr?Q t PAR |W&PIVP§fﬁk1§ctr‘éfrﬁ%ler NCGnPRRFEUm,

T S T —

selecﬁeae(umﬁm ,Fd@ﬁp%mg/ éhﬁatldd 18 gg@ il R by Ry, over the
equations 1.2 and 1.5 that apportionrfent is performed

wayeleaigth rapgehto gaet desitad $;’mretralq uhdrigenfunotioh enyltipkr oDDB?
t he rel atjve concentrations. However, it wll be

(hlgpk 82)-atinnllyy tomosachoniiablel haiskeolpedreatimens and mixtures

t ld b t d | t
@t OBy a¥ s B, E iBPRNNG piiGer s o B o hair
con ﬂreﬁn?én@s tyy s Sal Iy, g 5ed lkocﬁ%{lfé%c@t fo %eQeWhlch hair color
refl ectance specltrumasadlrect function of an

tieafnhére | orr mittent ﬁm:@fsmevtdee rtha ribsesthinatchhiet ihealesired rspectral
treat nent. However, B%yl appreci ated by those

Cb%genﬁmqunéwltlpé@ e (Biqckt lﬂe@.ﬂdét i® dgtexmlne a spitable
and 1.5 dto det elca air

3ite 0108 R aRS GF st St o SafPiged bt “treaifnt is 2

Jeu f

R DR NS, IR ol 2 Rl PBbiahEe PR Tond the

désirel refiettande spedtmmcal culating a new refl ectance
spectrum due to a ipot hetical hair treatnent as a
di r eBquptioredilols based aniapplication ef Beet' ataye

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

Lw=1, . &% .

output input © Equation 2.1.

where L, is 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, I 4, is the reflectance

spectrum, R. Therefore, the input intensity of the light after reacting with the
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spectrum First, an initial reflectance spectrumis

nmeasured by spectrophotoneter 14 (bl ock 22). Second,
wWEe@eoyseF 16 receives the initial reflectancePCT/IL2006/000210

spectrum having a wavel eng2 range, as an input.

Third, at |east one hypothetical hair treatnent is

sel ecge_d havi ng associated D and B (bl ock 24). Fourth,
nggysal; haig d@lgmﬁng%@ndodyfea@nar;mai fronopogviouse Anirecsloss mewes the
e 26). Finally, new spectrum of the hair due to
lélﬁépﬁ%gﬁsﬁh& iSB%"fa{“Héiqf%a%ﬁW aﬁﬁéléqr £(s) is cal cul ated

using_one or nore _of e%uati ons_J.1, 1.2 or 1.5 (bl ock

28) . R; s/ seen- ghat“tHe Hew gpettrifitts a .

subst ant i al [ non- addi tive function of the hiduation2.2.

trea d I Ni;tial reflectance ectrum Th

term s%{)fg?egn? ?tgﬁel éﬁmgh’%aoadi??W/eh?ﬁngf’f(gn%rqagm%tﬁi ﬁl"d final
réfwcame@§e@¢rﬁmr1§tgii% [_t,}h,at i ncl udes mat henati cal

operations other than "addi ti on and subtracti on,

event jough yaddi t i ea,.gnd.sibtraegjon.formpart of the
functji?yfn.— Fﬁ@ulekgrrpl e, the héw é%)gc(i r umé?_g%ﬁ”gfl‘”sol ely
determi ned by adding the initial spectrumto a

spectrum of the dye. The second nmethod is foggyation 2.3
calculating a hair treatnent as a direct f uncti on o?' |

an i diorifurtheesinaplicity; D sipatsfined antie aetitisierteshsmission of the
regé,ectagée spectrum First, an initial reflectance
new EadArdsthitelers ed by spectrophotoneter 14 (bl ock

22). SQecond, processor 16 receives the initial

refl ddtam€e %Pt rum having a wavel ength r ARG HAT 2

I's

input. Third, a desired reflectance spectrum
sel ethergfqms) outbstttionFafr tthe tesinsg ofqequdtion 2.1, with i of

di vi ded b , ~over the wavel ength range, to give a
edfislion iy ShAE) PEIGHIRTEHHOMRAUSHOMAS EBIES, of DB Exp
(blo 32) ., Fpnally, for each avail able hair col or
rﬁ:sR@a@

trea m xtures thereof, D xp is cal : in
an iterative manner (or for a mxture of hai EH%%{[(%?Z.S
t r eaf "gyLRd | I | l.eulated) to see
whi ch hair ?%Ficl)iﬁ?éta rtggg%ng%teﬁé?g%hgtt&?etﬁgr%%hgo#bsﬂi:%{ﬂndgg the
ndtiwal pigyeersts andtpebyvibas dhes Methiehad FRRBeea lonfitd9Fom equation
function multiple of DBF*11 (Block 34) in order to
2.4 cngr #dnDeyerthipless| theright absoxbing chatactenistics of ithe $8pOnents

%hat tdua determ.ned hair treatnent is.a
are included i 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 bleaching) 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,
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substantially non-additive function of the initial
refl ectance spectrum and the desired refl ectance
W@ p®e9wind Equation 1.1 is based on applicati orCDfL2006/000210
Beer's law. The intensity change of light interacting
with a light absorbing material is described by Beer's
law as: r _ r -a-Exp-| output input Equation 2.1.
wher epl _opt gut hep the output intensity of the |ight
inpu?exfs_ hjé@i put intensity of the |ight, a%rqél A 2'5
|'i ght absorbing characteristic of the material and Exp
repr@‘é’&ﬁ?as the concentration of the material, / is the
propaga#iffon lerl%‘tgpcﬂzfgli ht Ié"? tgheh.sa ll)e. / is
appr o3 Tttt ed (gs S anp T 8Btk sanpl nd
therefore is_(not referericed herei nbef ow. AnyE%%aﬁonZ],
addi lpEiei gl e eﬁb‘?fé@ 'ﬁﬁ%t?&f% f @ﬁﬁl&gﬂe&u'ég(il ?}3920&?aching,

material 1I's added I pltcafi ve nanner.

ase, the Lntensity measur.ed. l.oulput is t
@ ftreaertinot b et HhOBel(REREfiEtes o e Biincils aftEoted by
intensity of the |light after reacti ng. W th thenatural .
blpgching hgdere the mxidation eavsed hy the blpaghing materiabi @ 4erpreaching 1S
colors gives the initial reflectance spectrum of the
theanbsogbiggt ¢haradteristjcsjof-theasame pizimentntadtes bleaching and Exp is

revioysColors 1 i ~ 1 input ' " Equatjon 2.2. ..
then AR exnosent, B iy depRRdean Ao ohatial ahainpigment
. . : Ve . DT ~ )
RGPS o S066) TS Bl shefod uiny
BufRliinih).” Thefe@o@] e Zafie bPrEfpINabiRE FbAPbhe! hdir daniple to
defined as the relative transm ssion of the new dye
anoitied, Thehealué of &xpidairelatis wdth the @t reflbetaréooLhair at certain
S i tuti f the f ion 2.3 with R of
wsal%fgfetnlgh% e{sownillobe des%rib%[irlrrsi rr?ore%%%ﬁi \Izvgtrlll referer\;\gze to Figs. 4 and 5.
Fig. 3 is a flow chart showing how to create a model for use with the
first approach of Fig. 2. The dye and bleach spectral change functions need to
be isolated for each hair color treatment (tube) 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) (block 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 multiple for
each hair, D-B*?, is determined for each hair sample by dividing R;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 bleached 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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equation 2.2 and D of equation 2.4 into equation 2.2

gives, f =1 Equation 2.5 It should be noted that the
wezpongsss for the |ight absorption of the natRCHEIL2006/000210

pi gments and previous dyes PR the hair have been

omtted fromequation 2.2 and 2.3. Neverthel ess, the

I i ght absorbing characteristics of the exponents are
cangslduble thé woleqingt provess. 5 mginly eluestastheatye pigimaits. Therefore,

efl.ectance s r i ncludes the |ight absorbing
féhg‘rlsalé‘feé@‘?%sly EEE%EDGE{Q%H %lés@%ﬁ ents. The new col or
exponent is omtted fromthe equations, as it is
assumed. £hiD tREA LghtPatfsog gbi on of a S GO st ant

over different hair sanpl es. BI eachi ng tlﬁa
|.i ght absorbing material tqg hair. Howeve

bI eaérmeh@f%% (he dya Speelf)echange rfemticgh tD,au@samtr@ptezdnbsoﬂmdmg

e anid Sirrdfer oReAIRR N iF ohisd SRR ERL sutdlan ofpr the
pRvibhgy Wl@ﬁ?*ﬁl%h@ﬂ‘%ﬁ%&tﬂp‘ie BBtR%ayt ed as a change

caused by réeplacing the pirgnents fromthe initial

phas ®ithithgtlee bneapd edehe Bgdctio thamd ﬁlrkﬁ@nﬁhﬂﬁﬁﬂ@ss D-B"?
having a_ relatively higher transm ssion at al

foratd h@m@ iththet sam;db,ybscﬁwsdyﬁgspeetrabchangetﬁmctmn csleulated above
.the equatio redlctln hai r_colori

in ﬁ%‘ﬁﬂ/gﬂ Bives 38 gverpge spegtr ge funeiion (BBl 46).

A ARG, IRl e oo

egpamge. Neeriheless,aus eBxpyisbieReRined i@ Beftion to this average
oreBI eaching is the Ii ght absorbing characteristics of

blgaghiniggsnestrsl elidgnget fanction isaealodlon, ﬁmfmeeagdﬂbleachmg spectral
iR TIRBAR R Gted oS dped f & faPaetianio | 880df2. he

core 8 4O abogt BLAEITR, RGOSR, Fip RSpPLRRERLRR e
ngﬁglr?nﬁ)g:glrrégggtgtﬁ?%ﬁf t(Hr@T:a llﬁir%fley"ﬁi%ﬁﬁ% ot thiss %éﬁqmﬂaﬁ&al 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
bleaching 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 step 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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Eunel anin). Therefore, The value of Exp varies from
one hair sanple to another. The val ue of Exp
w@eersedeses wWith the total reflectance of hai rP@L/IL2006/000210
certain wavel engths as wllobhe described in nore
detail with reference to Figs. 4 and 5. Fig. 3 is a
flow chart showing how to create a nodel for use wth

funk€iohiofthe aERPER}Al Rfletiagice @loaa SOEYI@ iPa@nk&adrig. 4 that the
spectral change functions need e isolated for each

bleaching @ixppnentesivs rsubitamtb@)y bewbaweﬂhytotarhmlsla | refloetangk.
hai r _sanpl es. are taken Then he
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uédobﬁﬁlktlféoﬁrst Alppedadbhef Fagm?. eBrdv&){f%l}b d96d Qfahoézﬁﬂpleﬁ lteact the

| ectance spectrum (Rf ) each ‘of "the sanples is
samasmtyeak safaial halit sakplées) excEpéthat thepsyéeots dye affecty ghe hair

function ltiple for, each hajr det er m ned
reffkﬁch@&zhvvﬁu r CallgRp|aed r@g)ﬂfﬁr\mdhﬁgcwe?wr@e @snbheachmg

oot St 40 gt LA, AL PPl 7P u5 J5008 g gros
artEi @Al ¥&lbYs henglybhgaahinRoredr gak rrﬁ%e (hPYpectFih owﬂiQh is the

m nutes). For this previously highly bl eached hair
mestpefectivee Themefade, hygaeoiding Hhis pargei so pest €0 idetdrnene the
bl eachi n% chem cal reaction during the colorin
t

relatdonshismbehvesTs Hhe bleasking puponastiand thel BHiipgtotal reflectance

i AR o g oG LT aspater el B RG aigyes pgood
c{?ﬁglr g@ﬁ%‘fﬁ’m%t theasa! RshBAIPhORSRT tht eaembﬁnglﬂ% ifitial total

ye pignments. Theretore, for this previou

réflegitdncehisage B0l td625 naaomkters farge is pnly>ieadepf pyedicking the
~R~ u ' u Equation 2.8. Therefore, the dye spectral :
cwaﬁgblelaghmgu expormnt | for ex speaeifiedhdiy sample Rhcenther bleashing

cnsER U SR B iMSedieoh 1 SnBLaRAEORGG spectrum is

Spectra?(gljtﬁﬁlfuﬂ‘l‘% D38 RITSMRaANRERRE © of t he

ange ctlonnutlp , for all
hai r $t should alsddpheted byattthe b@aé@hﬂtge@ﬂfé@foﬁ peaviisusly dyed hair

function cal cul ated above in block 44, gives an

isaserlge anll dasshiefligciiye thamthe: hieagbinguekfestofor (ntewsk had) As a
result the bleaching exponent for previously dyed hair is smaller compared to
natural hair. Therefore an inaccuracy in the prediction of the bleaching
exponent for previously dyed hair does not significantly affect the calculated
final reflectance spectrum.

Therefore, using the step of block 50, the bleaching exponent, Exp is
determined for any hair sample for a particular hair color treatment.

Reference is now made to Fig. 6, 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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Thi s average bl eaching spectral change function is

equal to B powered to sone exponent. Neverthel ess, as
we@oig3cet ermned in relation to this averagePCT/IL2006/000210

bl eachi ng spectral change fuygction (see below), the

aver age bl eachi ng spectral change function cal cul ated

here is used for Bin equations 1.1 and 1.2. As

desciTheatethodvdesciibed bbeaciial® @sado nem molifitatidns, in order to
correlated with the initial total refl ectance of the

detarminer e eBaeonf poly bleaching haimwitheuhasingad dyai fn padicular
oo ool lige Heavssangpn Gifumee (RisHam andherefore,

concentrafian T?-)o@e pi gnments are the i B ate
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t hos Bypwgpwiftistredic@ivn, blige it aghalgagypseigtccordiice with the

met hod for finding the correlation curve is as
magiutegiarerts instructions tandalis rappliedt fonce fasticwac Hendtht bf time.

H) BB e b S oAU s on
59, B0 3 ST FOBE g BY il i

tifie ckihd ! trédtfle@t !t /taLats RREdicAoh Dfhl Skl RASUHE BldaBhed hair
the steps of blocks 38 and 42, respectively. D was

halpse detenmdné rthe heequired  daratilonc bf 4the  Bloaekinge pevaessienother
in lt)he. s&]%p of hl-ock 46. Reference is now also made to
vrigblesin the bisasling pypegss isthe sixygen consentsian Hspd (3%, 6%,

I bl e | t for natural ~hait
o2 81 196f iy LR FRER Tl BDERE Mlgh Lo gt n g o
iSigate HeeBpédirdlOchmigeh chit@dl Byt iR bl a i
determ neg agovg t og(ét ﬁe bl eaghi ng expor?é%?g&?g%pgﬁal hair
samplesearsttakemf The duitiall Beflevtaiodespdotraf Ry dofatteuinait isamples are
t hat re%ir esents the exponent as afunction of the
megsyred “Ihe samples | ase tther dlqashed k The)blegching iss performeninfor a

' -t ha h | eachin xponent vatlies
stite P aind, Sy B bR BreRor o flldchor cinestraa et the
RISQ1E §hé® iQuFROSediR dficd- | cfhd f
St oFaIS refl ectance agg% r%staﬁaeg\%%fgngf eﬂt‘}héeggf%gg’@ﬁ?ggl% general
bieaphimgrdpettnl phangeofustionlyRdis perforsrdbyedividing Ube roflddiance
the first approach of Fig. 2. Previously dyed hair )
sRetpine ftes slae bleashingnky Wheyredlectrace specthizm befenepthedhleaching,
except that e previaus,.dye affects.the ir
R Borit, T 87 6 S840 ofi sfhest PR AR' Al the cateutated
BCFuA&icHs' Qrt REEVERRrAE B SRADE™S 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 bleaching 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 also 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 bleached for a short period (2
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exponent and the initial total reflectance. However,
it is found that nost artificial colors mainly affect

wo b@engdesi de of the hair spectrum which is theECHOIR006/000210
reflective. Therefore, by aggi ding this range so as to
determ ne the relationship between the bl eaching
exponent and the initial total reflectance using data

td 4 fRre3hridother% RAleIRIce spetryal i8 HAEdtur &) Fhe same samples
achi eves 'a good correl ation anongst the data. It

aghthehdlershadifedan hdditioankshoat pergod bEtime. Thalrefle¢tahce spectra

reflectance usipg 380 to 625 nangneters range is only .
aFfo gl MERSUEPLal B HGeedS SBPFAEd Toioe ABHITAES Eapteespuc hair

sé@gle@ Tpg I‘Hgﬁ% é?&%erd ﬁ?ﬂgll% %Secpf'& gleéeﬁ?% beI @%C{y'hag%qshlg between

onen erm ned, he pre

thiebleachinpeRpoRant F¥P) hkd BRItbal iBiial fsflddihdeWf! the 3B%And the
of 380 to 750 nanoneters. |t should al so be noted that

bldgaechbigdimbinsipgeliterregressipn oy iterstlve mythddhallierefore, equation
s§(;raller agd | ess effective than the bl eaching effect .
2%t usatl die Setermiine a fmahreflectance spectpima a hairgluscdediiesshing by

for .. [ d hai . is snall.er gconpared. t .
o B ST Mg T 2R 2l Brne porioa. 1
sR6@E it Ated Ahat B & Md@géxmdae of HROPRALhihStirRE G4 %frﬁtial otal

dyed hair does not significantly affect the calculate
ré¢flevtdnoeeBl s otadidoenly fer & particuldrecceicentatiots bfi bldabkingt soution.

?f bl ock 50, the bl eachi ng exponent, Exp is determ ned
If smothey Rangendrahipne of chleaching t salutien sabeingouged, the above

t t. (Ref [ d [ 6, which is.
kb e A BUEHRS: hsGB b Raels Fishgdiswpieephation of
bidathin wgeh of Fig. 2. Reference is now nade to

Fig , which is a sanple bl eaching spectral change

C orrbb“li‘@rﬁ isf pflowsehast slowing the sstorpapmeath ef chicglatidg a new
It is seen fromFigs. 6 and 7 that the dye and

reflecsdnsien gpesyawn ror ewangth fthacistare ofakjg.ndn-Anotbar way of
P R e S SR 0 B o e
| . oot .
ST S 08 A g
of fiechaials ialtRidgeflédtnndd spectrandsdpaedtelyo s mBnfiomedBabove, most

Equation 2.9. By way of introduction, a dye is
haigrdygs cpntappbleaghing ageots: dhese bleathingregents affect different hair
in different ways, depending on their different pigment structure and
concentrations. For example, dark hair with a higher concentration of
Eumelanin 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 wavelength
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

plurality of associated spectral change functions, one spectral change function
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manufacturer's instructions and is applied for a
particular length of tinme. However, for bleaching, the
wWa@ppbiogmsd on time varies greatly and depends oPCTOW006/000210

much bl eaching is to be perbgrmed. Therefore, since
time is a variant in this kind of treatnent, accurate
prediction of the final color of bleached hair hel ps

feledRhniviecledahr ©aue e fihotioht are défihée o @rERv&length for a
process. Another variable in the bleaching process 1Is

spérifiopireplonineatnienit the rextraetion 3%thé finabsstactat@eyspeetrum is
order.to reach,the desired target color. Therefore, .in
sigpigBHorwands Gioaik Ofhee Wipelsy fhip _Sgﬁ%}fg apRiogeh dnyglvep defining a
I. .
st SpAPRACAST e GUE Puvcietin SEPRARYy 8 il BblyihReach
Sgé&rdﬁeéﬁw@d-ﬁlﬁb@oﬁ afp| @harvavielaipt®! epctied initfa€ reflectance
| eaching 1s perforned for a specific tinme and oxygen

measeEmend tin orderTivearifel aica dmekb refpentance, spRetrom. tierefore, the
san?l es, are Lﬁpen. measured again afte aching. . Th

bl .
spesiiadt chaness fTynfliogan¥ayi aye iﬁ@vgka&ffarangwfgéhg initial

' I.s perforned by dividing the reflectance
ré%%g%ﬁrc%n%ipgﬁfnéﬂrn'the bl eachi ng by the refl ectance

speci yhofeedcpsit thd trdth R aRioles fher foﬂ@@sﬁng %ﬁﬁb%teﬁh [Ferst, the
stepis simlar to the step of block 46. Al the

refidatancat diffeRericarfot eacis dasceett harvckhngtngdd®] is @abnlated using the
a better result. Simlarly, the bleaching exponent is

appropelatt epeviralh chimezet doadtiomifor dhatr efdvebdngtice Tabns e final
hair. Therefore, the step of block 50 is perforned to

reldecinfenealise Rel at i shaHnisdpby waedinghthe @liatag reflectance
RN R b AP LA e BN Ly pctenso,

Y BB T e PR BRr SBAGELREr Aot SR Baaing
ﬂgé[ ke gdgg:re]&gﬁft%fénce mqggfte "the rﬁéb%y%dﬁ@?ﬁl%ﬂ@&ﬁﬁ@@?rgébﬁrhis

on the“duration o eachi ng.

S e B PR I AR SBatidn ) of ore. - exper i ments

are pgyforr u_z?_iE&ngeveral hai r sanpl es of different
i ni tiely,cot oks. Asanpl e i s bl eached Hgoatien Shior t
period (2to 4 mnutes) and then a refl ectance spectrum

i s mideurattthe atcidaed Raofreactawavélagith bleeachaildtod imorder

addi tional short period of tinme. The refl ectance

te peran aafinal 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, R;;
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 spectral changes of each dye in the

mixture. Therefore, prediction of the final color of hair that is colored with a



are again neasured. This process is repeated 7 to 10
times for the sanme hair sanples. The data obtained is

w0 b@n/osexl t o determ ne the rel ationshi p bet weRCT/1112€06/000210
bl eachi ng exponent, Exp, ang,the total initial
refl ectance of the hair and”“the bl eaching tinme using
linear regression or iterative nethods. Therefore,

: . . e I i
nff442} of BoftyS, detot!f 86l cB1GiFA, Hoft Weriiud HAGKIChEM BRI By the
f(qmwmgtdqlabﬁ@@; of bl eaching solution for a certain tine
period. It should be noted that B is independent of
t he bpeachi 2{“53. thebinitial total refl ectance.
ia Jf{ or

B is Vgl 4 g Yi cul ar concenEgaatiomn3 af
bl eachi hg sol utton. If &nother concentration of
bl eageRd 16 lid e RnhP rdtRicBcESRlue b % ARRYSth ) after colori
expe‘r‘;\{ﬂr?entRZS[)élérJ}c}s cgpcufat iconsc needeto%{)e regeat e%l efro(io ong
5  withetheewleondaots, R, and &, btecthe Himg refdéathnoes at RayeleBgtis) as
a flow chart show ng the second approach to .
mewietad fari eaghshaiegolosftreatmanicscpapatelyr and poandig eargithe relative

th t [ . th f dicti th .
CPRRRTARORT ot Ao ISy GrFOK Sath SelSth Geprelo s pestively.
’[‘ﬂefe\ﬂ)ﬁawgtljbe_-ISB?Qfeﬁﬂliti 1ange caused by a specified hair

C n

ol or freatnmént at each wavel ength of the hair's

i ni t Fauatieh 13eZiadedvedastiolowsephe atfeytands aflencorbE at a
above, nost hair dyes contain bleaching agents. These

10 cetaacwavelengibcas bafektractediffdnaaer's fawasi n di f f er ent
ways, depending on their different pignent structure

and cghcent Ratien%. For exanple, dark h@ioattbd B.32
hi gher jgonceﬁt rati on of Eunel anin tends Itqoar eact ’

stro r_ta,bleachi I j e I
concErat or o thingrL e Alted Rl s dibofior iilmeny

of Plaps@iufiilNforSIRAC ¢n hajuatiBhITBN LBidpa \Queibh €3 8Nigives, the
| i ght absorbénci es”at each wavel ength, the hair
foligmmgtequatiornt rati ons affect the hair's refl ectance

at each wavel eng:‘ih differently. For exanple, a high

refl ect anceRl.vaH ,at a certain wavel ength can suggest

15 a hi g’:‘?aéﬁnee%{—ﬁaﬁ—on of one pignent, whig ﬁaﬁ%ﬁbgﬂ?
refl ectance vﬂiue at anot her wavel engt h gan e caused

by a different lpi gnent. Therefore, the spectral change

fﬁuswhfw oiéldtﬁigf veile d iRRRe Of R ehles thef HaditioAA! Spectral
einitia
change caused by both colors is described by,

R = Rl-/1 . (6—%l )’ ‘(6—0{2'1 )b Equation 3.5,
where aand b are the relative concentrations of hair color treatment 1
20  and hair color treatment 2, respectively.
Substituting ™ of equation 3.5 by the right hand side of the equation
of equation 3.4 gives,

R +AR ) (R +AR,
R. =R . A i . 2 A ]
2 i R R Equation 3.6,

] ip

where AR, andAR,, are the reflectance differences for the first hair

25 color treatment and the second hair color treatment as calculated for each hair
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refl ectance of the hair for each wavel ength.
Therefore, each hair dye has a plurality of associated
W@ p®e9@b3s change functions, one spectral changkCT/1L2006/000210
functionfor each wavel engtimg Once the functions are
defined for each wavelength for a specific hair color
treatnment, the extraction of the final reflectance
cGIPE G dauiiehts sefar @B (Ino bkt dvoids assuatihg rovaistsuret oif solors),
second approach involves defining a spectral change
respecttviebys for each wavel ength separately and then
applgin each spectral change function to each
wavePBIt§thT 8F lbhe initial reflectance neasurement in
order to arrive at _a final reflectance spectrum
Ther & r:eZRg h\e&qe}t,{(ﬂ. %izbﬁ% Ifunctl ONEqiatioh 9ver the

wavel hgt h ffange of theét init refl ectance spectrum

In e detail, t.he.net hod j.nval i asi c

& ephEraeier stnsfidiF ealiBy 3 FRinpafeaen 31, Myt

di screte vekepgt hys)AR i s cal cul ated uspng the

apprc{& ujpé ad change function fobqg‘ﬂé?n&&

wavel ength. Then, the final reflectance value, Rm is

cal chiguatéohshy. laatui B avectypicaliyl used doreaf¢udateanoew reflectance
differenceA(\Eto he .nmeasyured .initial,val ue of d
SPRSTUER t h e ket hEnCHay e PEY Huitidl c reflgetanee  spectryrp; apd

| - . -

5pefhbd R upRllenEREGHGHE Kokt B8 pRRSiaRAITBY HhERE ordinarily
sipRgUiethd nirt itidt EQidtRat angeaddi 3. cathibe 8s&P tbSdetermine a

represented by the follow ng equation, f I - i + R
hifpethtiical Bait. tréatemem| bs téhalicsk clinstied & an finitiadardflectance

wavel ength are, accynul ated in order to forma final
spestruse tandca dgsiredr lingl reflectages, speelinphpetdy these jaethods are
duse% [ g)e he appended clains is defined herein to

PRRet Sﬁl °%al cul ated refl ectance or absor bency val ue

and gheafiGthiigsh %bﬁﬁréﬂfd?ﬂa\’t_irﬂlj aRh fgledtiRedpttRifNGs to a

of the hair. The term"initial optical value”™ used in
hypethaticendient aleainnenti as defdireed fimcion 06 amahiicé tdilectance

nmeasured initial value of reflectance at a wavel engt H
specinan Fisht i an  aldiddlpeFrfleciancge spectiven haisy geagured by

sERRRE BreET 4o 0lack 85 Yhighd,PREERoE sboat {fvn,ié nitia
&SRR tRRE HavilB 8 whiehidth raRYe CAY 8h RPN THIr® 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 treatment
(block 56). Next, if a mixture 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 initial

reflectance spectrum.
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m xture of dyes is a conbination of the spectral
changes of each dye in the m xture. Therefore,
w@e@diogwssdn of the final coI or of hair that i sPCDII@P@&d00210

wi th am xture of col ors, % 1 and color 2, for a
certain wavel ength is gi ven y the follow ng equation:
where Rf | is the final reflectance val ue at

Wavefme 9édtohd afdefod @6 Ok Néal¥hihting Ne 1643t Qfea'ﬂi’néﬁtl 28, a Rifirect
| and Ro | are the final reflectances at wavel ength |

farsctionded & ifitiel exlsotdneerspectram andeatdesined sefpentancsl gpectrum.
and a and ai are the relative_concentrations of @Be
F#HSF s dpial defisetanss rspesirum iy dagasurrd bye gpesttaphefgmeter 14

CBREESHA SePil, e sAELd T80 8 T e pngern.

hﬁvi‘ﬁ%ré @wewﬁgftﬁlraﬂgé his GANnpPet. PHirFde Gt Rirkd 208l RRMiceSspedttum is
a Equation 3. wheré e~ac is the spectral

selhaﬁege(bdxmlsw Minaltye fiomi availebler hair ealoretreatments and mixtures
Substituting for Rmin equatjion 3.3 using equatlon@d:’}.l

tharoels fingh seflentansgi spgciaa da¢ calsulated vaing eauptigns Sohand/er 3.8

f | h
10 S et theRedIg It Foslled oS Sudsm v @ lose
nRSE id ﬁﬁﬂdbfl‘hls%mc&%]is tPpi¥all aft 1’%1‘%@%%&@5531@0@@?% feduce

aand bare the relative concentratl ons of hair color

proessingnimd. gl sd&tﬁl that cho determateadeindir Zreatresytasta sdisiantially
Substituting e~"I of equation 3.5 by the right hand

nonweldgive Hanefinmtafotheofindigh ataflsgtamca spegtym Rugk gthe gesired
reflectance spectrum.

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
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 reflectance spectrum of each sample is measured
using system 10 (block 68). Third, each sample is colored with the same
specific hair color treatment (block 70). 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 spectra, the initial reflectance of
the samples at that wavelength, R;, is plotted against the reflectance 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

R, 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 step 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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1X Equation 3.6, where AR and AR2 are the refl ectance

di fferences for the first hair color treatnment and the
w@emeongh3bmi r col or treatnment as cal cul at ed f orP@EDI2006/000210

hai rcol or treatnment separat®)y (in other words

assum ng no m xture of colors), respectively. Since

atb =1, R= R+ R .[Ric +AR2 ) Equation 3.7.

ﬁjﬁcﬁoai ar@ theru ns¢d twith equatiorsqddt and 338 asuddsogbed)whbiverwith
e% ) g Rf i (Rf il )b Equation 3.8. Equations
effnﬁfh@ 1g88are typically used to calculate a new

i St Ao BT ERE, Bncictl Wby T5oBR R fing apadratic

fdrheat mrent. However, it will be appreciated by those
ordinarily skilled in the art that equations 3.1 and

3.8 a&n =he, usze@lbl oRdetcer i ne a hypot het EqahtidraB .o,
treatrrent as ‘a dlrect function of an initial

refl ﬁzﬁbwﬂ@zg E@ Soiiishts ofahie regdrekiionl fuhefibe thangkrelates
spectrum oth ‘these methods are described bel ow. The

tHel ihfiial rRefIBOENES Wil theatfledtahcd\differ&dl dtef dpeeifinwavelength.
spectrum due to a hypothetical hair treatnent as a

di r eBeferenust isorowimade tonFig.all ised Ifkor she shpwdng lstaps in the
opssatoh sEnveiivel €t Fie. (DI S5 omss shaoSes b feyisgh i color
ﬁroﬂf ! s\éfe%phﬁ f n;géstsitﬁé haﬁ'f J:(ﬁst?(bQ%kc‘ 9®C t’fl’{g?ef[é%%’dn%% es%ectra of

as an i1 n eas

tHéyli&Eﬂﬁé héilcollers aré deRk AR b n@&isﬁﬁdr%th@iﬂg;%stem 10. Each

associ at ed spectral change functions (bl ock
réflrotanice sphetriunnal theefipetiah ogo fprocesaoh16aleicesgir 16 sses the

calculated. If a mxture of hair color treatnents is

rqife@éﬁmf: §BC4{rhin rocesate demactaaleolan oy @%wlémggqrhamomtor The
cul a ra for hai_r

SFHGHALRES SRR Hon S Dol et Bhed SEELRRSs ko
i FRAAMER il Be ldﬁﬁé’ﬂeni B sl Bd L th HRS b %@t"‘&% dedlre@<olors

are apportioned using equation 3.8, for each
cowldebengiited bbock @Bl . oFibeatdpresemtetewsr svhtehesirafedyed hair.

spectrumis fornmed fromthe cal cul at ed
Therefore, each of the available colors has a known reflectance spectrum.
Second, an initial reflectance spectrum of the customer’s hair is measured by
system 10 (block 78). Third, processor 16 performs calculations based upon
hypothetical hair color treatments, 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 hypothetical
hair color treatment (block 80). This new reflectance spectrum is then
compared with the reflectance 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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final reflectance values (block 60). It is seen that
the new spectrumis a substantially non-additive
w0 eove9we3 of the hair treatnment and the initi aPCT/IL2006/000210
refl ectance spectrum The segpnd nethod is for
calculating a hair treatnment as a direct function of
an initial reflectance spectrumand a desired
speefduac isantaimired; given fher sinstraints mifttheliteratfidre prasese and the

spectrumis neasured by sioegtrophotoneter 14 (bl ock
availableshasn golos, weatseats {blackd)yds agcerdasice; with an alternate

o fpftedtitine BERGRL T alfhrfie AeiRYERER Solbri§ PtGesdied lsing
a ®NGCESSdiRkO g)lfes@?ﬁatioﬁi, %ifq EXam;)Rir, ﬁvﬁ?]?g{@seﬁ?dtfon@ OMHRY new

treatnents and m xtures thereo fi1na I ect ance
reffetdnca speetraml sutaivetitedstong cetpratocrdimate presodiation3wRBich is
The final spectra are conpared to the desired

theaf qasepared do She eplanmogrdinpte:presatatiompt e desitsghpir color. It

w3t i BpBETe oy HBRES ordip My RlRt 15 BEZFE By, F e color

trdBns éﬂ%ﬁ%éqééftér&[&ﬂtﬁﬁpau%ée@om tfB LBy bentioned iterative
non-additive function of t initial reflectance

caleakitions) dihds tahersirei methodefid grirforaedspectdlonlating a desired
Ref erence is now nmade to Figs. and 10. Fig. 9is a

Slﬁzml c@@ﬂge slwogting hbﬂs?dt@l d eaingiaé w@@étanp@rsmﬁlﬁm ]tflhd the
Fi . Fig. 10 | .of .

drdrocE i hRnee sasrdeyEhe desifsPsnckital it GRGESH i3 then

Cglgl?g%\/ B0 HhB glge{ct@ll 3&@%& ncfidhs So¢ Fhe UsiRildbid Halle color

appr oach e steps for constructing

trehinSert® dtld ikt @ss f theledfsin Prd&t to Sdtémsdine hdier cheRl @satch.
are taken (block 66). Second, the initial reflectance

Pepressorubh ofthepachladatos eai finvdasefledancsi repesirsmenbased  upon

oREEpoE el v S Tnhel oAU b oleoen i
i nal f. & iS,.

ohled REOLF I S DSE BGAL Th o ar o SR gves may

ndt perRicdcda¥Rach"nRl bdenoRasULR@Wibdall 4 efittealcres light
spectr a, the initial feflectance of the sanpl es at

colvacd hairehdditiphal Bieaching mapnbetie agaessaty tchachieve the desired
refl ectance _di fferences bﬁtvveen the fipal. col.ored ha{r

celotip| Hietanaftehrpresspal6 nBpy compleied dhe ¢ eraliyfecalculations,
pﬁ%%%qergﬂ'} P)g{p@lg% ﬁg{at k%ﬁ dg‘BLa{yir{gF'ags'eléL&éd rﬁrﬁl?eqr i f)'o?ﬂble final

hair colors on user interface 18 (block 84). This displaying is either, based

upon the reflectance spectrum of the final hair color, or the color coordinate
presentation of the final hair color. The possible final hair colors generally
include 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 80) to a device, typically the
display of user interface 18, thereby informing the hairdresser of the required

bleaching concentrations and bleaching time and/or dye(s) needed to achieve
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describes the reflectance difference AR as a function
of the initial reflectance Ra, for exanple, but not

WO Rovb02363 0 usi ng a | east squares net hod for bRGI/IL2006/000210
fitting a 2nd order polynongal function to the
refl ectance values (block 74). The step of block 74 is
repeated for all wavel engths. The above nethod gives a

thmﬂuisem lcokirdbbeki88) cltiwill boapmectatedbye tleosgtdrdinarile skilled in
pecific hair col or method. Thefunct| ons are then used

thﬁi e &pjainstaed of infqraing gthes a’é@éﬁsﬁﬁeﬁf a‘UbKﬁb die(s) to use,

Pl el SeRe abs P wEBERT LolE CREr i REb i) pixing
dég?ilce Riifich Wispeiséd é mix& theh@F e Ald/H féhcl?éste%QQHﬁﬁ&ﬂﬁt% use

the regression nctlonthat corre ates e intial
by eht dairdresserniNdxt] ifebleatling timmequickd, fthe éha[rdr@tsmableaches the
specific wavel ength. Reference is now nmade to Fig

hak fthmeqwmd t@tﬁo&blﬁgk Qﬂbpghq:rh enfeonshlar af: thin stoge, Steps of

bfeRE TR 4% of bitask 90, are Spertiftufed helg! bERTE: kil 1p achieve
“E‘%E?;‘FE&‘%@*““@%‘%‘?@‘“&? : Z?‘?n‘@ °f (BR6 e pofformed, the

heliRgs&ydesnmhtOhaiFasihg @fdyecmaaaﬁmlmaatmm thérgof liblock 94). It
inputted into processor 16. Processor 16 uses the

willf becipparentsipethose slilledcinedhe arhdhaic other m@tImde vying the
i on a nitor. The di spl ayi ng of or, on

GBS o RSB Y Sty LSO S8 kATt e A Steps

' 0 I

iy b& efdrmelttin'h diffBfenf ARG P%lséoa#é“&%z(’%ﬁ ﬁ?@gi B given a

nffiber Of Ha& ¢S0F eRGiateBagsl oneie 1es oPh speeidichdyd w1th differing

Therefore, each of the avail able colors has a known
blesichingt dimes. spedditionallySedberdcustnmieni couald rhef | shovemcen user

iniBrigss L8R Sinal hatt pion: e e of e fuangptyes. The cilomer
t eq{ % b@ésogshﬁf?‘ cﬁ%l ﬁQQ %}ﬂpﬁ{ehﬁf p‘f@leﬁhﬁhﬁ (h% 10 olors \fvithout
g

nents i'nel yel ng an eac

p?@ce%di"m &S i g THR ?Q:O%Yﬁailsoh@ x@ﬂﬂ@ﬂegl&cﬂl@d@emo@e a
hair col or treatman which results in a final

r ef | écwihbe usgestoadthahibeisystenascairdig taghp aseition may be a
s;ggblgggggrmégq ﬁ&gﬁf)ﬂtlé{»n ()Ijlk}avr\]f?sede Ier ?r?vecn(%{o%r coyl%érplglg%es 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 instructions executable by the machine for
executing the method of the invention.

All publications, patents 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 individually 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 as prior art to the present invention.



cal cul ati ons have been descri bed above with reference
to Figs. 2 and 8. In this step, processor 16

w@20610p@bes a new refl ectance spectrum due to BCT/IL2006/000210
hypot hetical hair color tré&®nment (block 80). This new
refl ectance spectrumis then conpared with the
refl ectance spectrum of the desired col or by
subtlt aeill e apprdiiaied by pérsone skiledr én Ithetarhdbat the present

. spectrum and, the refl ectance spectru f the desired .
ingeptign gt disaiged 1@ Wh%tnﬁiﬁeﬁiﬂ%‘? e v?Y s gad ®Seribed

cal culatio i .t j f . .
ref R o RO | b Ol i TLIRRE AR Mdtces bor
conshih 865N CH/SP € b EBhibindtidiisM ofe dthe g ivagidut hdeatures  described
constraints of the iteration process and the avail abl e

heveinabowd,ars weld as maniatioid hiod @lificationsaberaof dhateargings in the

an alternate(§@$odinent of the esent i nvention EPe
prifes prtewhich wosldl giceps to W%nf@heasmn@eaa‘gdmﬂn teading the
coor.di nate. presentati on, for exanple, an RGB
foﬁ?@%ggﬁrgﬁ%o%he new refl ect ancgpspect rumis
converted to a color coordinate presentation which is
then conpared to the col or coordi nate presentati on of
the desired hair color. It will be appreciated by
those ordinarily skilled in the art that a hair col or
treatment can be determ ned wi thout performng the
abovenentioned iterative calculations. This alternate
method is perforned by cal culating a desired spectra
change function based on the initial reflectance
spectrum and the desired final reflectance spectrum
The desired spectral change function is then conpared
with the spectral change functions of the avail able
hair color treatnents and m xtures thereof in order to
determ ne the closest match. Processor 16 then
calcul ates a final reflectance spectrum based upon
application of the closest match color treatnment. It
shoul d be noted that if the desired hair color is a
natural hair color, then dyeing using synthetic dyes
may not be needed, bl eaching may be enough. Likew se,
if a custonmer has |light colored hair, additiona
bl eachi ng may not be necessary to achieve the desired
color. Then, after processor 16 has conpleted the
iterative calcul ations, processor 16 outputs data for
di spl aying a sel ected nunber of possible final hair
colors on user interface 18 (block 84). This
di splaying is either, based



upon the refl ectance spectrumof the final hair color,
or the color coordinate presentation of the final hair

W@ 2000/0903¢he possi ble final hair col ors general PGI/IL2006/000210
i nclude the closest match t,g the desired hair color as
wel | as several other colors, which are a set gap from
the desired color. The set gap can be preset by the

W t he custonmer chooses one of the
avéF?Sb é&PY%g?ﬁﬁalr colors (block 86). Then
processor 16 outputs data of hair col or treatnent
instructions of the chosen final hair color (which was
one of the hypothetical hair color treatnments used in

1.t he Atsy@tem for1 desrrmsming baiy coder weatmaephi GUIPPLSgea processor

di.s of user interface 18, thereby informng the
€O QggEﬁadg@ger of the required bl eaching concentrations

()2nd pl® oA Rid enitial
chosrg%&gg{gogg(l@ﬁei@g%ﬁr Sgé/ C%ﬁl C{Jfggggglr eci at eél by e
t hospeotrdintadvihy askivdl@gth rarigee art that instead of

i nform ng the hairdresser of which dye

use, . .
(iipr ocwdadating agwyt dpeciium @4tsaid balaﬁiusap cﬂ%}{m}h%waé thair color
(dye and/or bl ach deylc dis ses and
i xesAentges gl %w«?ﬁ il R hi e R e
S
GREF IRbREE RS 1 B devite, MEAEEL Bl DAREHDER sald Step of
(bl ogic B ting. Then, optlonally at this stage, steps of
bl ocks 78 to 88 or bl ock 90, are perfornmed again,
before dyeing to achieve nore accurate dyeing results
(line 92). Then, if dyeing is being.perforned, the
2 hai rEh@sS}é&temy@i chdnhhi AUIBenCOMPKRiENg, 2, SPEHENMaranghyzer

wi.l| be apparent to those
@E‘egqr%%férrprpﬁgc sa{cL‘é’(m?JISRS TW% hods usi ng t he
technol ogy of the present invention are possible. For
exanpl e, the above steps may be perforned in a

3. d' ff?ﬁ@ @?st@frij BF cldrSD, fuihier Coaipelsaig aalibslabaleyioetomigured
mber of hair col or choi ces based on the use of a

f(fmhsplﬁymgchycmlm basedidif sid dgtabl eachi ng ti nes.
Additionally, the customer could be shown on user
interface 18 the final hair colors for each of the

42;215]&1%% lr.,vgfgt% gf & 153/@(1 : ng{cohﬁ?er?siﬁglgg 1§5@§tcﬂe§)&{e ggr?ﬁgured
5,‘1]615@1 desired
:squ%ix?xgrh]a% %%IF}F lEﬂ er stﬁgggq)thi&tq% E\éelhgifg%eSnSI e

accordlng to the invention nay be a

5. The system of claim 1, further comprising a color mixing device

configured 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 that gives said hair a desired spectrum.

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

additive.



suitably programred conputer. Likew se, the invention
contenpl ates a conputer program bei ng readable by a

W@ oovpi9mss3 f or executing the nethod of the i nveP€@T/I2006/000210
The invention further contexlates a machine-readabl e
menory tangi bly enbodyi ng a program of instructions
execut abl e by the machi ne for executing the nethod of

g.the THwegikan. off lclaubl]l cahbing, shidl ediiculatinly P& epérformed
applicati'ons mentioned in this specification are

byhealeilating saidpueva spectiumthaséd or multiplying paideinétialrspectrum by
into the specifi.cation, extent as if

to th saHe each
a ppReteaf abﬁgepf}ﬂ:rleatqvgﬁ saigavayrlength fanghia Yypeiod seidspectral
e I Pt A q b
o TSRk A sy AR L 531 20 o @

citation or identification of any reference in this
application shall not be construed as an adm ssion

9.t hat TlseIsystérdf off g 8] svhavsdh lsaldl peatrapchargeafiiction iidudes a
present invention.lt will be appreciated by persons )
spekirhl ehfrige ¢dmpemant tdhlattotmbleﬁﬁgmmffﬁ?%\ﬁ@rﬂaﬂ‘b anp@th@aﬁal hair

limted to what has been particularly shown and
clestpatisiitner ei nabove. Rather, the scope of the

present invention includes both conbinations and

sub- conbi nati ons of the various features described

er e i S ligtd hihge alol ent is

L 0 R R Blonn
dggepident @pdred ssfhetaiceldfedid imit.he art upon readi ng the

foregoi ng description.WHAT IS CLAIMED IS: 1. A system

for determning hair color treatnment, conprising: a

rocessor configured for: (i) regeiving,as inpuL a

i tilhe sisteam refmekny sél‘{hﬁ’;eéno?al a?P‘?Ct’g‘é\i‘g‘aPﬂEt{i’é\CHon also

. spect rum havi ng ve a Te(1d) u LNQraga;

uwgﬁegpgctsp%%agf C@%\P{% héé)l?&%é{%g[t@gg 'i%’ypdotdf};e%ﬁ %a‘%ﬁ%&i rgf said

hesbtRELdd]1 BRI ERMOr @Satthestkr €ct function of said initial
spectrum and (iii) outputting data to a device, said
data bei ng based upon said step of calculating. 2. The
systemof claim11, further conprising a, spectrum

12nal Yhesystem of claim 1, wherein said calculating 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; and

(i)  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:



configured for producing said initial spectrum 3. The
systemof claim1, further conprising a display device
waeomwbiognised for displaying a color based on sapPdr/tizne/000210
4. The systemof claiml, fygther conprising a display
devi ce configured for displaying hair color treatnent
i nstructions based on said data. 5. The system of
(Q)r! airkeivirUad RfFutCANRIitial BRecrnmR| off a Bhiphg oG said initial
configured for dispensing a hair color treatnent based
on spedrdattaviie a Wayelgpgtlerange; cl ai m 1, wherein said

.processor. js fuyrther, configured for, determnj.n .
(i cceaeintng: @ dairioslar rephipgforeeid Bai o Aoy durctiog of
spec o i : : ;.S
ot el Pl SRV L S fefteim SOSHENISL
(iﬁySt(ﬁﬂpﬁing QA tb, a W&, Nagd@iddte dettigl Bhdodgupsn said step of
performnmed by cal cul ati ng sai d new spectrum based on
mul tdgiéryinmgsai d initial spectrumby a spectral change

function over said wavel ength range, a value of said
spectral change function varying over said wavel ength
ange. 9. The system qf claj,m 8, wherein said spectra
1% nange PR ot HlEads BELBEcrolPTeionde LorEReipayzer
' £ .d hypot hetical hair
ccgﬁ%éa%?g gﬁgﬁghg%@aj%ﬁghggéggﬂrbf ZPain19, wher ei n
sai d spectral change conponent is dependent upon a
reflectance of said hair. 11. The systemof claim?9,
1Gher Eharspsem apeaim dK, Gvdingecdpiting displayideviagdemigured
spectral change conponent due to dyei ng .ef fect of
foz slisplayipg hattgoden trepimeng gisguctipanbassdion d daRe system
of claim1, wherein said calculating includes: (i) for
each of a plurality of discrete wavel engths within
aid v, ther €14 C aL.i Qs l.cak.:val ;
17 “THF GG gL, RREL T RUBI “EBRS W CBor TRRIKE Uevice
cohfigi?6d EQndiSperdihg A hhirdolsittdatmlenyBhsed f saddddtahai r at
sai d one di screte wavel ength, thereby giving a set of
new optical values for said hair; and

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 initial
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.



(iit) formng said new spectrumfromsaid set of new
optical values. 13. The systemof claim 12, wherein
w@aiod/opasnxti on of said initial optical value vRCT/EHR006/000210
over said wavel ength range.344. A system for
determ ning hair color treatnment, conprising a
processor configured for: (i) receiving as input an
24 ni tTRd syRest ofnelaim 205 anidreimokaidabpect:2@i thahpé tfudbtion also
spectrum having a wavel ength range; (ii) determning a .
inbhides cal spectmabachmnge fcompeaedt hduea tas aa dyeingcteffect of said
function of said initial spectrumand a desired
hypothsticahhair cetardreadment. ang (iii) outputting data to a
devi ce, said data being based upon said step of
determining. 15. The systemof claim 14, further

2£0NPEHS %%@elﬁ. ﬁgﬁ&‘ﬁﬁ Y RRatR §£id0&%%€nﬁ_ﬁr%[§din§:ﬁfdes for each of a

pr oduci sai nitial spectrum syst em of
plotaitin dfddiséretd hervelopgiis siithin saidi spvalgngiviange, calculating a
configured for displaying hair color treatnent
n¢wisoptical i ahise fas saibhagaier eae 0f said disercts sraselemeths as a

claim14, further. c ri sing. a col or .m xi ng device

ugishR gidnitial opLsbREPRTatikhsiE abpeil dicadssiiin VHxdeaeth.
i.d. : ai 4, wherein said

th[%gen t lgh s%l@eﬁgﬁéﬁ{%ﬁ?ﬁﬁa%@@élg The system

of claim 14, wherein said determ ning includes:

cal cul ating a spectral change function by dividing
24.ai dTHe siysteth sfedhim?Bbywlsacioh saiit fumlctiopeaft saidh ioitedd optical

sai d wavel ength range; and determ ning said treatnent
valpe ypeigs averpaid Weg‘iﬁgﬁg’@ﬂg@ncti on. 20. The system of

claim19, wherein said spectral change function

i ncl udes a spectral change conponent due to a

2§) oA Afe, EE ql HR ) loLt rle
cSRReitrafbn OTFANGEt RAINIAHedthce RRM deborPRlatdve concentration
refl ectance of said hair.22. The system of claim 20,
ofitlesecands hait splectredtmengnte fustc haioncalbs drdatroenidbsving an
agsggi(;ftédalﬁrscthgge%%raf ocmggg § ngtlilgn tfgr al‘ls(e]I yigi crl]&er%lfn?r% ao%rst 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 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, said initial spectrum
having a wavelength range;

(ii)  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, said calculating being based upon at

least one of:



hypot hetical hair color treatnment. 23. The system of

claim 14, wherein said determ ning includes for each
w@booa/opi3er al ity of discrete wavel engt hs w t hi NnPGHEIIZ006/000210

wavel ength range, cal cul atggg a new optical value for

said hair for one of said discrete wavel engths as a

function of an initial optical value of said hair at

sal (élgon_ea obofhe heVAlengicbiral RaaRkY fgnotiong andske sdcond

new opti cal values for said hair. 24. The system of

cl ai m 23peohal etiangs dimictiamby it it relativie icanegngration and the

opti cal value varies over said wavel ength _range. 25. A

system f@CO%F@?W%PWW@EPWPWWﬁBE@ngsi ng a first

rel gfive concentr ai | 0 i I4r

and 0D s et nraapt Sdind st FRmE AL Bnd AR opEttum

col or trgat gRtfrst NRldtiveS todhbhitr@dimr ardd et Meadortin viehgive
an assoclated first spectral change function for use

i n det er cdrentyatiod,irespgectisalyspadt rum of the hair after
application of only the first Hgtiar col 0{) tr.eat nen

(iiai cutpeiting datnrtoc @l Beviceeatide Atan REiNgg %ﬁ?daggoiz}léi ggp of
secon ectral change function for use in determning
a sé’@g‘?’ragtll% spectrum of the hair after application of
only the second hair color treatnent, the system
conprising a processor configured for: (i) receiving

26S ITRUSysinioFicldial 25 Ppekéeimaad chlvaldiimgris bassdon at leasi one
spect rum havi ng a wavel ength range; (ii) calculating a
offiew spectrum of the hair due to a hypothetical hair

.color treatnent of applyin he.first relati .
(i) on cisifing (i HrgfsPEseAl stfased réw?ﬁ%l“b? Aot e fiptyrelative
the second rel atkve i '
Cor SRR B MR -0 bl s pstto v
base&'fﬂﬁl@%gcéﬁd ted@ple @iReffratidn; ap@portioning the first
spectral change function and the second spectral .
(iDhangésihgnttd divsbynevhespéatsim r e a | peweorifenhe afirnrelative
and the second rel ative concentyati on, ir{el?rﬁ ctively:

and ¢oNcenipoR andniagng KBe SEFQRCd AEW SHES 2rBOYHp of the

second new ectrum .
secon?l reISaPlve concentration.

27. The system of claim 25, further 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 a color mixing device

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



by the first relative concentration and the second
relative concentration, respectively; and (iii)
Wopew3shg data to a device, said data bei ng PeEER@N00210

said step of cal cul ating. %& The system of claim 25,
wherein said calculating is”based on at | east one of:

(i) raising the first spectral change function to a
power of the fi e Ry td il TR skepidof:
31 e Acma g 10 el Bl o e oA IRy et
(i)Sec PéBéi\Fiﬁg &l M?uﬁ anGaftial afpeotrumact] a(daniple aofshaig, $did initial
first newspectrumto a power of the first relative
conspdttruan havingrdwaeélengiy renge;28dond new spectrumto a

_power of the second relative concentration. 27%. .Th
(il y s calenkating) anew spectymy ¢ffaid %‘ﬂﬁr‘?‘%ﬁ {an yBB@@{IFM& color
anal yzer confi 0 i Joed i tial
potthetigs d G SRR et |
conprising a display device configured for displaying
a col or based on said data. 29. The systemof claim
3225, Ther iletiod oMlaigi BY, Aurdiesptaygpdsug cthecsiep iafudisplayog a

di splaying hair color treatment instructions based on
cokaribdsedon saglnevspectitgiem of cl ai m 25, further

conprising a color mxing device configured for
di spensing a hair color treatnent based on said

33?I ?2 l}%ﬁl@ﬁl(@ﬁhﬂ? ag%cn))‘rgl, ?ﬁéﬁé&%}gﬂggﬁg'ﬁlﬁ %?ééﬁf)f dislpéaygrsl’g hair

el Vi
co!l(ﬂﬂ?éatﬁl%n{ HstiliofPeka W ald Aewapbéeudf hair, said

initral spectrum having a wavel ength range; and (ii)

cal cul ating a new spectrum of said hair due to a

hypot hetical hair color treatnent as a direct, functi ori1 .
340f <Bheimiettiad aff clsive 31y furtheg zomprisingsthesden el dispppging a hair

further conprising.the step of displaying a color
copersieptBrent Based Rpad 8EV PTPUSE: The nethod of claim 3

1, further conprising the step of displaying hair
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-additive.

37. The method of claim 31, wherein said calculating is performed
by calculating said new spectrum based on multiplying said initial spectrum 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 change function includes
a spectral change component due to a bleaching effect of said hypothetical hair

color treatment.



color treatnent instructions based on said new

spectrum 34. The nethod of claim 31, further
W@ vp9dssng t he step of di spensing a hair -col oPCT/IL2006/000210

treat ment based on said ne gpectrum 35. The net hod

of claim31, further conprising the step of

determning a treatnent for said hair that gives said

air i faem il [ i

3 iner T, TG R Ch" DRt toitcint SAITRICORA Rhpfigotupbuent is
dependagtdigonVereffétantb of seidimir.of claim 31, wherein said

calculating is perfornmed by cal cul ating said new

spectrum based on multiplying said initial spectrum by

a spectral change function over said wayel engt h.ranpge,
4G, vaTle mythed: of Sjut T WhRSHY 82K, ARETUEN, SRPRF ngIGYER also
. said wavel ength _yange. t hqd of j :
m\ﬁﬁ@g i A §%'Cc§'gd@p8féqr}§l c@%%r?élé fu‘ﬂlget iqgnai rﬁlg%%les@f ge%t of said
h%%ﬁé%@lhﬁﬁ%&%&&@ﬁ%ﬁﬁm due to a bl eaching effect of
al ypot hetical hair color treatnent.39. The nethod

of claim 38, wherein said spectral change conponent is

dependent upon a refl ectance of said hair. 40. The
4 het hhe ofetbodpfiein dheherginsaidicalpdating inadedasge

functi on cha

(i o shanyichblos MGRNEY Of AcHreig pURTICHELAR TR i dyavelehgth

trea t. The 0 ' I £-SA :
cal c% i Ha&lﬁ%%ﬁ%dgs:é‘?i%t%} Q}gg%{‘féélsgf@;ﬁéi?a |rt éﬁéngf said
di scHRERtNVNMSERAGIHISasM ﬁmcﬂoﬁ&;ftanvmﬁl@gmicm valneef said hair
calculating a new optical value for said hair for one

of saf saidi ewe eisretavehesigngth, deereby (givingoa st ofnnew optical
initial optical_ value of said hair at said one

di scvelues Eﬁ\ﬁ@#@h@‘ﬂﬁnq hereby giving a set of new

optical .val u for ' Lo F) - for-m | d
By il eyl bRyt B8 5aifl s Gl by PHELI VIR, )
The nethod of claim41l, wherein said function of said
initial optical value varies over said wavel ength

4pangghe 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 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 31.

44. A method for determining hair color 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

(ii)  determining a hair color treatment for said hair as a direct function of

said initial spectrum and a desired spectrum of said hair.



43. A conputer software product, conprising a conputer
readabl e nmedi umin which conputer instructions are
w@@se3ehi ch i nstructi ons when read by a conpai/ar2006/000210
causes the conputer to detggmne a hair col or
treatnment, the instructionsincluding the steps of
claim3l. 44. A nethod for determ ning hair col or
45t r eﬁﬂé‘?&&h&?&? lafth 29 tfaﬁh&t pﬁémfg(thé sEeﬁfo mgwayaﬁg hair
an|n|t|a specirum of a sanpfe of hai sai d
cold}ltféa@ﬂneﬁﬂﬁ@trﬁMMSa@oa sail/d¢tenmining.ange; and (ii)
determning a hair color treatnent for said hair as a
direct function of said initial spectrumand a desired
spectrum of said hair.45. The nethod of cl

ajm 44, . .
6 r o el sl ¢holtSts omblioU s Ak liseing a hair
r eat nst ruc on said determ ning. 46.
0%‘?1“ %sfedcqnaqg%?ﬁgteprﬁ ﬁ%‘er conprising the step of
dlspen5|ng a hair color treatnent based on said

determining. 47. The nethod of claim44, wherein said
47 uncrhe®métBod WIS tlaihi4dl lwherenindaidt furetioA8is Jutestardiahlydnon-
of claim 44, wherein said determ ning includes:
addatfivaul ati ng a spectral change function by dividing
said desired spectrumby said initial spectrum over
sai d wavel ength range; and determ ning said treatnent

aid s L ange. f.unc :
48] o HismeHERE R 2 Wit BRterlipd 1o B Wicthating
e h 1% b said initial
2 sﬁéét*ﬁﬂ. g PERLAG) 15 a?ﬁﬂﬁyéﬁéﬂﬁ&é???*;?@ %F%@%o o
spet@ahnevdr.saiDwavélenghtrange;afndodaemmifing swié tetmenti filom said
spectral change conponent is dependent upon a
speefrhlbchamgedunétiazai d hair. 51. The nethod of claim 49,
wherein said spectral change function also includes a
spect ral change conponent due to a dyeing effect of

5 IR S, S TER s S
gg«fdgra@fchan@ sé@bbhioht %e%%l@&&uﬂg‘é@ﬂe@ﬁgf bsid Wypbilietical hair

wavel engt h  range, calculating a
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.



new optical value for said hair for one of said
di screte wavel engths as a function of an initial
wWopiko2i3eyal ue of said hair at said one di screP@&I/1L2006/000210
wavel ength, thereby givingsa set of new optical values
for said hair.53. The nethod of claimb52, wherein said
function of said initial optical value varies over
5354l jh\é’%%{h%ﬁ%f‘ BRI, Whereth GRIIP WiRiohObf Waideinitial optical
product, conprising a conputer readable nediumin
valleivaltics @FBEEAd vdvelongti rampe. are stored, which
i nstructions when read by a conputer, causes the
conputer to determne a hair color treatnent, the
i nstructions including, the st e]gs. of claim44. fj’iﬂ A ..
54mmet Ho GOMpHtel SOSMYALR PRYAUCLHERIPPEENG 2 99@95#@ Aeadpble, gredium
. first relative concentratd 0 Is '
in pyGh soma a0 SRR E A e b (WByPfead by a
coﬁﬁﬁﬂ?&g BasEs GRE OForhpeRE BN ldetdrhifiné | 4 Shaibaiolof dteatment, the
treatment having an associated first spectral change
indteintions indlodingshe stepslef etamnrddg a first new spectrum
of the hair after application of only the first hair
color treatnent, the second hair col or treatnent

S5 BB RS e
RS EFR e Bl 0, SecpRtche opbofiation

of §C&IcKhAhAS doldUtreatindriti thel fuspair woloef tredendmi having an
said initial spectrum having a wavel ength range; and

askbdiptedafirst| specmal ehanme Spwtionufarofse e detgrmining @ ofiggt new
hypot heti cal  hajr col or treatnent, of l.yi t he

sperirem obihachaioaienamiicasion s Ny dhe frst By RARF tigipent, the
treat.nent and.th C . relatj [

sobhEF BRE st AP MRV, P RRIE QLR Rl Rhange

funelich | @k ¢ Rei RgerbanREG WPSstoald heastpantmefof (he hair after
apportioning the first spectral change function and_

applieaties aftbripelad sedondHzaigeolarrtotatmenty thehmethadsincluding the

rel ati ve concentrati on and the second rel ative
stepme®ntration, respectively; and

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

(ii)  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, said calculating being based upon at
least one of:

(I) apportioning the first spectral change function and the second
spectral change function by the first relative concentration and the
second relative concentration, respectively; and

(II)  apportioning the first new spectrum and the second new spectrum by the
first relative concentration and the second relative concentration,

respectively.



(1'l') apportioning the first new spectrum and the
second new spectrum by the first relative
w@oneevsiat i on and the second rel ati ve concentPEE/iIan)6/000210
respectively.56. The nmet hogh of claim55, wherein said
calculating is based on at |east one of: (i) raising
the first spectral change function to a power of the
560 [ Bhe [RliAbA U QBRE SH! hick€ln i caRivtiting ishbasedcomat least
spectral change function to a power of the second
ond 6f-ative concentration; and (ii) raising the first new
spectrumto a power of the first relative .
(i) conising 4h¢ Gstasnectral change; Woclsr dnd pRVFSpEMe [t rglagve
power of the segond. relati ' Bthon fo a power
corrE)QHC@Pt@Ef’?\ﬂﬁﬁéalﬁw@dtbgts,exg%&n%ga ?1 gﬂ%ﬂ%onﬁl uter D oP
rea | five Yo CERt@EBRVART | nstructions are
st o?ggl,eesv?glsg%%sltructi ons when read by a conputer, )
(iif AUS@Singhene of it pewt apeetremnitoeaa phwier bl the first relative
treatment using a first rel ati(\ie concentration of a e
fi r sondeaitrationl and taisiagnibatsesARd NeYe SBRHTYR) 19t # PEWE

concent ration of a sectond hair color treatnent, the
fi r second relattyeoneeRiidY ik having an associated first
spectral change function for use in determ ning a
first new spectrumof the hair after application of
57901 YA LB ukdrSofhire pr6lws:, tompisig a compttaaeadabloanedium
col or treatnent having an associ ated second spectr al
in GHAGH & ohtputed Drstiuotions ere stoukst, evhich ingiructionsowhemagad by 2
spectrumof the hair after application of oply t
costuiben chiages thecomPUiE AP S ErmIng aiin Splof repbpgnt Mng a fist
reia%%leug(;rpc n%rgt(:i‘or? t&P5 Bist Gl ok 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,
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 color treatment,, the instructions including

the steps of claim 55.



