WD 96/ 41140 PCT/ 1 B96/ 00732

-1- Descri ption Met hod and Apparatus for
Det ecti ng and Measuri ng Condi tions Affecting Col or
SPECI FI CATI ON This is a continuation-in-part of U S. patent

application Serial No. 08/239,733, which is a continua- tion-in-part of

U S. patent appl WO®MUA Seri al No. 08/021, 657, now patent No. PETRHIG00BT.
Serial No. 08/021,657 is a continuation of-1Serial No. 204,938, filed June
6, 1988, a continuation of Serial No., 904,369, filed Septenber 8, 1986 a
continuation-in-part of U S. patent application Serial No. 833,661, filed

Description

Method and Apparatus for Detecting and Measuring
’ Conditions Affecting Color

SPECIFICATION

This is a continuation-in-part of U.S. patent
application Serial No. 08/239%,733, which is a continua-
tion-in-part of U.S. patent application Serial No.
08/021,657, now patent No. 5,313,267. Serial No.
08/021,657 is a continuation of Serial No. 204,938,
filed June 6, 1988, a continuation of Serial No.,
904,369, filed September 8, 1986 a continuation-in-part .
of U.S8. patent application Serial No. 833,661, filed
February 21, 1986, which is a continuation of U.S.
patent application Serial No. 514,618, filed July ‘18,
1983.

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus
for the detection and/or measurement of a condition
that affects the color of a test subject, and more
particularly to a process and instrument for measuring
at least one color characteristic or factor of a
‘biological test gubject indicative of the condition of
interest.

Visual observation of a subject for changes in
coloration indicative of a particular condition has
often occurred. The subject may be a person or animal

. being observed to determine the presence or absence of
a medical condition. The color characteristics or a

. single color characteristic of other test subjects such
as biopsy specimens or excretions have diagnostic
value.
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February 21, 1986, which is a continuation of U S. patent appllcatlon
Serial No. 514,618, filed July 18, 1983.

THE | NVENTI ON This invention relates to a nethod and apparatus for
t he detection and/or. neasurenent of a conditien that affects the col or of
a test subject, and nore particularly to a process and instrunent for

measuring at Lﬁ@ﬁkuﬁap col or characteristic or factor of a ng%gﬁy
test subject indicative of the condition ofa.interest. Vi sua

observation of a subject for changes in coloration indicative of a

particular condition has often occurred. The subject may be a person or
animal  being observed to determne the presence or absence of a nedical
condition. The col or characteristics or a single color characteristic of

ot her test subjects sufhinddvidyal pergen rﬁaﬁé"-&r ce}e¥ etf AEEeRE-di agnosti ¢
val ue. sessed by HerPbAChi:s SHidtid. HPpertension, tuberculo-

sis, sclerosis of the liver, to name just a few, are
examples of ailments with symptomatic skin color
changes among at least a sizeable population segment.
Hair color evaluation and dental coloration evaluation
are valuable. These may bear on the health of the
individual, or on the health of the individual’s hair
and teeth, or these may permit accurate cosmetic
activities, for example, to counteract grayihg or to
accurately match new dental work to existing teeth.
Likewise, the condition of plants and agricultural
products is visually inspected for color as an indica-
tion of condition. Contamination of soil is likewise
apparent from visual inspection. Such visual inspec-
tions are subjective. Measuring by instrument the
color characteristics that are key to the visual

inspection has the benefit of objectivity and consis-
tency.
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In the past, hyperbilirubinemia in newborns has
been detected by visually observing an individual for
jaundice or by routinely taking and testing a blood
sample. Upon detection, hyperbilirubinemia has been
treated by phototherapy. During the course of photo-
therapy, blood samples have been taken and tested at
fegulaf intervals until it was determined that the
level of serum bilirubin had decreased to an acceptable
level.

In infants, there is little blood available for
use in the blood testing for hyperbilirubinemia. So
much blood is drawn that transfusions are often neces-
sary to replace the drawn blood. The newborn is
thereby exposed to all of the risks that transfusions
bring. Blood sampling and transfusions are, of course,
painful to the newborn, and as with any invasive
procedure, both present medical risks, such as for
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-2- An individual person's skin color is often as- sessed by
her or his doctor. Hypertension, tubercul o- sis, sclerosis of .the liveér,
to nane just a few, are exanples of ailnments with synptonmatic skin col or
changes anong at | east a sizeable popul ati on segnent. Hai r col or

eval uati on and d&¥@241t48| or ati on eval uati on are val uabl e. Thedd/IBg00TA3ar
on the health of the i ndi vidual, or on the3tealth of the individual's
hai r and teeth, or these may permt accurate cosnetic activities, for
exanple, to counteract graying or to accurately match new dental work to
exi sting teeth. Li kewi se, the condition of plants and agricultural

products is visual %*?*‘?f‘pegk% ber s £PLAi S, 2RHeRdl £8-a ndddPN tibkyeondi tion.

Cont am nation of s ew se apparent fromvisual 1ns. ectlon Such

visual inspec- - tFOR&: ¥ QuFedible: nedyAsiyepherind figtecteol or
characteristics thangaanaimgasumlngeavskinﬂcolomnaﬁéectzmgrmanﬂdaa benefit of
objectiyity and copsh§itiod - as_hyp ijlrgggngﬁ§5‘ hyperbi lirubinenma in
newbor ns has been det ecte V|sua obseryi.ng an i ndi vi dual for
jaundi ce or by routinel k8 e ﬁnﬁx?ﬁgﬁgl 2 Wigs g need for procedures

and instruments to objectlvely and consistently deter-
mine a color characteristic or factor indicative of the -
condition of a test subject or indicative of a particu-
lar ailment or condition. The methods and apparatus of
this invention can be employed where previouély visual
inspection, of which examples are given above, has been
carried out at least in part on the basis of cbservable
color characteristics.

BRIEF 8) ON -

According to this invention there is provided a
method and apparatus for detecting and quantitatively
measuring a condition affecting the color of a test
subject. The method includes measuring at least one -
color characteristic of the subject.

In one exemplary procedure according to this
invention at least one skin color characteristic is
measured at least at first and second points in time.
To test for hyperbilirubinemia, the two measurements
are then compared for change. 1In the preferred proce-
dure a second skin color characteristic is also mea-
sured. On the basis of this measurement the subject
can be assigned to one of plural categories among which
varying amounts of change in the first-wentioned skin
color characteristic are indicative of the presence of

. a medical condition. The first characteristic is then
observed for a change of measured value sufficient to
. indicate the medical condition for a subject in that

category. Preferably, a base reading of at least the
first color characteristic is first made at a time the
subject is without characteristic skin coloration
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sanpl e. Upon detection, hyperbilirubinem a has been treated by

phot ot herapy. During the course of photo- t herapy, blood sa

been taken and.tested at regular intervals until it was determ ned that P
t he ‘l'evel of serumbilirubin had decreased to an acceptable | evel . '
In infants, there is little blood available for use in the blood testing 3
for hyperbilirupbeggise SO much bl ood is drawn that transf g&rssosse 3
of ten neces- sary to replace the drawn-Bhlood. The newborn is t her eby - 4
exposed to all of the risks that transfusions bring. Blood sanpling and
transfusions are, of course, pai nful to the newborn, and as with any

I nvasi ve procedure, both present nedical risks, such as for

-3- exanple, risk qf infect . There_,is need, .ther for

reliable non|nva§F@€°F§&ﬁﬁ|ﬁééﬂ¥bFEggF€&tFﬂﬁd%ﬁ&P §UV$ h%k?ﬁ or

af fecti ng nmedi caliscaedbei bestrgth as hyperbilirubi neni a. This is

one exanpl e of a w dergynegd é&ue Riog &s&meabmbﬁ&faimh&t&enobtﬁ&t I vel y
and consistently determ ne a ol or ar ac erLstic or ac or nd#catlve of

the condition of ¥F§SFk§Bbf r<ﬁh%ﬁ$&F8§ phcots P HBR or
condition. The netdiads faetior dependent on the relatlve content, in a

color, of two opponent colors, yellow and blue. Hunter
b is a factor comprising a first function (Y) weighted
in a first portion of the spectrum, the yellower
portion, a second function (Z) weighted in a second
portion of the spectrum, the bluer portion, and a
weighting term (1/¥2) that is a function of the light-
ness of a color and that decreases the value of the
color factor as lightness increases. Y and Z are part
of the three tristimulus values X, Y and Z known to the
color scientist for the purpose of defining a color.
They are measurable by commercially available instru-
ments such as colorimeters.
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In the case of testing newborns for hyperblllrubi-
nemia, readings of Hunter b and the Hunter lightness
measure L are made shortly after birth. These can
provide the base reading since hyperbilirubinemia does
not manifest itself immediately after birth. The first
reading is preferably made within five hours, but as
soon as ﬁossible after birth. Subsequent readings aﬁe
then made during the next few days. The subsequent
readings of Hunter b are compared with the first,
baseline reading of Hunter b to determine whether
Hunter b has increased to an extent that indicates a:
degree of jaundice characteristic of hyperbilirubinemia
for a person ﬁaving the range of the subject’s particu-
lar skin lightness L. L is measured during each
subsequent test to be sure that it remains close to the
original reading. This gives a degfee of confidence

that the test procedures are being conducted appropri-
ately.



apparatus of this invention can be enpl oyed where previously visual

I nspection, of which exanples are given above, has been carried out at

| east in part on the basis of observable col or characteristics.

The disclosure of U S. patents No. 5,311,293 and 5, 313, 267 teach
measurenent of the value of Hunter b in skin coloration for the purpose of
assi gni ng indivi MA6HIMB one of several color conpatibility catPEFIBse8T8s a
means for determning conpatibility with no®-skin objects of various

col ors. The disclosure of U S. patent No. 4,909, 632 of

Macf arl ane teaches the neasurenent of blue to yellow ratio in skin
coloration for the purpose of classification of an individual in categories

of color conpatibility.rsNeReS&idntTRiaR the fmkassil i &hdithioht §.f§88@fﬁérb' lity
with the skin col oratlon of anjléw dualé thus clas

di scl osure of U. S.5§4t &Ko B, §gREPS® ‘i“’?f‘eﬁﬂ%‘& FBREG8®2r ni ni ng
bi l'i rubi n concent redydided MVQ@EMIMMQW.SWW theemeasuae- at a

nunber of specificiyawg lsﬁﬁzgtéélw éﬂ&%a\&tékbb@:.é@%diﬁheghﬁtpﬂ?ﬁaiﬂoes
not suggest the ne sure nt of gqﬁﬁ L or f val

est abl i shnent of 218 upbi E?Qf‘g‘é% ¢ §F‘F BRLFFIT a
measur ed val ue, ttaé:atm&ssnﬁﬁmermlyatoomdicm;e c#haatlndilﬁrﬁdnahtspm nts in

time and determ natdcveldy er&ha&m@nieaﬂaiseaﬁdlﬁmrpr TACERE ¥gkdl€oPr the
use of a light nes% measy &grcol or factglF) detecgti,on of _.a condition

in a test subject. %?YC%sr A BAPERFRY RRR R i f ¢
DE 38 27 457 Al s@@éigssengashﬂngﬁglm gm;nerbbaxﬂi mpasirvednte imdbdate | ayers:

or in hair by neasid RaunBesd Sst %perﬂ&mbubﬁnéﬁasaym%ugﬁoﬁ@dtﬁlOn The.
course of phototherapy, then, the Hunter b and L
characteristics are continually monitored until the
jaundice has been eliminated. This has the value of
permitting early removal of the newborn from under the
phototherapy lamps; since there is the danger of damage
to the newborn’s eyes in the event eye protection is
prematurely removed or accidentally dislodged.
The apparatus used in accordance with this inven-

tion includes a color measuring device such as a
colorimeter and cdhputational means for storing and
comparing the characteristic or characteristics that
are measured when testing for the condition. Where
Hunter b is measured for the purpose of detecting
hyperbilirubinemia, a colorimeter capable of calculat-
ing Hunter b and L can be used. This can be a commex-
:ciaily available colorimeter with this capability. The
computational means preferably has sufficient memory to
store one or more previous readings and should be
programmed to compare previous and current readings to
detect changeé in Hunter b and L. Preferably the

. colorimeter and the computational means are integrated
in a single instrument, but the commercial colorimeter

. can be utilized in cooperation with, for example, a
pexrsonal computer, which stores and can compare Hunter
b and L values from measurements taken at timed intex-
vals. Likewise, the computational means, whether an



- 3a- document nentions the possibility of using separate sensors for
separate spectral intervals. The docunment also mentions use of
for various nedical neasurenents such as neasuring bilirubin. However,
there is no teaching of what should be neasured for any of the nedical

pur poses nentioned. Nor is it said what spectral regions should be detected
for any particuyalosiiiegose. Moreover, the nmeasurenent of a colc@fipdspi®’ -

i ndi cative of a nedical condition, or any gandition, is not described.

O her publications, such as those cited in the above-listed docunents, fail
to suggest the neasurenent ofchange in a reliably neasurable color factor

val ue, or a quantification of the neasurenents that will indicate the
condition for purposes of conparison, or the effect that |ightness has on
t he neasurenent, TRk eCh RATE | PE C§D% JNSFFUBERE (9% 17 58P somgut-

BRI EF SUMVARY OF &1iE dadVEdThERld to store ra@wgesr df nbidlecrdsss 1i mmenthen there
i's provided a met g&[bg ARRA IS, fL0r. e n ﬂi?{gl

measuring a condi '?Ron a eg'tﬂl %ﬂﬂ ﬁ% 19 ?55: tglégfnpasu ect ltl%é%net hod

i ncl udes neasuri n§25deq o dNndigH ec%ﬁ-‘o‘i‘ni‘?ﬁp&@f"éﬁ é’é‘?’ée%?e 4 S8 ect .

I n one-exenpl ary pibimsire. according to this invention at |east one skin

color characteristic i t @gﬁ; [ fﬂgeﬁt?f&f‘ in
time. To test for ﬁb%%ﬁﬂ‘e’% 343 1o tt)n%%%urenen;s aréﬂ{:ﬂﬂhg‘til

conpared for chan@%g b Ry & FBH’%"EF‘EJ‘F J&Qﬁﬂ’é drabiremiag funheg L

characteristic isial monimasd gbr cnsidcerinsicachi time measurements are
made. The change in Hunter b is monitored for a
warning of hyperbilirubinemia. In another méthod
according to the invention Hunter L, a and b are used.

Hunter L is monitored for comnsistency, Hunter b is
monitored for a warning of hyperbilirubinemia, and
Hunter a is observed for additional information as to
the infant’s condition. The ordinary ranges of Hunter
a for individuals is known. If Hunter a lies outsidé
the ordinary range the reason for this should be
determined. If it is because the infant is flushed
from crying or has just been washed and rubbed dry, the
Hunter a variation from the norm is not an indication
of a medical problem. If Hunter a is above the ordi-
nary range,. but the infant has not been crying, has not
been recently washed, phototherapy is not in progress,
or some other non-medical reason is not apparent, a
circulatory problem could be the reason. The situation
bears watching to cbserve if a medical condition is
present. Also, Hunter a sometimes increases just
before the jaundice due to hyperbilirubinemia increases
Hunter b. Hunter a, then, may be a warning, calling
for closer observation to observe if a medical condi-
tion is present. A decrease in Hunter a along with an
increase in both Hunter I. and Hunter b such that the
ratio of Hunter L to Hunter b remains essentially
constant can mean that the infant is anemic and there-
fore pale, in which case the increase in Hunter b (with
a simultaneous increase in Hunter L) would not be



this measurenent the subject can be assigned to one of plural
anong whi ch varying anounts of change in the first-

characteristic are indicative of the presence of a nmedical condition.
first characteristic is then observed for a change of neasured val ue
sufficient to indicate the nedical condition for a subject in that

category. PreferWaS/dddbase readi ng of at

characteristic is first nade at a time the Jubject is wthout

categories
menti oned skin col or
The

| east the first col ®CT/AB00732

characteristic skin coloration. WO 96/ 41140

PCT/ 1 B96/ 00732 -4- i ndi cati ve of the

medi cal condition for which he or she is to be tested. In the case
of hyperbilirubi “%@ﬁc‘é‘é&%%@ ;{géi%mmiﬁeaﬁn GeObnelRvacighistic is
Hunter b, which is col or factor endent ,on the relative ,content, in a

col or, ‘of two oppJﬁEﬁF .8 bRen MAY 1SR Sﬁﬁ BREtougifidcal conditions

and it allows one to understand the Hunter L and b
readings better and to be more certain whether they are
or are not indicative of hyperbilirubinemia.

Preferably, each skin color characteristic mea-
surement used to assess the presence or absence of the
condition for which testing is carried out is actually
an average of multiple tests. For example, when
newborns are tested for the jaundice that siénals
hyperbilirubinemia, multiple readings are made at
multiple sites. Five or six Hunter value readings are
made at, for example, each of several locations which
may include some or all of a forehead location, at

least one chest location, a cheek location and two back

locations. Out of range Hunter L, a and b values are

discarded. At each site, the Hunter readings that have -

the highest and lowest values of L, a and b are dis-
carded, then all of the readings of each Hunter charac-
teristic are averaged for each site. Subsequent
readings are made in the same manner at exactly the
same sites and compared. As used herein, the terms
"Hunter a," "Hunter b," and "Hunter L" include such
average values, but are not limited to just the values

arrived at by the averaging technlque unless expressly

so- ~limited. The ‘discarding and averaging is readily
accomplished by the computational provisions of the
test egquipment. The averaging technique may improve
the testing of other than skin cclor where the testing
steps of this invention are used, for example in the
~evaluation of hair by color measurement.

In skin color testing, it is important to cleanse
the site utilizing a cleansing agent that does not
contribute any coloration. Likewise, when testing is
carried out on test subjects other than an individual’s
skin, the test subject should be free of any colox



b is a factor conprising a first function (Y) weighted inafirst portion
of the spectrum the yell ower portion, a second function (2Z2) w
a second portion of the spectrum the bluer portion, and a weighting
term (1/Y[err]) that .is a function of the |ight- ness of a col or and that
decreases the value of the color factor as lightness increases. Y and Z
are part of tReobddag tristimulus values X, Y and Z known top &Bﬁﬁ”’“@ﬂ or -
scientist for the purpose of defining a colgr. They are measur a '
commercially available instru-. ments such as colorineters. In the
case of testing newborns for hyperbilirubi- nem a, readings of Hunter b
and the Hunter |ightness nmeasure L are nmade shortly after birth. These
can provide the base reading since hyperbilirubinen a does not mani f est
i tsel f i medi at el $1E8%iNG wontAmingRt ¢ | (N skin.g9lAY Festhingo e Fikgde
within five hoursonbuhe aest sabjeas ﬂmsld)lhe diriyer abdr i . alll hsagise the

readi ngs are h ﬁggg h %#Qﬁﬁg

r eadi ngs of Hunter % are con%gg%g ﬁa‘p%)% ee%‘gi rstilt;bgge | N€ %3’? 1#8 of
Hunter b to deter P nEheuRiteedn sughta mapner Shaty éﬁ?éﬁmfol’aﬁmeﬂ‘lﬂﬂ t hat

I ndicates a  degnee aitgmuhdi dastkamenteri stic of hyperb| i rub| nema for

a person having the raﬂ&ﬁe%xﬁ%&oﬁ“@f%ﬁe%%ﬁ oW sech ddigy ness L.
L i s measured during eac uent test syure remal ns L
close to the or FBRRAFEeELRRICS HPEeﬁl%e%n%lhe@Feé“SF ‘&'&?\f?@éﬁcén that .3

t he test procedureﬁmareaioeimcxamdbrt stiramgilyo uggestatehygdical condi-
tion affecting skin color if the first characteristic
measurement is observed to lie outside a ranée of
values for that characteristic known by experience to
be normal for a subjéct having the particular measured
value of the second characteristic. Again the value of.
Hunter a should be cbserved and if abnormal the reason
should be sought. For example, in many individuals
hyperbilirubinemia is strongly suggested if Hunter b
and L are measured and it is determined that, based on
skin color categories previously observed, Hunter b is
above any ordinary value for a subject with gkin having
the L value measured. Also, even if baseline readings
of Hunter b and L (and preferably a) are not made to
establish values when no jaundice is present in the
individual, changes in the value of Hunter b can
nevertheless signal the presence of hyperbilirubinemia
if measurements of the Hunter values are made at timed
"intervals in the forego:ng fashion.” Out of the ordi-
nary increases in Hunter b, of for example two or more
points, can be an indication of hyperbilirubinemia when
the measured L. value remains in a constant range from
one measurement to the next. Similarly, large decreas-
es in Hunter b, of for example two or more points, can
be an indication of hyperbilirubinemia from which the
infant is recovering, again if L remains relatively
constant. If Hunter a changes due to a medical condi-
tion such as anemia and the ratio of Hunter L and
Hunter b changes, then it is likely necessary to take
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In the event that the nedical condition affecting skin color is detected
in a procedure |ike that de- scribed above for hyperbilirubinem a, then
t he measur- ing of skin color characteristics continues at regular
intervals until the synptomatic color characteristic abates sufficiently
to indicate the WOdM11dbal ' s recovery from the nedical condi PFEEBIEAE3E he
case of hyperbilirubinem a, phototherapy is adm nistered once a
sufficient change in Hunter b is observed to indicate the jaundice of
hyper bi | i rubi nem a. Throughout the course of phototherapy, then, the
Hunter b and L characteristics are continually nonitored until the

j aundi ce has been ghé rdmadiad intbi actamt,hEorakyampie ending agdbifes-

DAl o L neigE B UAYREat O » R USHELEDYNIL ITBERRRIET © | S
the danger of damage @ onitipiying Muster’ B by"a' BomSdidledty® (BLRLEC I ON 18

Significant testing has established the value of
the foregoing techniques in detecting hyperbilirubi-
nemia. The same techniques will indicate other jaun-
dice-producing medical conditions in human and animal
subjects. Hepatitis or liver disorders are examples of
such medical conditions susceptible to diagnosis with
the methods and apparatus of this invention.

Tuberculosis has been cbserved to affect skin
color in dark skinned individuals such as many persons
of African descent. Appropriate color measurement in
accordance with this invention may provide a valuable
diagnostic tool. )

Biopsy specimens, body fluids, excretions, etc.
are visually inspected for color. The techniques and
instrumentation according to this invention. can provide
objectivity ahd consistency to such inspections.

| The above and further advantages of this invention
will be better understood with reference to the follow-
ing detailed description of the preferred embodiment
taken in combination with the attached drawings.

BRIEF DESCRTPTION OF THE DRAWINGS

Figure la is a block diagram illustration of.a&n
instrument for determining Hunter L, a and b values and
for comparing changes in Hunter b to Hunter b changes
predetermined to be indicative of hyperbilirubinemia.

Figure 1b is a diagrammatic illustration of
exemplary memory content in an instrument like that of
Fig. 1la.

Figure 2 is a schematic illustration in block
diagram form illustrating the steps in the process of
monitoring an infant for hyperbilirubinemia based upon

SUBSTITUTE SHEET (RULE 26)



prematurely renoved or accidentally dislodged. The apparatus used in
accordance with this inven- tion includes a color neasuring d
a colorimeter and conputational nmeans for storing and conparing the
characteristic or characteristics that are neasured when testing for the
condition. Wwere Hunter b is nmeasured for the purpose of detecting
hyper bi I'i r ubi neRv@osisiagpal ori meter capabl e of calculat- ing Hupdgh ? gﬂ L
can be used. This can be a comrer- ciallyl®vailable colorinmeter w %
capability. The conputational neans preferably has sufficient nmenory to
store one or nore previous readings and should be programmed to conpare
previous and current readings to detect changes in Hunter b and L.

Preferably the %@9 BE§ £ fiftene Eﬂmx?ta&w aﬁaaeﬁcfa&m{%%yﬁzed in

a single instrune e conmer ci al orjneter can be iTrzed in
cooperation with, g a8 EEYiewing BUpPEBRP ¥Whdtt er, which stores and can
conpare Hunter b and Figatecs ifsr amschenat teehilustaasiont ini biakk nter-

val s. Likew se, thg coaRuEghh N3lsteaRSng " PRé SWep®) in the process of
monitoring an infant for hyperbilirubinemla based on B
Hunter b including measuring and reviewing Hunter a as . -
well as Bunter b and L. ' 3 ?

DETAILED D E PREFER oDI -
Any modern version of two general types of color- : o
measuring instruments, colorimeters and spectrophoto-
meters, is an example of instruments suitable for the
skin color measurement according to a preferred embodi-
. ment of this invention. The basic components of either
type of instrument are a light source, a sample illumi-
nation and viewing arrangeﬁent. a means of selecting
certain wavelengths of light for the measurement, a
detector of the light reflected from the sample, and
" some relatively simple computing capacity. In commer-
cially available instruments the main purposes of the
" computing capacity are to store and apply calibration
information and to calculate various color coordinates
for later use. In Fig. 1la, a color measqring instru-
ment 10 is illustrated. An individual person’s skin 11
is jilluminated by the instrument as generally indicated
' by ‘the broken line arrow 12, and the.instrument re-’
ceives illumination reflected from the skin 11 as
generally indicated by the broken line arrow 13. Based
on the illumination received by reflection from the
skin, the instrument 10 develops the coordinates Y, x
and y. In Fig. 1ia the instrument 10 is a colorimeter,
commercially available and suitable for development of
the values ¥, x and y.
Another type of instrument that can be used in the
skin color categorization method according to this
invention is the spectrophotometer that measures the

SUBSTITUTE SHEET (RULE 26)
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I ntegrated part of the instrunent or a separate conput- er, can be used
to store ranges. of lightness L and the increases in Hunter b that, for

t he various |ightness ranges, indicate an unacceptable increase in serum
bi I'irubin. In one nmethod according to the invention Hunter L and b
are used to -det e¥O P b | i r ubi nem a. Hunt gé L is nonit or ed HaIvIBS6/00732
consi stency each tinme neasurenents are The change in Hunter b is
nonitored for a warning of hyperbilirubinema. In another nethod
according to the invention Hunter L, a and b are used. Hunter L is

noni tored for consistency, Hunter b is noni tored for a warning of

hyper bi | i rubi nem agkimdreflidotanrecat diFwatecwarvel enghthis iandal£xionf bhesei on

as to  the inf antaaéacaanwtesoerﬂbﬁnﬂﬂy %ﬁ&e&angfsmqimlﬂwcah ped for

i ndi viduals i s known. Hunter a lies .ou he,ordi nary ran t he
reason for this shSﬂ‘F‘Bu"'tﬁéi th&ef*@?ﬁ?ﬁeﬁolq? vaﬂurzg PR e “lel?@YLFﬁ ﬂgn
flushed, from crycolporidradipgeostiepuwagsises anddisdbssed]bglowhe Hunt er

a variation from the nofpdreafe! téend Userdson cm&t.efcim.dlc%abrm@% 1
Hunter a is above the orqi,- but the infant ha m een
crying, has not Beethe F?Pgl\é%?fg?f%fpﬁé‘teof’ﬂ PRI TRERC 1pRbE ess,
or sone ot her non-menmt ckl ofe&ign 1z imtthepgaldbration of the instrument
using a standard. In the early use of an instrument of
this kind by the inventors, the "Light Skin" sample
from the Macbeth Color Checker, described in the
publication of C.S8. McCamy, H. Marcus, and J.G.
Davidson, "A Color-Rendition Chart," J. Appl. Photogr.
Eng. 2, 95-99 (1976) was used. A tile of this approxi-’
mate color was selected for its greater durability as
an instrument standard. It was found, however, that
the use of the "Light Skin" painted paper as the
primary standard did not adequately avoid the phenome -
non known as metamerism, by which objects that look
alike (have the same perceived color) under some kinds
of light sources, or to some observers, do not match
under other types of light sources, or to other cbserv-
ers. By this phenomenon colorimeters may not read
their colors the same as the average human observer
would under the daylight type light source usually
employed for visual observation. This could lead to an
! error in colorimeter calibration, . :
As an improved primary standard, the skin was
selected of a subject whose skin color measurements
were highly reproducible, and in the approximate center
of the range of skin colors of the human population.
The spectral reflectance factors of the skin of this
subject were carefully measured on a Macbeth 1500 Plus
spectrophotometer (Macbeth, New Windsor, New York);
these data are given in column 2 (second from left) of
Table I at the wavelengths listed in column 1 (the
leftmost colummn). By using well-established techniques
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circulatory problemcould be the reason. The situation
observe if a nedical condition is present. Also, Hunter a SOMEtTTES

i ncreases j ust before the jaundice due to hyperbilirubinem a increases
Hunter b. Hunter a, then, may be a warning, calling for closer
observation to observe if a nmedical condi- tion is present. A decrease in

Hunter a al ongwd dsarap i ncrease in both Hunter L and Hunt erpdxnsysderizhat
t he ratio of Hunter L to Hunter b remaifig-essentially

bears watching to

constant can nean
that the infant is anemic and there- fore pale, in which case the
increase in Hunter b (with a sinultaneous increase in Hunter L) would not
be WO 96/ 41140

o . o . . . PCT/ BI 96/ 00732
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under st and t he Haydtem legaigped with an ACS SpectroSensor II color
measuring instrument (Datacolor International,
Lawrenceville, New Jersey), a colorant formulation
matching this skin color was developed. The spectral
reflectance factors for this match are given in column
3 of Table I. It may be seen that the data closely
match those of column 2, indicating the absence of
metamerism. Calculations according to the c;E 1976
CIELAB system showed that the two data sets match to
within 0.27-0.36 units, less than can be perceived by
human color vision, for daylight, incandescent light,
and cool white fluorescent light, the three most

commonly used light sources for the proposed applica-
tions.

The above-mentioned formulation was made up in a
stable, durable material, and tiles were prepared as
instrument étandards. The spectral reflectance factors
of one of these tiles are given in column 4 of Table I.
It was found, however, that the improvement in calibra-
tion resulted in color coordinates that were signifi-
cantly different from those obtained in the many
studies made with the earlier system. A decision was
made to adjust the calibration values of the new tiles
in order to achieve consistent results between the new
and old methods of calibration. Column 5 of Table I
gives the adjusted set of spectral reflectance factors
for the tile of colum 4. The CIE and Hunter color
coordinates, for measurement with the specular compo-
nent excluded and calculated for CIE standard illumi-
nant C and the 1931 2° CIE standard ocbserver, are also
tabulated for each of the samples in the table.



readi ngs better and to be nore certain whether they are or are not

I ndi cative of hyperbilirubinem a. Preferably, each skin col or
characteristic mea- surenent used to assess the presence or absence of the
condition for which testing is carried out is actually an average of

mul tiple tests. For exanple, when newborns are tested for the jaundice
that signals hyN¥®#4H40ubi nemia, nmultiple readings are nmade atPCHABPEG00ER2e
sites. Five or six Hunter value readings aré3-made at, for exanple, each of
several |ocations which nmay include sonme or all of a forehead |ocation, at
| east one chest |ocation, a cheek |ocation and two back | ocations. Qut of
range Hunter L, a and b values are discarded. At each site, the Hunter
readi ngs that have the highest and | owestanmge es of L, a and b are dis-
carded, then all ho reoadings of ogach Huot g gL ot

averaged for each Li __,,__* - M‘A‘ at
exactly the sane [pléergshangyl cs refl. As used hdrei rfilehe teé br
a," "Hupter b," anp—BBntet §tandard LyZo Elo S bt
limted to just the vepees| agroyed|at byothre averagieagstech ;
aceomi i shed by F‘n%iﬁmiiéé NP T AP S
aver agi ng-techniq nayo i npreves3 t hp t estangsof |ot hegot ban 4
eval Uat1 onof “hat Tl oyA801 ok BBeaty ohent- 242430 o 33R27 " Ame, |, i
important to cl eanfpe s8the pige.08il | zi ng28.8beansi ng2agept fhat2zlars npt -
' 500 30.13 30.77 29.03 27.94
520 31.19 31.31 29.38 26,24 |
540 30.01 30.84 28.48 27.59
560 31.41 30.76 28.22 27.33
580 32.85 34.01 31.45 | 30.12
600 44.37 43.54 42.58 40.52
620 51.24 5§1.57 51.27 47.93
640 54.56 55.09 55.56 S1.10
|| 660 57.09 57.60 59.22 53.82
" 680 58.67 60.41 61.82 56.55
700 59.95  62.69 63.93 58.87
X 37.14 37.28 36.14 33.76
Y 34.66 34.89 33.07 31.53
_ Z 28.50 28.54 27.63 24.20 .
A x '0.3703] - 0.3702) . 0.3732] - ‘0.3732
“ y 0.3456 0.3464 0.3415 0.3523
| 1, 58.87 59.07 57.51 56.15
a 9,31 9.02 11.54 9.05
b 4_12.51 12.70 11.77 13.75.

With a suitable standard, basically, calibration
is carried out by forcing the colorimeter 10 to give
the desired color coordinates ¥, x and y mentioned
above, while utilizing the colorimeter with the stan-
dard tile chosen. The method of calibration is known



contribute any col oration. Likew se, when testing is carried out on test
subj ects other than an individual's skin, the test subject sh
of any col or WO 96/ 41140

PCT/ 1 B96/ 00732 - 8- altering contam nant.
In skin color testing, the site on the test subject should be dry, and in
all cases the iwwesdsrgerdent shoul d have the capability of being ﬁﬁﬁhb@ﬂnzto
the site in such a manner that anbient |igl-does not enter the

i nstrument . Determ nation of the first and second skin col or .
characteristics, Hunter L and b, at just one point in time can indicate or
strongly suggest a nedical condi- tion affecting skin color if the first

charact eri stic 2UBEEEA ﬁbqh§ewﬁgne§ dde £A90uECadebRe g VAl ues

e Y
shape, ) VTS

t hat characterlst experience t
. Steps prescrlbed by the manufacturer that need not be

detailed here.

In skin color testing, prior to each test of a
_subject, each test site is cleansed. A cleansing
agent, such as isopropyl alcohol, which leaves behind
no coloration, is suitable. The site is well dried to
avoid any wetness which may interfere with the reflec-
tion of light from the skin 11 to the instrument 10.
In all cases of testing, with the instrument correctly
calibrated, the measuring head or instrument orifice {s
placed against the test site to be measured. Care is
taken to avoid the admission of ambient light to the
instrument. Pressing the head firmly against the test
site prevents the entry of ambient light. Additional-
ly, it was determined that best results are obtained if
one removes the instrument from the test site briefly,
between illuminations. This can be provided for in
software by a conventional delaying routine and, if
desired, with an appropriate display instructing the
user to remove the instrument briefly well away from
the skin.

In a colorimeter of the type shown in PFig. 1a, at
‘block 10 the instrument has an internal microprocessor
or other computing capability so that it is able to
develop the color coordinates Y, x and y from the
measured values X, Y and Z (Y being the same in each
case). Certain colorimeters develop the Hunter color
coordinates L, a, and b. Since the degreé of computa-
tion that the color measuring device 10 (i.e. colorime-
ter or spectrophotometer) internally performs varies,
the manner of calculating the Hunter values from the
tristimulus coordinates is useful to an understanding
and practice of the invention and will enable correct
use of a CPU by appropriate calculation to perform the
invention with any commercially available colorimeter

eyt el B s e

. a.
Mol o ae By
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be normal for a subject having the particular nmeasured value of the second
characteristic. Again the value of Hunter a should be observed and if
abnormal the reason should be sought. For exanple, in many individuals
hyperbilirubinema is strongly suggested if Hunter b and L are neasured
and it is determ ned that, based on skin color categories previously
observed, Hunter WPOPM1I4hove any ordi nary vajue for a subject veaIaBSéwors2
having the L value neasured. Al so, even if Daseline readings of Hunter b
and L (and preferably a) are not nade to establish values when no jaundice
Is present in the individual, changes in the value of Hunter b can
nevert hel ess signal the presence of hyperbilirubinema if nmeasurenents of
the Hunter val ues ase spederaphbtomster.nt Mostl modern tded oomegsuning ashi on.

Qut of the ordi- fie ﬁEgaﬁé‘ixdpgnLgkﬂnﬁgégﬁreﬂéné Yt %ﬁaﬁgkfséml% ror e

poi nts, can be an indicatlon I rubl nem a
value remains in a @8k ¥a &-omFL8Ret n%%l%lﬁaé‘rré’ﬁt depived ths(CIE

Simlarly, |arge desmamticésyidodidinates, xoandoy: exanple two or ‘nore

poi nts, can be an indication of Jhyperbilgrubynemia from which fhe

infant is recovering, again if L remains relative y constant. If Hunter
a changes due to a nedical condi-¥ = Y Vok¥stich 5®)aneni a and {#e ratio of
Hunter L and Hurtley ilmschramegmts 10 [N Fiig. | 3al okgutsnebessaiplew dfake

values x, y and Y as the starting point for further
calculations by a central processing unit which can be
dedicated microprocessor circuitry or personal computer
15. The remaining two tristimulus values X and Z are
available by computation as follows:
X = xY/y, and (3)
Z = (1-x-y)Y/y (4)
In the preferred embodiment, in any event, the CPU
according to Fig. la develops the Hunter value b
discovered in accordance with this invention to be
capable of use to detect and monitor hyperbilirubine-.
.mia. The Hunter b value is one of three values derived
by Richard S. Hunter in 1958. Richard S. Hunter,
"Photoelectric Color Difference Meter,“'J. Opt. Soc.
Am. 48, 985-995 (1958). The equations for these are:
L= 10 ())¥ (5)
a=17.5 (1.02X - Y¥) / Y (6)
b=17.0 (Y - 0.847 2) / ¥ {7
‘where L is a lightness cocordinate whose values corre-.
late better with the visual perceptions of the light-
neas of cbject colors than do values of ¥Y; a is a
coordinate denoting redness or greenness, for which
positive values denote that the color is red rather
than its opponent color green, and negative values of a
denote the opposite; and b is a yellowness-blueness
coordinate, for which positive values denote that the
color is yellow rather than the opponent color blue,
and negative values of b denote the opposite. For
yellow colors, starting with a = b = 0 and an appropri-
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-9- the anem a into account, for exanple by using a differ efrt

change in Hunter b to indicate hyperblllrublnen1a or by multiplying
Hunter b by a conpensatory factor. Significant testing has
est abl i shed .t he val ue of the foregoing techniques in detecting

hyperbi l.i rubi - wd&eddifge The sanme techniques will indicate othepq ,@g@o .
di ce- produci ng nedi cal conditions in human-d ani nal subjects pg?ltls

or liver disorders are exanples of such nedi cal conditions susceptible to -
di agnosis wi.th t he net hods and apparatus of this invention:

Tuber cul osi s has been observed to affect skin color in dark skinned

i ndi vi dual s such aftﬂ%éh%&f@é'sof I_‘of wﬁ&&hcﬁ&f@%ee%t l éﬂgeggé ate col or

nmeasurenent in accor al uabl e

nce wt hi's _nvention %ﬁl
di agnostic tool . increasgngpgsitiys yajues,gf b (¥ 4i§ i&xérﬁFFbﬂ% oftc.
are visually i nspesdleirsf ehatohay . bel fiestcrdbad qam sl ght yelllisw.alregrem on

according to this LnenlheByCaf OYeld ow, OBEEET iadd %AdwC AR $1eMEY tO
such i nspections. yellow, in turn. Thus b is a measure of the "intensi- N
ty" of the yellow color. e
Historically, all three Hunter values, a, b and L,
have been utilized to describe a coloxr. The inventors
have determined that one can use the Hunter sgkin
lightness measure L and comparative determidations of
the Hunter value b developed at time intervals to

measure the jaundice that is symptomatic of hyperbili-
rubinemia and by that measurement of jaundice detect
the presence or absence of the ailment. The coordinate
b provides a reliable measure of the yellow undertone
of the color of human skin. This does not mean that
Hunter a and Hunter L should be ignored, but they are
not used in the usual way to define a color. In the
particular arrangement of Fig. la, wherein the colorim-
eter 10 produces the values Y, x, y, the computer 15
derives the Hunter values L and b. The Bunter light-
ness 'skin color characteristic L affects the amount of
increase in the yellow measure Hunter b that indicates
hyperbilirubinemia. Following the procedure represent-
ed in Fig. 2, steps 1 to 4 and preferably using an
--averaging technique described below, a newborn is
measured, preferably within 2-5 or 2-6 hours of birth,
to establish the initial, baseline wvalues of Hunter L
and b, I, and b,. A baseline Hunter a, a,, may be
calculated at this time, too, for the purposes ex-
plained below. At step 3, out of range values are
discarded, i.e. values outside the range 20>L>80,
2>a>50 and 2>b>40. At step 4, highest and-lowest
values of Hunter a and b from each site are discarded.
The values are recorded, at step 5, for example by
placement in machine memory 17. Thereafter, again
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The above and further advantages of this invention will be better

understood with reference to the foll ow I ng detail ed description of the
preferred enbodi nent taken in conbination with the attached draw ngs.

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure la is a block diagram

Il lustration of an I nstrument for determning Hunter L, a and b val ues
and for conpar wopsambges in Hunter b to Hunter b changes PCFOB6APTIR ned
to be indicative of hyperbilirubinem a. -17- Figure Ib is a diagrammtic
illustration of exenplary nmenory content in an instrument |ike that of
Fig. |a. Figure 2 is a schematic illustration in bl ock di agram
formillustrating the steps in the process of nonitoring an infant for

Eé‘?’/elr BI9|6; Bg?lggem %ﬁ%@gbﬂgoﬂsing the ave%gﬁé 4‘léle'lc‘i'ﬂﬂ.que described

. below, throughout the next several days, Hunter L and b
(and a, if used) are measured at intervals as repre-

. sented by step 6 of Fig. 2. L is compared to the value
originally measured as indicated at step 7. 1It should
not vary more than 3 to 5 points (depending on the
range of L being measured) or the test is discontinued
as at step 8. This is so unless there is another -
explanation. Unless discontinued as explained above,
Hunter b is compared at step 9 to the baseline value
established shortly after birth. As determined at step
10, if Hunter L remains consistent, if at any time
Hunter b increases two points or more for skins with L
values at or below approximately 51 or three points or
more for skins with L values above approximately 51,
then hyperbilirubinemia is indicated, a confirming
blood test should be conducted, and phototherapy, the
usual treatment for this condition, may be prescribed.
Hunter b increases of one to two points for L values at
or below approximately 51 and Hunter b increases of two
to three points for L values above approximately 51 can
be used .as red flags or warning signs requiring closer
monitoring.

When the measured value of Hunter L at any time is
found to have varied more than 3-5 points the test
procedure is suspect and the test may be discontinued.
Hunter L variations of this magnitude do not ordinarily
occur in skin color measurement. Unless this change
can be explained by a change in the condition of the
subject {such as anemia or phototherapy treatment,

. which would lighten the subjects entire skin color
measurement and range, but in direct ratio of L and b)

. _ the test would be suspect. But if the change in Hunter
L can be explained as above, then an adjustment factor

'would be used to calculate L and b.



changes in Hunter b in skin color and including neasur- ing and review ng
Hunter b and L. Figure 3 is a schematic illustration in-btock -
diagramformillustrating the steps in the process of moni toring an
infant for hyperbilirubinem a based on Hunter b includi ng neasuring and
reviewi ng Hunter a as well as Hunter b and L. DETAI LED

DESCRI PTI ON OF ‘?;ngﬁ,EﬂE(FERRED ENVMBCDI VENT Any noder n ver sipeimgdsobia®
general types of col or- measuring i nstriygents, colorineters and
spect r ophot o- neters, is an exanple of instrunents suitable for the
skin col or measurenment according to a preferred enbodi - ment of this
i nvention. The basic conponents of either type of instrunent are a |ight
source, a sanple illum - nation_and vi ew ng arrangenent, a neans of

th

selecting certain wRVWELRAgERREQTherapyy FBE R¥FOcgur et ect or -
of the light ref Iaiiﬁo&dthOﬁthssaJmlea;mndcansbzmmeﬂ aiithebp asdjmbe-

conputing capaci tye 'Ea%%ﬁeéor trfel 3lslohe B%ehE8E Cehd W RBA St fRITBI N
pur poses of the conmput1 ng. capacl Store and apply calibration

are
i nformation and twdex @tﬁ‘l%?@%‘i\‘?ﬁ??yc&llg}“téoor dinates for later use. In
Fig. | a, a col or neaswyd igdicated; it mmm bbeni shel imedntxtwed. prastiodi vi dual
person’s SKin Ll £o!fedd 'e%%ﬂétgéaﬁefl&m mRSELMEREht a5t SRR LY akndi cat ed
by the broken I|ne arrow nstrunent re- . ceives illym nation

reflected from thes@kitestings Thekesh I%Fqcﬁ&u&'&t éﬁ ‘B?"‘Erhé{‘ﬁt&?eﬁ Fene

arrow 13. Based utilized is illustrated in Fig. 3. Again the averaging
technique is preferably used as described below. Based
upon the testing of the skin color of several million
individuals, the inventors have identified some 210
broad categories of skin coloration. That is to'say,
210 broad ranges of Hunter L, a and b have been identi- _ E
fied. Hunter L and b values for each of these catego- ) 15
ries are shown in Table II, Appendix A hereto. Table
III, below, provides the ranges of Hunter a reasonably
to be expected. For certain values of L, Hunter a
above a particular value has not typically been
observed. Should the test indicate a Hunter a outside
any previously observed range for a particular L and b,
this would be taken as at least a further indication of
some disorder in a condition of the subject if the
Hunter a value cannot otherwise be accounted for, e.g.
from crying or drying after bathing. This occurrence
is represented at step 7 of Flg 3.

The measurement of Hunter a can have the further
value of a warning that the jaundice associated with
hyperbilirubinemia may shortly occur since, at times
Hunter a will increase in value just before Hunter b
increases. '

If, then, an infant has not been crying (which
boosts Hunter a), and an increase in Hunter a is
observed, Hunter b bears watching fo; signs of hyper-
bilirubinemia.



on the illum nation received by reflection fromthe skin, the instrunent
10 devel ops the coordinates Y, x and y. In Fig. la the instrunent 10 is a
cal ori neter, commercially avail abl e and suitable for devel opnent of

the values Y, x and vy. Anot her type of instrunment that can be used
in the skin col or categorization nethod according to this I nvention
i s the spectroph®O®dtid¢ t hat neasures the WO 96/ 4114@CTNBY6/00732
PCT/ 1 B96/ 00732 skin reflectance at diséete wavel engths and from

t hese data derives tristimulus values, fromwhich can be conput ed the
Hunter col or val ues used to nmeasure skin col or for diagnostic purposes as
di scussed bel ow. I nportant to the use of a comrercial colorineter

of the kind enployed for the col or neasu&ggggl;iﬁstru- ment 10 of Fig. la
is the calibration of the instrunent uSing a standard. In the early use
of an instrunent of

24 (or less) to 44 4 to 16
45 to 54 4 to 18
55 to 59 5 to 25
60 to 71 (or more) 6 to 30

As mentioned, for greater accuracy an averaging
technique is employed. Multiple Y, x and y readings
are made with the colorimeter 10 at several different.
sites. For example, measurements are made at one or
more locations on some or all of the subject’s fore-
head, cheek, chest and back, as suggested in the steps
of the method outlined in Fig. 2. In a preferred
embodiment, 5 or 6 readings at each of 5 different
sites are made. Hunter a, b and L values are calculat-
ed for each reading. The high and low values of a, b
and I from each site are discarded by the computer or
computational provisions of the Fig. la instrumenta-
tion, for.example. The instrument or the computer 15
then averages all of the remaining values of Hunter a,
b and L for each site. The average a, b and L thus .

* calculated for €ach-site are tlien .used as the Hunter a,.
b and L values in the previously described testing for
hyperbilirubinemia.

Some variation of b value occurs in
dependence on the body location where readings are
taken. Consistently averaging the values of Hunter a,
b and L calculated from measurements taken at the same
several locations on each individual can be used to
eliminate any uncertainty resulting from such varia-
tions. The consistent measurement of consistent sites
is essential throughout the entire procedure.
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this kind by the inventors, the "Light Skin" sanple fromthe Macbeth

Col or Checker, described in the publication of C.S. MCany, H Mar: L
and J.G . Davidson, "A Color-Rendition Chart," J. Appl. Photogr. Eng. 2,
95-99 (1976) was used. Atile of this approxi~ mat e col or was sel ected
for its greater durability as an instrument standard. It was found,

however, that wo b8aae of the "Light Skin" painted paper as pOeaBosp7BLRl Y

standard did not adequately avoid the phengpge- non known as netanerism
by whi ch objects that | ook al i ke (have the sanme perceived col or) under
sonme ki nds of light sources, or to sone observers, do not nmatch under
ot her types of light sources, or to other observ- ers. By this
phenonenon col ori meters may not read t hei_.r col ors, the_sa

ag t aver age
human observer  woul & Braeitahs ®EASHRR Ofy FETHR L ‘s"aih’ﬁ‘en% lir]g )

enpl oyed for visugdeslsecuati aﬁfféﬁfam: dixind the amleasazm of éiund:erl b

colorineter calib pripgr A € EEG §k|n
was sel ected of‘%géu JechMﬁose S ‘PRI B it ity

I n “col_or Jreasur e nt s
reproduci bl e, and®®® hafPikads o2 HReAT HRIAT109; WaR © éaéé?ne%?eﬁ coI ors of
the human popul at s@rum mle.mpentmsunéd erst:augcehéahwpstadlf g msadlel andf this
subj ect were carefyll MRChit 4308 EbUShe SARFdHEGRIOL ONMEL er -
(Macbeth, New Wn ﬁﬂ%@%%&i g Y

e T S Ll R S ke

colum). By USIngsmghéllédiﬂdnlsbeﬂngechrhxpﬁnment of hyperblllrublne-
mia. Steps 12-15 of Fig. 2 and 13-16 of Flg 3 calcu-
late the serum bilirubin level from the above proce-
dures and compare it to the determination made by blood

test.

f t nost

Correlation between Hunter b and the hospital
bilirubin count (BRC) was determined to be in accor-
dance with the following eguation:

BRC = 2.5 ([{ 47/L }* bl - 6.8) (8)
where BRC equals the hospital bilirubin count, the
number 47 is the average L for the entire database
gathered over the course of research, and L and b are
the average Hunter values determined as described
above.

. The term in braces modifies b according to the
value I relative to its average, in this case 47,
according to a square root (superscript 1/2) function.
It may be easier to understand the above equation if it_
is written anothetr way. If the modified b (in square
brackets) is called MODB:

MODB = 6.8 + 0.4 BRC (9)
The numbers 6.8 and 0.4 (= 1/2.5) are, respectively,
the intercept'and slope of the straight line relation
between modified b and BRC. The 6.8 is the value of
MODE when BRC = 0 and is related to the average base-
line skin color. The 0.4 shows how rapidly MODB
changes as BRC increases, an increase of 2.5 in BRC
raises MODB by one point.
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-12- of conputer color matching, carried out on an ACS 1800 system
equi pped with an ACS SpectroSensor |l color neasuring instrunent
(Datacol or International, Lawenceville, New Jersey), a col orant

formul ation matching this skin col or was devel oped. The spectral

refl ectance fact ¥@96¢43146t hi s mat ch are given in colum 3 of Ta®mberohriz
may be seen that the data closely match tho#d-of colum 2, indicating the
absence of netamerism Calcul ations according to the CIE 1976 Cl ELAB
system showed that the two data sets match to wthin 0.27-0.36 units, |ess
than can be perceived by human color vision, for daylight, incandescent

l'ight, and cool white fﬂ@r%@@_'&m! igmxe@lgﬁhgggynm mglpr:qg;_g,l Ynused
l'ight sources for the ropv(')hieend aggliggaéo é'loanrs'er databa;reheofati%\/%}.ﬁ%'-oned
fornul ati on was mad@eﬁgl}n ap g
: bin count values from another hospital since hospitals
. do not have a standard scale used consistently from one
hospital to the next. However, the linear relationship
between MODB and BRC indicates relatively straightfor-
ward conversion of measured L and b to arrive at a
particular hospital’s bilirubin count value so that the
medical practitioner can employ the optical measurement
of jaundice in accordance with this invention in the
same way she or he employed bilirubin count previously.
In the system of Fig. 1a, following the routine of
Fig. 2, from the initial measurement preferably within
2-5 or 2-6 hours of birth, the CPU calculates the
initial Hunter values I,, a, and b, and stores these in
the Baseline Values addresses of the data portion or .
RAM of memory 17. The data RAM (or nonprogram) portion
18 of the memory 17 is indicated in Fig. 1b. A rela-
tively permanent section 18a of RAM 18 stores the data
of Table II (and Table IIT if Hunter a is to be
checked) and data such as the ranges of L that estab-
lish categories of skin coloration for which varying
Hunter b value changes are significant. 2 more often
revised memory segment stores the results of the
measurements performed with the instrument. Based on a
" relatively straightforward program retained in the
permanent ROM memory, from the measurements taken at
intervals, the CPU calculates the new values of L, a,
and b (or L and b to follow the procedure of Fig. 2),
retrieves L,, a, and b,, and subtracts those from the new
values of I,, a; and b,. The change in Hunter L, a and
b, AL, Aa and A4b, can be displayed, or preferably, the
. CPU determines if the change in L indicates an error by
' comparing the change in L to that value, stored in the
RAM 18 of the memory 17, that raises the suspicion of
test error. If there is no suspicion of error, then

SUBSTITUTE SHEET (RULE 26)



stable, durable material, and tiles were prepared as I nstrument

standards. The spectral reflectance factors of one of these t+tes—are

given in colum 4 of Table I. It was found, however, that the |nprovenent
in calibra- tion resulted in color coordinates that were signifi-=
cantly different fromthose obtained in the many studi es made with the

earlier syst emWﬁﬂﬁﬁhﬁ' on was made to adjust the calibrati gargdeuwgsszof

the new tiles I'n order to achieve consisggent results between the new
and ol d nethods of calibration. Colum 5 of Table I gi ves the adjusted

set of spectral reflectance factors for the tile of colum 4. The CE and
Hunt er col or coordi nates, for neasurenent with the specul ar conpo- nent -
excl uded and cal cul at ed for ClE standard illum - nant nd the 1931
2[err] ClE stand&h¢ GEYecfotermines shegh ert%’&u?‘%‘f’é??ﬁ‘eolmeg ﬁ 5,fPP¥R sanpl es
in the table. the valu¥) Agdikd lstidbred in memory, that indicates

PCT/ 1 B96/ 00732 monitoring or treatment of hypé@bilirubinemia for the
particular value of L that has been measured. Similar-
ly, for an infant that has previously been diagnosed
with hyperbilirubinemia and is undergoing phototherapy,
the same order of decrease to within 2 or 3 points of
baseline, depending on L, can indicate recovery and
phototherapy may be ended. The CPU memory 17 can be
provided with Table II, or another compilatién of the
categories of skin coloration, which the CPU then can
use as a loock-up table to determine if Hunter a has a
value outside of previously observed ranges for the
particular Hunter L and b. Also, if desired, the CPU
can calculate and display the hospital’s measure of
serum bilirubin based upon changes in Hunter b, for
example by applying equation 8 above.

" Even in the absence of an initial reading, based
on observed ranges of skin coloration, measurement of
either Hunter L and b or L, a and b can warn of the
likelihood of hyperbilirubinemia if a Hunter b value is
measured that is in excess of Hunter b oxdinarily
observed for subjects with that value of L. Hunter b
values exceeding those ordinarily observed for individ-
uals in a particular range of Hunter L values can be
determined by reference toc Table II. For examﬁlej'it"
will be apparent that no individual whose skin has a
Hunter I, value between 24 and 26 has measured above 13
in Hunter b. Such a measurement may be used to deter-
mine that a blood test is advisable. In all instances,
however, even where there has not been a Hunter b
baseline established, an increase over time of 2, 3 or
more Hunter b points indicates the likelihood of
hyperbilirubinemia, and if the change is a decrease,
this is indicative of a recovering newborn.




TABLB | Wave - | engt hs, Ski n Tile,

Til e, nm St andar d Formul ati on correct adj ust ed 400
19. 03 20.70 21.51 16. 67 420 18. 96 .

20. 69 21.10 16. 93 440 21.53 21. 68

20. 99 17. 65 460 25. 36 24. 43 23. 27 20. 56
480 28. 06 WO 96/40130 30 27. 82 25. 67 500 PCBB6HO732
30. 77 29. 03 27.94 520 -33-19 31.31

29. 38 28. 24 540 30.01 30. 84 28. 48 27.59
560 31.41 30.76 28. 22 27. 33 580 32. 85

34.01 31.49 30. 12 600 44. 37 43. 54 42.58
‘5"2 gg 620 55 gé 24 pable 15% {%&7 acthllge‘élefzgnggsureg%ngg made &40 57 60
2032 © 5395 A thges daypgldAnfant.’ Uggng fhe averagiiggPechnique of
700 59. 95 desc33dbed above, HuB®e®3L of 45 @nd Hunker b &f IU.1
37.28 36. 1k calculatdd. Converting to the hospital bilirubin

count in the equation (9) above, a bilirubin count of -
10.5 was calculated.

IABLE IV
: L 2 1> Y x y
Forehead 47.8 21.6 11.6 22.9 0.411 0.333
48.6 19.5 11.5 23.6 0.404 0.335
48.8 21.2 11.6 23.8 0.407 0.333
46.7 21.6 11.6 21.8 0.413 0.333
48.6 21.6 11.8 23.6 0.410 0.333
48.0 22.1 _ 11.7 23.1 0.412 0.332

Porehead 46.4 20.5 11.2 21.5 0
' 46.0 20.3 © 11.1 21.1 ©
47.4 21.4 11.6 22.4 0.411 o.333|
46.1 21.4 10.7 21.2 0
46.3 20.4 11.2 21.5 0.409 0.333
46.9 20.7 11.3 22.0 0.409 o.333'l

50.5 16.5 11.2 25.5 0.391 0.336

l |
Chest '
. .50.9 15.3 11.2 25.9° 0.388 0.338
50.1 17.5 11.2 25.1 0.395 0.336
| 50.7  16.9 .
| 50.4 16.4 )
50,1 17.3 . :
. Back 49.0 17.1 . . .

48.7 16.3
48.3 16.6
49.2 16.6
49.1 18.3
50.0 18.0




Y 34. 66 34. 89 33. 07 31. 53

Z 28. 50
28. 54 27.63 24. 20 X 0. 3703 - 0.3702
0.3732 0.3732 Y 0. 3456 0. 3464 0. 3415
0. 3523 L 58. 87 59. 07 57.51 56. 15 a .
213%7 9.02 11. 54 9. 05 b 12. 51 ‘ 12.70

. . 13. Ago9eranie0 Wth a suitable standard, basically, periieasmDn
is carried out by forcing the colorineter240 to give the desired col or

coordinates Y, x and y nentioned above, while utilizing the colorineter
with the stan- dard tile chosen. The nmethod of calibration i's known
WO 96/ 41140

PCT/ | B96/ 00732

46.2 10.5 21.4

45.3 10.2  20.5 _ T

45.9 16.0 10.4 21.1 0.395 0.336 S
' 45.5 14.4 10.3  20.7 0.392 0.338

46.3 16.1 11.0 21.4 0.398 0.339

47.3 16.9 10.9 22.3 0.397 0.336

—

e ——

The invention can afford good evidence of jaundice
resulting from medical conditions other than hyperbiliru-
binemia. Liver disorders in adults and children produce
jaundice, for example. These and other skin color
characteristics can be factors in diagnosing additional
diseases that affect skin color. It has been observed,
for example, that at least among dark skinmmed individu-
als, such as African Americans or others of African
descent, skin color is affected by tuberculosis.

The application of .the method and apparatus is not
limited to the jaundice-related testing described above.
Experiments with rhesus monkeys have shown a correlation
between hormone levels and the coloration of the female
monkey’s very visible reddened hind end. An instrument
like that described above was able to distinguish varying
levels of reddening in an individual test subject’s
posterior using Hunter a and Hunter L in a similar
fashion to that described above. The hormone level of
the subject was thus indicated by the methods and appara-
tus of this inyention.

Successful experimentation has begun on the evalua-
tion of the condition of laboratory mice based upon the
use of Hunter a and Hunter L in a similar fashion to that
described above.

Table V, Appendix B, is a broad categorization of
human hair coloration. In addition to diagnostic use,

test procedures and instruments according to this inven-



for particular instrunents and follows a series of steps prescribed by

t he manufacturer that need not be detail ed here. In skin col or
testing, prior to each test of a subject, each test site is cleansed. A
cl eansi ng agent, such as isopropyl alcohol, Wwhich | eaves behi nd no
coloration, is suitable. The site is well dried to avoi d any wetness

whi ch may i nt er fwoeenitsth t he refl ec- tion of light fromthe BETAREAO78D
the instrunent 10. In all cases of testings-with the instrunment correctly
calibrated, the neasuring head or instrunment orifice is pl aced agai nst
the test 'site to be neasured. Care is taken to avoid the adm ssion of
anbient light to the i nstrunent. Pressing the head firmy against the

test . Site preven] ot Neeht’ %agh Elidllodind how N0l 1ddifle thel Kazk!edas
determ ned that be? t &8£S aFe obt al ned_1 one renove I nstrunent
fromtHe test siteclts instiural cpleXiedy Witdnraierence %l%“%é’ﬁ"ﬁﬁ"ﬁ%ﬁ%l%d

for in software igble agnuaiii onet el aphangesoini eslanty igreyingsor dsy
wi th an appropri ahg USRS ok NSLIHSdA) deEest el {0 d HHNCphBRFANS! F UTENt

briefly well away col orineter etﬁ)e
shown in Fig. |a, 3RPearagcgeiwhetier qk%%ttteﬁ‘ﬁeﬁl’bﬁ%%t #h 9FiEdnps coloring
m cr opr ocessor oY Didhesenopldr nepradpienti wytk ochddiimittatdonbbf tie

devel op the color gqar Iﬁ§r&§Ee§d%htfﬁﬁ£9 h TLeRLtpe measured values X, Y
and Z (Y being the sa J) Oertaln col orineters devel op the
Hunt er col or In much the same way, tooth coloration can be as-

sessed by this invention and the techniques described can
be used to arrive at a natural coloring of feplacement
dental work consistent with existing or replacement
teeth. '

Plant and crop specimens are good candidates for the
application of the procedures and apparatus of the
invention. For example, conditions leading to the
degradation of grain stored in silos are observable based
upon color change. Determination of these conditions by
instrument is made possible by the techniques of the .
present invention, and this opens the way to automated
monitoring for this purpose. Soil samples from oil
spills when measured by these procedures and apparatus
indicate the degree of soil contamination by oil or
gasoline. Testing of such soil contamination has ben
successfully conducted. Biological test subjects of a
great varlety can be tested by means of the present
invention. ' : '

From the foregoing it should be apparent that the
methods and apparatus described are exemplary and not
intended to limit the scope of protection of the inven-
tion as set forth in the appended claims.



coordinates L, a, and b. Since the degree of conputa-
col or nmeasuring device 10 (i.e. colorine-
internally perfornms varies,

tion that the
ter or spectrophots
t he manner of cal cul ating the Hunter values

fromthe tristinulus coordinates is useful to an understanding and
practice of the invention and will enable correct use of a CPU by
appropriate cal wodkjsi@ap to performthe I nvention with any uf@“?
avai |l abl e col ori net er -26- SUBSTI TUTE SHEET (R (%
WD 96/ 41140 -15-
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I nstruments begin mnth

spectrophot oneter. Mst nodern col or nmeasuring
values X, Y, and Z. Fromthese can be

measur enent of the tristinmulus
derived the C E

p
APPENDIX A %
R
No. | Hunter L | Hunter b No. | Hunter L | Hunter b :@
1. | <27 -5 33.|36 to <39 | -5 K
2. | <27 3 34. |36 to <39 6 -
3. <27 7 35.|36 to <39 7 ;“g
' 4, <27 8 36.}|36 to <39 8 g
5. <27 9 37.136 to <39 9 -
6. <27 10 38. |36 to <39 10
7. | <27 11 39.}36 to <39 11
8. <27 12+ 40. )36 to <39 12
9. [27 to <30 -5 Il 41.]36 to <39 13
10. [27 to <30 6 42.]36 to <39 14
11. |27 to <30 7 43.|36 to <39 15+
12. |27 to <30 8 44.}39 to <42 -5 |
13. |27 to <30 9 45.139 to <42 6
14. |27 to <30 10 46.]139 to <42 7
15. |27 to <30 11 47.139 to <42 8
16. |27 to <30 12+ 48.(39 to <42 9
17. |30 to <33 -5 49.{39 to <42 10
18. |30 to <33 6 50.139 to <42 11
19. |30 to <33° 7 51.|39 to <42 12
20. |30 to <33 8 52.]39 to <42 13
21. |30 to <33 9 53,39 to <42 14
22. |30 to <33 10 54.|39 to <42 15+
23. ]30 to <33 11 55.142 to <45 -5
24. |30 to <33 12+ 56.]|42 to <45 6
25. |33 to <36 -5 | 57.l42 to <4s 7
. 26.. 133 to <36} - 6 . - i 58.]42 to <45 [ - 8
27. |33 to <36 7 59.]42 to <45 9
28. |33 to <36 8 60. 42 to <45 10
29. |33 to <36 9 61.]42 to <45 11
30. |33 to <36 10 62.]42 to <4S 12
31. }33 to <36 11 63.142 to <45 13
32. |33 to <36 12+ 64.|42 to <45 14

* The designation -5 means less than 5 but more than 4.

** The designation 12+ means more than 12 but less than
13.

SUBSTITUTE SHEET (RULE 26)



chromaticity coordinates x and y: x =X/ (X Y+ 2

(D) y =Y (X+ Y+ 2 (2) The instrunment |0
of Fig. la outputs the triplet of values x, y and Y as the starting point
for further cal cul ations by a central processing unit which can be

dedi cated m croprocessor circuitry or personal conputer 15. The remai ni ng
two tristinulus VUP9641130 and Z are avai |l abl e by conput ati on aBCcTABIEm0932

X = xYly, and (3) 27- Z = (1-x-y)Yly

(4) In the preferred enbodinment, in any event, the CPU according to
Fig. |a develops the Hunter value b  discovered in accordance with this

I nvention to be capable of use to detect and nmoni t or hyperbilirubine-

m a. The Hunter b o e s

Hunter in 1958. R of eclus er b
Meter,""J. Opt. So. @2 eqLiSt ithxS4oy t Hese ale:
L= 10 (Y)[err] 103. a} 51 It 5541} 02 oX - /
ylerr] . (6) _ 0. 8f704) |5V ids4 | (Ao Wigre
L_|s-|a l'i ght ness _ ] -Lre 105. 3T o5 sq .
Vi sua er cepti ons [fef et oJlE 5 ot Terr

Y: a ispa (F:)oordi : 2L o rJeeni'tgat, X tqﬂhé i) e’

t k0T ¢ s| Sk 88 Lol3F gredn,
e; | 208. bl 3% to <54
pos 1093e s uss «$@not ad hat §he
‘ 110, |51 to <54 16 :
111. |51 to <54 17
112. |51 to <54 18
113. |51 to <54 19
114. |51 to <54 20+
115. |54 to <57 -5
116. |54 to <57 6
117. |54 to <57} 7
118. |54 to <57 8
119. |54 to <57 9
120. |54 to <57 10
121. {54 to <57 11
122. |54 to <57 12
123. |54 to <57 13
124. |54 to <57 14
125. {54 to <57 15
89. (48 to <51 11 126. |54 to <57 16
t'ﬁ90. 48 to <51 12 127. {54 to <57 17

91. |48 to <51 13 u 128. |54 to <57 18

val ues denote that |t H8-cpfBrt@ <48
and negative val uejy Gf.a]45demot4d
yel | owness- bl uenesy 72codadi eatars
73. |45 to <48
74. |45 to <48 10
75. {45 to <48 11
76. |45 to <48 12
77. |45 to <48 13
78. {45 to <48 14
79. |45 to <48 15
BO. |45 to <48 16
8i. |45 to <48 | 17
82. ]45 to <48 18+
B3. {48 to <51 -5
B4. |48 to <51| 6
85. |48 to <51 7
86. |48 to <51 8
B7. |48 to <51 9
88. |48 to <51 10

92, |48 to <51 14 129, |54 to <57 | - 19
93. |48 to <51 15 130. |54 to <57 20+
94, |48 to <51 | 16 131. {57 to <60 -5
95. |48 to <51 17 132. {57 to <60 6
96. |48 to.<51 18 133.. {57 to <60 7
87. 148 to <51 19 134, |57 to <60 8
. 98. {48 to <51 20+ 135. |57 to <60 9
99. |51 to <54 -5 136. |57 to <60 10
100. |51 to <54 6 137. |57 to <60 11
101. |51 to <54 7 138. |57 to <60 12
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color is yellow rather than the opponent col or bl ue, and negative val ues
of b denote the opposite. For yel l ow colors, starting with
an appropri - WO 96/ 41140 -16-

PCT/ 1 B96/ 00732 .ate high value of L, which would be a Iight grey,

I ncreasing positive values of b result in a series of colors that may be .
descri bed as |i g/t ogueidpoW sh grey, pale yellow, |ight yell ovg,q{gis' Srbgrant
yel | ow and vivid yellow, in turn. Thus b-32&- a neasure of the ™intensi-

ty" of the yellow color. Historically, all three Hunter values, a, b
and L,. have been utilized to describe a color. The inventors have

determ ned that one can use the Hunter skin | i ght ness neasure L and
conpar at i-ve det er rdoatiQ - '

d.pationg of  thg Huntac.val weh davaglaonad gt tigp
intervals to  medsios (hkuntemai baunker bl sy Bunsiern job Hupker b |
T 57 to <60 13 175. |63 to <66 17
57 to <60

176. |63 to <66 18

PN PRI 80T e g shnem b e
Bofe .. s Lrem B et Bir o vt
PEL TR 28 LY L ML) DRy .l - ]

141. |57 to <60 15 177. |63 to <66 19
142. |57 to <60 16 178. |63 to <66 20+
143. |57 to <60 17 179. |66 tOo <69 -5
144. {57 to <60 18 180. |66 to <69 6
145. |57 to <60 19 181. |66 to <69 7
146. |57 to <60 20+ 182. |66 to <69 8
147. €0 to <63 -5 183. |66 to <69 ]
148. |60 to <63 6 184. |66 to <69 10 i
149. |60 to <63 7 185. |66 to <69 11
150. |60 to <63 8 186. |66 to <69 12
151. |60 to <63 9 187. |66 to <69 13
152. |60 to <63 10 188. |66 to <69 14

153. |60 to <63 ] 11
l154. |60 to <63| 12
f155. |60 to <63} 13
fis6. |60 to <63 14
f#157. |60 to <63 15

189. |66 to <69 15
190. |66 to <69 16
191. |66 to <69 17
192. |66 to <69 18

193. |66 to <&9 19
158. [60 to <63 16 194. {66 to <69 | 20+
159. |60 to <63 17 195. 269 -5
160. |60 to <63 18 196, 269 6
161. |60 to <63 19 197. 269 7
162. 160 to <63 20+ 198. =69 8
163. |63 to <66 -5 199. 269 9
'164. |63 to <66 6 200. 269 10
165. |63 to <66 7 201. 269 11

Y166. |63 to. <66 8 202. |. =269 1120
167. |63 to <66 9 203. 269 13
168. |63 to <66 10 204. =69 14
169. |63 to <66 11 205. 269 15
170. |63 to.<66 12 206. 269 16
171. |63 to <66 13 207. 269 17
172, |63 to <66 14 208. 269 18
173. |63 to <66 15 209. 269 19
174. |63 to <66 16 210. =69 20+
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rubi nem a and by that neasurenent of jaundice detect
b provides a reliable neasure of

absence of the

t he yel | ow undertone
a and Hunter
way to define a color.

Hunt er
usual

wherei n the col evoves1tg0et er 10 produces the values Y, x, y, tIRCTABMMITRr 15
derives the Hunter values L and b. The Hunige-li ght- ness skin col or
characteristic L affects the amount of Aﬁﬁﬁﬁﬁiie in the yell ow neasure
Hunter b that indicates hyper bi | i r ubi nem a. ol?omnng t he procedure
repr esent - ed in Fig. 2, steps 1to 4 a rably using an aver agi ng
techni que described below, a newborn is neasured, preferably within 2-5
or 2-6 hours ofg=s ' e '
Hunter <L and |b, [PATECPRY, NAME o YW-PLER
cal cul ated at tfhi ' Min : At M
3, out of rangdipiackes are | SCar o |.5a.00al 4. 0ouf Sizd@ot hao.abgE 5.00
20>L>80, 2 ; . TS 20 p
Hunter a and b A s T ey > - -
at step 5, for k Browh ¢ ci@n00 {16700, 730. 299 | TH-08, 15
again Darkest Dark Brown 14.00 | 16.00 }-20.00 3.00 1.15 1.25
Darkest Dark Brown | 14.00 | 16.00 |-10.00 3.00 1.25 3.00
Darker Dark Brown 16.00 | 19.00 {-10.00 3.00 |-10.00 2.70
Darker Dark Brown 16.00 | 19.00 j-10.00 3.00 2.70 2.95
Darker Dark Brown 16.00 | 19.00 |-10.00 | 3.00| 2.95] 3.20]
Daxker Dark Brown 16.00 | 19.00 {-10.00 3.00 3.20 1 10.00
Darker Dark Brown 16.00 | 19.00 2.00 3.00 |-10.00 2.70
{Cool Auburn Tones)
Darker Dark Brown 16.00 | 19.00 2.00 3.00 3.20 | 10.00
(Warm Auburn Tones)
Brown 19.00 | 22.00 0.00 6.00 |-10.00 2.95
Brown 19.00 | 22.00 0.00 6.00 2.95 | 3.20
"Brown 19.00 [ 22.00 | o0.00] 6.00] 3.20 | 3.45
Brown 19.00 | 22.00 0.00 6.00 3.45 | 10.00
Brown 19.00 | 22.00 | . 3.50 6.00 3.45 | 10.00
{Warm Auburn Tones)
Brown 19.00 | 22.00 3.50 6.00 |~10.00 3.45
{Cool Auburn Tones)
Medium Brown 22.00 | 27.00 1.00} 6.00 |-10.00 3.75
Medium Brown 22.00 | 27.00 1.00 6.00 3.75 4.00
Golden Med. Brown 22.00 | 27.00 1.00 6.00 4.00 4.25
Golden Med. Brown 22.00 | 27.00 1.00 6.00 4.25 | 10.00
Medium Brown 22.00 | 27.00 3.50 | 6.00 4.25 | 10.00
(Warm Auburn Tones)
Medium Brown 22.00 | 27.00 3.50 6.00 |-10.00 | 4.25
(Cool Auburn Tones)
Darkest Med. Blonde | 27.00 | 28.00 1.80 6.00 | -5.00 6.00
Darkest Med. Blonde | 27.00 | 28.00 1.80 5.00 6.00 6.50
Darkest Med. Blonde | 27.00 | 28.00 5.00 6.00 6.00 6.50
’ Darkest Med. Blonde | 27.00 | 28.00 1.80 6.00 6.50 | 15.00
Medium Blonde 28.00 | 31.00 1.80 6.00 | -5.00 6.00
: Medium Blonde 28.00 | 31.00 1.80 5.00 6.00 6.50
[[Med. Golden Blonde | 28.00 | 31.00 | s5.00] 6.00]| 6.00] 6.s0
Med. Golden Blonde 28.00 | 31.00 1.80 6.00 6.50 | 15.00

The coordi nat e
of- the col or

ai | ment.

In the

of human ski n.
L should be ignored, but they are
particul ar arrangenent of Fig.

t he presence or

Thi s does not nean that
not used in the

| a,

* Negative values are used in this table in their ordinary sense,
to denote values less than zero.
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-17- preferably using the averagi ng techni que descri bed betlew

t hroughout the next several days, Hunter L and b (and a, if used) are
nmeasured at intervals as repre-

sented by step 6 of Fig. 2. L is conpared
to the value originally measured as indicated at step 7. It should not

vary nore than golgganep0i Nts (depending on the range of L beigegaRpsraed)
or the test is discontinued as at step 8._JgiLs is so unless there is

anot her expl anati on. Unl ess di scontinued as expl ai ned above, Hunter b is
conpared at step 9 to the baseline value established shortly after birth.
As determned at step 10, if Hunter L remains consistent, if at any tine
Hunter b increases two points or nore for skins with L

val ues at or below
approxi mat el y o
approxi mately Hjl, GHFEGORY M | |
bl ood test should be conducted, a :
this condition, cPMegC! | bed.] 3xugd ¢r 3b.om(dr eases jof e oo |t 05t 0@ |pOENLE
for L val ues atfjgpéndec! ow approxirately 31 and Hunter [ i ncredses of jtwo
Lightest Med. 31.00 | 33.00 1.80 5.00 6.00 6.50
Blonde _
Lightest Med. | 32.00| 33.00| s5.00| 6.00| 6&.00 6.50“ sy
Blonde .
Lightest Med. ' 31.00 | 33.00 1.80 6.00 6.50 | 15.00
Blonde :
Light Blonde 33.00 | 36.00 1.80| 6.00] -5.00 7.00
Light Blonde 33.00 | 36.00 1.80 5.00 7.00 7.50
‘Light Blonde 33.00 | 36.00 5.00] 6.00 7.00 7.50
Light Blonde 33.00 | 36.00 1.80 6.00 7.50 | 20.00§
Lighter Blonde 36.00 | 40.00 1.80 6.00 | -5.00 8.00 ‘
Lighter Blonde 36.00 | 40.00 1.80 5.00 8.00 8.50
Lighter Blonde 36.00 | 40.00 5.00 6.00 8.00 8.50
Lighter Blonde ' 36.00 | 40.00 1.80 6.00 8.50 | 20.00
‘Lightest Blonde 40.00 | 80.00 1.80 7.00 | -5.00 9.00
Lightest Blonde 40.00 | 80.00 1.80 5.00 .00 | 10.00
Lightest Blonde 40.00 | 80.00 5.00 7.00 9.00 | 10.00}
Lightest Blonde 40.00 | 80.00 1.80 7.00 { 10.00 | 30.00
Light Red 22.00 | 28.00 {. 6.00} 30.00 | -5.00 3.50
Light Red 22.00 | 28.00 6.00 | 30.00 3.50 3.75
Light Red 22.00 | 28.00 6.00 | 30.00 3.75 4.00
Light Red 22.00 | 28.00 6.00 | 30.00 4.00 | 30.00
Medium Red 19.00 | 22.00 6.00 | 30.00 |-10.00 3.50
Medium Red 19.00 | 22.00 6.00 | 30.00 3.50 3.75
Med. Golden Red 15.00 | 22.00 6.00 | 30.00 3.75 4.00
Med. Golden Red 19.00 | 22.00 6.00 | 30.00 4.00 | 30.00
Dark Red 14.00 { 19.00 3.00 | 30.00 |-10.00 2.50
Dark Red 14.00 | 19.00 3.00 | 30.00 2.50 2.75
Dark Red 14.00 | 15.00 3.00}| 30.00 2.75 3.00
Dark Red - 14.00 | 19.00 3.00 | 30.00 3.00 | 30.00
Red Blonde 27.00 | 40.00 6.00 | 30.00 6.00 | 30.00
Red Blonde 40.00 | 80.00 7.00 | 30.00 6.00 | 30.00
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to three points for

L val ues above approximately 51 can be used as red

flags or warning signs requiring closer nonitoring. When t he

measur ed val ue of Hunter
3-5 points the test

L at any tine is found to have varied nore than
procedure is suspect and the test may be di sconti nued.

Hunter L variations of this magnitude do not ordinarily occur in skin
col or neasurenentwWObki41440s t hi s change can be expl ai ned by a cheCRBI/#73he

condition of the

subj ect (such as anem a gglghototherapy treatment, which

woul d lighten the subjects entire skin colof™ neasurenent and range, but in

direct ratio of L and b)

the test would be suspect. But if the change in

Hunter L can be expl ained as above, then an adjustnent factor would be
used to calculate L and b.

PCT/ 1 B96/ 00732

lw/ 70% - 90% Grey

| Black/Dk Brown/Med
| Brown/Brown

1
iw/ 70% - 90% Grey

tBlack/Dk Brown/Med
1 Brown/Brown
lw/ 70% - 90% Grey

fBlack/Dk Brown/Med
| Brown/Brown
/ 70% - 90% Grey

(ﬁlack/Dk Brown/Med
i Brown/Brown
w/ 40% - 60% Grey

\
23.00 727.00 -10.00 1.00 {~-10.00 : 3.751
' |

iBlack/Dk Brown/Med
f Brown/Brown
jw/ 40% - 60% Grey

23.00 | 27.00 }-10.00 1.00 3.75 ] 4.00

I Black/Dk Brown/Med
i Brown/Brown
jw/ 40% - 60% Grey

23.00 | 27.00 {-10.00 1.00 4.00 | 4.25}

|Black/Dk Brown/Med
Brown/Brown
40% - 60% Grey

.23.00 |} 27.00 }-10.00 1.00 4.25 '10.001

| Grey Bair Program _ :{ )

10.00

'~4o% - 60% Grey

6.00 { 10.00 }-10.00}] ~-0.80

’IO% - 90% Grey

10.00 | 999.00 -10.00-:| -0.80 J

40% - 60% Grey

7.00 {-10.00 ] -0.80

|70% - 90% Grey

PR

-999.00

}40% - 60% Grey
70% - 90% Gre
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During phot rapy, then, the testing procedure according to this

I nvention can ﬂ“ﬂ]mmmadj ust- nent factor for the |ightenmg—of—
t he skin col o“‘““mm B¥e photot herapy |ights. As i ndi cat ed,
it has been the i Avehtdts'® practice to require the additional neasurenent
of Hunter a at each testing. The best procedure in which Hunter a is
utilized is illywplokmizggd i N Fig. 3. Again the averaging t echpceusyeiners2
preferably used as descri bed bel ow. Based -3ppon the testing of the skin
color of several mllion i ndi vidual s, the inventors have identified sone
210 broad categories of skin coloration. That is to say, 210 broad
ranges of Hunter L, a and b have been identi - fied. Hunter L and b val ues
for each of these catego- ries are shown _jin,Table Il, Appendi x A hereto.
Tabl e [11, below, provides the ranges of r a reasonably to be
expected. For certain values of L, Hunter a above a particul ar val ue has

not typically beeny obgeiusibesSBeUbrébeinpsl condieabs fn imwjeatoul Side
any previously observed range '

rr.a pagtigular L Lhis e
“takeri as at |east a furVReFdj %GE'P'P nlﬁ?fu %sor?esgglgg%%‘ru%h éaet\cg(%lr%'lg%lgon of '
the subject if the Huchange iralcedorahhon of HdienisybIBEt AckRRIMRAFESESr, e.g.

fromcrying or drying aggﬁ#rpﬂ,{y Rhe ShepsOSELUITence IS represented at
step 7 of Fig. 3. t her

_ he ne r enent ‘ C av, f
val ue of a warning that the |j aungfalciea&s?os??%?g%vﬁq{%qn eﬁ?%érlgﬁgllgu:ﬁﬁlem a
may shortly occur sincewigh 2i¢ekPr MEFSHELRT ingtyument: ERCeVRAIUG H5:@ j ust

before-Hunter b color factor in the color of the subject, said color
factor being dependent on the content of said color-
ation in the subject’s color,

{b) measuring with the color measuring
instrument, at least at one further point in time,
the value of said color factor in the color of the
subject, and .

(c) comparing the values of the factor
determined at said first and further points in time
to determine whether there has been exhibited a
change therein of a predetermined magnitude evidenc-
ing said medical condition.

2. The process according to claim 1 wherein steps (a)
and (b) comprise measuring a color factor that
varies with relative content of opponent colors.

3. The ﬁrbcess according to claim 2 wherein steps (a)’
and (b) further comprise measuring a color factor
that is dependent on lightness of the coloration of
the subject.

4. The process according to claim 1 wherein steps (a)
and (b) comprise measuring a color factor that
comprises a first function weighted in a first
portion of the spectrum, a second function weighted
in a second portion of the spectrum, and a weighting
term that is a function of the lightness of the

This Sheet Has Been Replaced
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I ncr en, an infant has not been crying (which boost s

e o R = e ool e e

PCT/ 1 B96/ 00732 -19-

TABLE 111 | f Hunter L val ués are: Then Hunter a val ues

are: 24 (WO%H34) to 44 4 to 16 PICX/1B96/60432
4 to 18 -33-

s

color and that modifies the value of the color
‘ factor.

. 5. The process according to claim 4 wherein the first
portion of the spectrum is a yellower porticn of the
spectrum and the second portion of the spectrum is a
bluer portion of the spectrum.

6. The process according to claim 1 wherein steps (a)
and (b) comprise measuring Hunter b.

7. The process according to claim 5 wherein the condi-
tion is hyperbilirubinemia, the subject is an infant
and step (a) comprises measuring at a first point in
time that is within a predetermined period after
birth.

8. The process according to claim 5 wherein the condi-
tion causes jaundice in a human child or adult test
subject, thereby effecting change in the measured
color factor.

9. The process according to claim 1 wherein steps {(a)
' and (b) comprise measuring with a color measuring
instrument that has memory and computational means,
and wherein the process further comprises the step .
of storing in the memory the color factor value
determined by measuring coloration of the subject at
a first point in time, and the step of comparing the
values of the factor comprising comparing by the
v computational means the stored color factor value
and the value of said color factor measured at the
. at least one further point in time to arrive at the
difference in the color factor values.

This Sheet Has Been Replaced
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55 to 59 : 5to 25 60 to 71 (or nore)

6 to 30 for greater accuracy an aver agig

techni que is lellmmﬂlumnmmmm‘e Y, x and y readi ngs are made with the

col ori meter 10*at® sévefal Sdiff erent sites. For exanple, neasurenents are
made at one or nmore | ocations on sonme or all of the subject's fore-

head, cheek, chaﬁégéﬂgﬂpack as suggested in the steps of th bodrs2
outlined in Fig. 2. a preferred enbodiygent, 5 or 6 readings at each of’
5 different sites are made. Hunter a, b and L values are cal cul at - ed
for each reading. The high and | ow values of a, b and L fromeach site
are di scarded by the conputer or conputational provisions of the Fig. la
I nstrunent a- tion, for exanple. The |nstrune .0or _th % t hen
averages al | of tRd-reFae PFRFSAA GESOTRIRG TR CL2m lb"ﬁﬁ e &cF%ite.
The average a, b and L (ahusnd uﬂl@mh@tQHEfmaktnzﬂmuimuplareclﬂenmugﬁﬂfas t he
Hunter a,. Db and L valiyeg ddh 4t ebndhAyStie dAgacds! eab i dile ~
hyper bi | i rubi nem a. one variation of b value occurs in ependence
on the body |ocation WReRBUFRRYRys are taken. Consistently averaging the

val ues of Hunter a, b and L cal cul ated from nmeasurenents taken at the

same  several |ocpfionge %Br éh dxbarad 'zh?j £6281 Pfin UL hhePeinchtépdats) any
uncertainty resultlng fromsu var| a- i ons, The caonsi.ste

of consistent sites |a§des(§énF‘PWr’c§Fr Jekiog: 2k nkeash & @W&géﬁgfgé%hgem

multiple measurements at varying locations on the
subject.

3
.gé
o
"3
i
&

12. The process according to claim 1 further comprising
the step of:
(d) establishing a plurality of color-
ation classes in which a differing change in value
of said color factor is indicative of the condition.

13. The process according to claim 12 wherein step (4)
comprises establishing a plurality of coloration
classes that are colors within varying ranges of
lightness.

14. The process according to claim 13 wherein steps (a)
and (b) comprise measuring Hunter b and step (d)
comprises establishing coloration classes that are
colors within varying ranges of Hunter L, the pro-

. céss further comprising the step of measuring by
instrument the Hunter L of the subject.

15. The process according to claim 14 wherein the color-_
ation is skin coloration the step (d) comprises
establishing coloration classes that include a first
class of skin coloration having a Hunter L at or
below a value of substantially 51 and a second class
of skin coloration having a Hunter L above the value
of substantially 51, increases in Hunter b values of
substantially two or more points for skin coloration
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- 20- ““,mﬂmmuumuﬂm‘easure of serumbilirubin typically uses a
scale differe re of Hunter b detected by the above
procedure. In extensivéd t&sts at one hospital, a linear relation was
observed between serum bi |l i rubin nmeasured using the hospital's scale and
the Hunter b rmeas¥PaMEM#0 according to the invention. I n that boBmEéel73z 12
was the serum bilirubin val ue that si gnal |13+ nonitoring or treatnent of
hyper bi | i r ubi ne- ma. Steps 12-15 of Fig. 2 and 13-16 of Fig. 3 calcu-

| ate the serumbilirubin level fromthe above proce- dures and conpare it
to the determ nati on made by bl ood test. Correl ati on between

Hunter b and the hospitgk tnditiddtPiclas8uBbisPRnaieativet 8f Mhyskyiq ikg-i n
accor - . , . .
binemia, and increases in Hunter b values of sub-
stantially three or more points for skin coloration
. of the second class being indicative of hyperbiliru-
binemia.

16. A process of detecting a condition in a subject,
which condition includes a symptomatic coloration}
the proﬁess compriging the steps of:

(a) measuring with a color measuring
instrument the value of a color factor in the color
of the subject, said color factor being dependent on
the content of said coloration in said color,

(b) establishing a range of factor-depen-
dent values characteristic of subjects without said
medical condition, and

_ (c) comparing with said range of values
the value of the color factor determined in sgaid
step of measuring.

17. The process according to claim 16 wherein the color-
ation is skin coloration, and step (a) comprises
measuring Hunter b and the process comprises detect-
ing hyperbilirubinemia. -

18. The érocess according to claim 16 wherein step (a)-
comprises measuring the color factor Hunter a.

19. 'The process according to claim 17 wherein step (c)

comprises recording values of Hunter b associated

» with at least one other color factor in individuals
without hyperbilirubinemia, step (c) comprises

. comparing the Hunter b of the skin color of the
subject with the Hunter b values previously recorded
for individuals comparable with the subject in the
at least one other color factor of their skin color.

This Sheet Has Been Repla
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dance with the Toll ow ng eguatbon: BRC = 2.5 ([{ 47/L }[err] b] -

- 6.8) (8) m MLS the hospital bilirubin count, tF
47 is -the av “mm]ﬂil n

tire database gat hered over the course of 3
research, and t @nd'b 8re® " the average Hunter val ues deternined as %
descrlbed above. The termin braces nodifies b according to the: -ﬁ
val ue L rel ati ve woodifitgpaverage, in this case 47, accor di ng 4 6& Wr e’ k:
root (superscript 1/2) function. It may Beg.easier to understan ? o
above equation if it is witten another way. If the nodified b (in 3
square brackets) is called MODB: MODB = 6.8 + 0.4 BRC %
(9) The nunbers 6.8 and 0.4 (— 1/2.5) are, respectively, t he

i ntercept and sl ope _of the strai line relation etween nodi fied b
o B Tho 6. B ) 20¢ hoARRARRS gt JOT meAEEHRRA SRECTABLEN LI AL EY: 3

t he average base- Icmdsﬂd:am,cuherapﬁamtmm isicdwudihgva regand EolkODB
changes as BRC i ncreasegecdiidy redt8cPba A fHHt) B8h a subfesES nldakls B¥rONe
poi nt. deriving from the reflected light a color factor
dependent on the content of said coloration in the
color of the subject, means for storing the color
factor, and means for calculating the change in
value of the color factor from the values of the
color factor derived at first and second points in
time.

T I WP UL, U S SRS X AP WOY Tt IS

21. The apparatus according to claim 20 further compris-
ing means for determining whether the change in
value of the color factor is indicative of the
condition.

22. The apparatus according to claim 21 wherein the
apparatus comprises means for determining a first
function weighted in a first portion of the spec-
trum, means for determining a second function
weighted in a second portion of the spectrum, and
means for determining a weighting term that is a
function of the lightness of the color of the sub-
ject and that decreases the value of the color
factor as the lightness increases, said means for
deriving the color factor comprising means for
calculating the color factor from the first and
second functions and the weighting term.

23. The apparatus according to claim 22 wherein the
first portion of the spectrum is a yellower portion
of the spectrum and the second portion of the spec-
trum is a bluer portion of the spectrum.

This Sheet Has Been Replace
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-21- IM"I l ’ HH Lexenplary only and may vary in det ai |
when applied to or to biliru- bi n count val ues from

anot her hospital since hospitals do not havé a standard scal e used

consi stently from one hospital to the next. However, the linear

rel ati onship bWORedH4MODB and BRC i ndicates rel atively strai gorisyemsersz
ward conversion of neasured L and b to arriv@-at a particul ar hospital's
bilirubin count value so that the medi cal practitioner can enploy the
opti cal neasurenent of jaundice in accordance with this invention in the
same way she or he enployed bilirubin count previously. In the

system of Fig. la, jfol | gyb rgd%%thQUEbESiéin td-iclaim 21 HBAdIR iRt i al
measur ement preferably

{ ours _of ?lrth t he %PU a

cal cul ates the i nltlﬁfr?{uﬁHECtﬁﬁFué§ {e s%&ﬁ@?r EF?ﬁ(%%’ raftf
stores these in t he BSheecbeightiagubermdus 8. of the data portion or
RAM of nenory 17. The data RAM (or nonprogram portion 18 of the nenory

17 is indicated in F| . Ib. Arela- yel n ctian a of RAM
18 stores the data?S- o?“?a?ﬁ%rﬁt“?aﬁacﬁ%*@l% u%’f Ehearq’?%

checked) and data such aslohefacikogessofuntahddl. estab- i sh cat egorl es of
skin coloration for which varying Hunter b val ue changes are
significant. Amore oft e appararis’altording 14 elhR" 21 Shddda €Rd! 15 ©f

color factor is Hunter a.

27. The apparatus according to claim 21 wherein the
color factor is a measure of yellowness.

28. The apparatus according to claim 25 further compris-
ing means defining ranges of the Hunter lightness
value L, means for determining into which range of L
a measured coloration falls, means establishing a
value of change of Hunter b indicative of the condi-
tion for each range of L, and means for comparing
the calculated change in the value of Hunter b to
the value of change indicative of the condition for
the appropriate range of L.

29. The apparatus according to claim 28 further compris-

ing means establishing a warning value of change of
" Hunter b for each range of L that :is less than the
values of change of Hunter b indicative of the
condition, and means for detecting when the value of
change of Hunter b exceeds the warning value for the
relevant range of L, whereby further testing is
, indicated.

30. The apparatus according to claim 20 further compris-
ing means for deriving from the reflected light a
further color factor, and means for calculating the

This Sheet Has Been' RT
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measurenents perforned with the instrument. Based on a relatively

oML RS
enou oot oot o2 TR I o0 Lamesrs, o, he e vhl o or

L, a, and b (or L afid b t'o f'ol Fow't he procedure of Fig. 2), retrieves
L[err], af[err] and b[err], and subtracts those fromthe new values of
Llerr], a[err] awdsblkﬂmr]. The change in Hunter L, a and "’g[f

[err]a and [err]b, can be displayed, or prefhgrably, the CPU tern1nes
if the change in L indicates an error by conparing the change in L to
that value, stored in the RAM 18 of the nenory 17, that raises the
suspi ci on of test error. If there is no suspicion of error, then

WD 96/ 41140 PCTL1 B96/ 00732 .

-22- the CPU det er fi3REe il VAR AL | tRE SYEEDEY FRFEORAR &2 dRdifarye,

again stored in nenory, tohaf inediiaktidsty of the test procedure.

31. The apparatus according to claim 30 further compris-
ing means for comparing the change in value of the
further factor with a value predetermined as an
indicator of possible error in the measuring proce-
dure.

32. The apparatus according to claim 30 wherein the
further factor is Hunter L.

33. The apparatus according to claim 20 wherein the

coloration is skin coloration, the medical condition

is hyperbilirubinemia, and the color factor is
Hunter b.

34. The apparatus according to claim 33 further compris-
ing means for converting the value of Hunter b to a
value representing serum bilirubin count.

3S. 2Apparatus for measuring a skin coloration indicative
of a medical condition, the apparatus including a
means for receiving reflected light from a subject,
means for deriving from the reflected light at least

first and .second color factors, means for -establish-:- :

ing multiple ranges of coloration based on at least
the first and second color factors and means for
detecting when the value of the first color factor
lies outside a range for coloration having a mea-
sured value of the second color factor, whereby the
medical condition is indicated as a possible cause
of the out-of-range value of the first color factor.

This Sheet Has Been Rer
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nmonitoring or treatnment of hyperbilirubinema for the particular value of
L that has been neasured. Simlar- |y, for an infant that has previously
been di agnosed w th hyperbilirubinema and is undergoi ng phot ot her apy,

the sanme order of decrease to within 2 or 3 points of baseline, depending
on L, can indicate recovery and phototherapy may be ended. The CPU nenory
17 can be provi owoosmsd Table |1, or another conpilation of thpCTABY6/00732
categories of skin coloration, which the CPU3¥ren can use as a | ook-up
table to determine if Hunter a has a value outside of previously observed
ranges for the particular Hunter L and b. Also, if desired, the CPU can
cal cul ate and display the hospital's neasure of serumbilirubin based upon

changes in Hunter bygfory, n@@;sargzax SPOLIALHE IR T WWRin tpe  EVen

in the absence of an |n|t|a ase on ob erwgd ra iﬁ

col oration, neasurenent %ﬁr5t<£q;ﬁgr RGRPE1S Byunseg Fn
of the - likelihood of h§gpetdat lilsr Hhntenik. i f a Hunter b value i's neasured
that is, in excess of Hunter b ordinarily observed for subjects with that
value of L. Hunter b val ues exceedin se ordiparil Cjgﬁrerved for
individ- uals in &7parthe ARRATRENE™ ‘F° %F%C&aiuﬂeg compris-

determ ned by reference img heans Ebr derivingriuatert a as\dne methodarént
that no individual whosecgdigy dg,a%nathe%fa[bﬂl\@l 88 LRLVaat oredu26, has

reasurd above 13 N HLELD s 4 SIBANUSIETL TRIGPE MSCll Qaget e

where there has not beerpzising eeabs fbas&ﬁﬁamlsbu-asl ai:@drazuea besedse

over time of 2, 3 or upon previously detected values of Hunter L, a and b
in subjects absent the medical condition, whereby
Hunter a measured may be compared to the range of
Hunter a for a particular Hunter L and b.

38. The apparatus according to claim 35 wherein the
coloration is skin coloration, the medical condition
is hyperbilirubinemia, the first color factor is
Hunter b and the second color factor is Hunter L.

39. The apparatus according to claim 38 further compris-
ing means for converting the value of Hunter b to a
value representing serum bilirubin count.

40. A process of detecting the condition of a test
subject based on coloration; the process including
measuring with a color measuring instrument a color -
factor dependent on the content of said coloration
of the test subject, assembling a range of accept-
able values of the color factor, and comparing the
measured color factor with the range of acceptable

' values to determine if the test subject color factor
values lie inside or outside the range.

41. The process according to claim 40 wherein the color
factor varies with relative content of opponent
colors.

This Sheet Has Been RT

suestrore sueercn2er | INNITAN




nmore Hunter b points indicates t kel i hood of hyperbi | i rubi nem a, and

he |ikeli
|nfev\;)2<ranf:h§nge is a S\le)cgg?jﬁﬂo ”!I‘"j” !:f""nmﬂﬂlllve of a recoveri-ng

PCT/ | B96/ 00732 tod- 7 Table IV is an
actual ‘set of measurenments nmade on a three day old infant. Using the
aver agi ng techniwoassfigscri bed above, Hunter L of 48.0 and Hun Bosbradl- 1

is calculated. Converting to the hospital higpLrubin count in the equation

(9) above, a bilirubin count of 10.5 was cal cul at ed.
TABLE |V -

42. The process according to claim 41 wherein the color

factor is dependent on lightness of coloration of
the subject.

43. The process according to claim 42 wherein the oppo- -
nent colors are blue and yellow.

44, The process according to claim 42 wherein the oppo-
nent colors are green and red.

45. The process according to c¢laim 40 wherein the color

factor value is dependent on the yellowness of the
test subject.

46. The process according to any of claims 40-43 wherein
the color factor is Hunter b.

47. - The process according to claim 45 wherein the color

factor value is further dependent on the lightness
of the test subject.

48. The process accordihg to claim 45 wherein the color

factor value is dependent on the redness of the test
subject.

49, Thé'process-acco:ding'to any of claims 40-42 and 44
wherein the color factor is Hunter a.

50. The process according to claim 48 wherein the color

factor value is further dependent on the lightness
of the test subject.

51. The process according to claim 42 further comprising
calibrating the color measuring instrument by pro-
viding a colored tile with color and spectral char-
acteristics specific in the quantities being mea-
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L

22.
48.
21.
48.
21.
47.
21.
46.
25.
50.
25.
50.
24.
48.
24.
50.

ONWORNRFRPOUGIONPDMUITO OO0 ©

a
0.411
21.2
0. 413
22.1
0. 409
21. 4
0. 409
20. 7
0. 391
17.5
0. 392
17.3
0. 395

16.6

0. 393
18.0

b Y Fo r 21.6 11.6
0. 333 mll m‘ﬂ“‘ lH‘ 23 6 0.404 0.335
11.6 23.8 0. 407 0 ) 46. 7 21.6 11.6
0. 333 48.6" 51.6 11 8 23.6 0.410 0.333
11.7 23.1 0.412 0.332 For ehead 46. 4 20.5 11.2
0. 380 96/41140 46.0 20. 3 11.1 21.1 0. BODIBYGNB 33
11.6 22. 4 0.411 0.333 -41- 46. 1 21. 4 10.7
0. 330 46. 3 20. 4 11.2 21.5 0.409 0.333
11.3 22.0 0.409 0.333 Chest 50.5 16.5 11.2
0. 336 50.9 15.3 11.2 25.9 0.388 0.338
31'3%6 25. Juref; W aﬁz:ﬁ@lng the indicatef. ﬁeas&ﬁer@efxtslbgges
11010 25, §he ipapmestyse Corpanpad to BReseledtad vallel®)
0. 336 when measwgng theccgloratiianp ofoghe tidbe394 0. 337
10.6 23.3 0.393 0.335 49. 2 16. 6 10.9
0. 336 1 9 .0.335
11 4 5225 6. Process, o%ojdgggcgigg a c]bn?&iti%ﬁ in a sxﬁ? ect,’
which condition includes a symptomatic, detectable
change in coloration of the subject; the process
comprising the steps of:

(a) at a first point in time, measuring
with a color measuring instrument the relative
content of opponent colors in the color of the
subject,

(b) measuring with the color measuring
instrument, at least at one further point in time,
the relative content of the opponent colors in the
color of the subject, and

_ (c) comparing the values determined at
said first and further points in time to determine
whether there has been exhibited a change therein of
a predetermined magnitude evidencing said medical
condition.

53. The process according to claim 52 wherein the mea-
.surements include a weighting term that is a func-
tion of the lightness of the color of the subject
and that modifies the value of the measured relative
content of the component colors.

S4. The process according to claim 16 wherein the factor

is Hunter b, the range of factor-dependent values
represent changes in Hunter b values, the process
further includes measuring the value of the color
factor in the color of the subject subsequent to the
first-mentioned measurement, determining the differ-
ence between the first-mentioned and subsequent
measurements and comparing the difference in mea-
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45.5 14.4 10.3 20.7 0.392 0.338 46. 3 16. 1 11.0
21.4  0.398 0. WdDess1140 47. 3 16.9 10.9 22.3  Qc#iE 36 .
The invention can afford good evidence of jadice resulting from nmedi cal
condi tions other than hyperbiliru- bi nem a. Liver disorders in adults

and children produce jaundice, for exanple. These and other skin color

sured Hunter b values to the range of values to
determine whether a change in Hunter b outside said
range is present, indicative of the condition.

55. The process according to claim 16 wherein the factor
is Hunter b and the range of values is a range of
Hunter b values.
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56. The process according to claim 1, 2, 3, 4, 9, 10,
11, 12 or 13 wherein the color factor is Hunter a.

57. The process according to claim 1, 2, 3, 4, 9, 10,
11, 12 or 13 wherein the subject is human and the
color factor is Hunter a.

58. The process according to claim 18, wherein the
subject is human and the condition is a medical
condition.

59. The process according to claim 1, wherein steps (a)
and (b) comprise measuring Hunter a as a forecaster
of hyperbilirubinemia. (Steps (a) and (b) being the
two color factor measuring steps of claim 1.)

60. The process according to claim 1, further comprising
the steps of: '
(a) measuring a lightnesas factor at said
firgt and further points in time, and
(p) compensating any exhibited change of
said color factor for significant lightness varia-
tions.

61. The process according to claim 60 wherein step (a)
comprises measuring Hunter L.
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characteristics can be factors in diagnosing additional di seases t hat

affect skin color. It has been observed, for exanple, that at |east anong
dar k skinned i ndi vi du- al s, such as African Anmericans or others of
African descent, skin color is affected by tubercul osis. The
application of the nethod and apparatus is not limted to the

j aundi ce-r el .at ed wesdM4ing® descri bed above. Experinents W t h r heeassdmordeey s
have shown a correl ation bet ween hornone, | eyel s and the col orati on of the
femal e nonkey's very visi.bl e reddened hfhd nd. An instrunent | i ke that
descri bed above was able to distinguish varying | evel s of reddening in an
I ndi vi dual test subject's posterior using Hunter a and Hunter L in a
simlar fashion to, that described above. The hornone |evel of t he

subj ect was thus isndl cat ed by the netho 1me appar a- tus pf1& his

i nvent i‘on. | CHSSTUr—exXperT™m )thioE Ras Dbegun on

tion of the condftiorf~off | aboratory mijce basgd upon the

and Hunter L in g sinildr fashion to t S( descri bed abov
V, Appendix B, i “br 04d CEALHAMETER | yhair g

addition to di agnosSty¢ Use, test prjocedurgs an nstruma
this inven- 13‘ .

‘ A 17
ROM : RAM V
'(FIG. 1b)

FIG. la MEMORY

RANGES OF L )

TABLE II DATA

>180

TABLE I DATA
AL INDICATIVE OF ERROR
Ab. INDICATIVE .OF CONDITION |
Ab WARNING LEVEL
CALIBRATION VALUES
BASELINE VALUES
PREVIOUS (AVG.) HUNTER
L,a&b

FIG. b

N

' CURRENT MULTIPLE 18b
MULTISITE (UNAVERAGED)
HUNTER L,a&b

CURRENT (AVG.) HUNTER -

L,a&b Y,
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- 25- tion can be used to determne howto restore the hair to its

natural color, or with reference to the categories of Tabl e V, hair that
has changed in color by greying or by bl eachi ng or dying can be restored

to a nore natural appear ance, whether the test subject's original
coloring or a cM¥M414B| or consistent with the limtation of tPCRABET32
categories identified in Table V. o uch the same way, tooth

and the techni ques
| ori ng of replacenent

col oration can be as- sessed
descri bed can be used to arr
dental work consistent with ex nt t eet h. Pl ant
and crop specinens are good ca plication of the

procedures and apparatus of the : exanpl e, conditions
| eading to the degradati¢n of y I 1{os e obserjvabl e based
upon col or change. Eﬁ ' | tho trjument is

o .

5
made possible by th hni gué¢ < this opens
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1. <27 - T to < <27 6
34. 36 to <39 m IM u 35. 36 to <39
7 4. <27 c mlul""" ,I 6 to <39 8- 5. <27
9 37. 36 to <39 6" <27 10
38. 36 to <39 %/41140 7 <27 39. 36 to <39  PGQWIBI6AOTI2
8. <27 12+ 40. 36 to < - 12 9. 27 to <30
-5 41 36 to <39 13 AMENGED cRAMS® <30 6
42. 36 to <39 3[ received by tie/infefatforl Bureau o 30 December 1996 (§12.98 0 <39
15+ 12. 27 to < oongmalcl&mslmreplaueab%meﬁﬂdmnﬁﬁu (sspfges)l 13.
27 to <30 9 45. 39 to <42 - .27 to <30
10 46. 39 to <42 7 15. 27 to <30 T11 )
47. 39 to <42 8 16. 27 to <30 12+ _48. 39 to <42
9 *17. 30 to <33 -5 49. 39 to <42 10 18.
30 to <33 6 5. 39anocappdratus] for detecténg Bkamiition 7
% 39 1o ;ifz 301,[2 in a tes?:osubagcio wittch comgézlon ingz'ludeé?a 39 to 232
30 to <33 10 | symptma‘é&: dgtegtable change in the pest sppiestess
11 55. 4dloaratieon; sald apparatile be’iﬂzgt chafacterilZsa by:
56. 42 to <45 6 25.  33a}0 536 t £ asudiha 42 Vel usds
7 26. 33 to <36 ta) mstoiment: L9g me “%:i 9 = vy
33 to <36 £ at leasy oms pglepysfactor n the tesh subyeqtis g
8 0.4 ﬁolo&vﬂi:lon,léaid color Factbtr beisigbdependéht, at least
% 12 to, %5 iy i in part,3%n rélakfveSontert® of one or mordZoitrd An<4°
8 'a°; -g; 5 }?; said coloration;
§ §_‘ g g (b) means for storing the value of the
0 2 2 g g | at least one color factor; and
h] ;§g§ ,§ |§ (c) a computational device communicably
% 1; _O u n linked with said instrument; said computational device
2 o) é‘; (‘%’, f'?:’ ' having means for comparing the values of said at least
Eg % G @ B | one color factor measured at a first and at least one
I 5 g _ | further point in time to arrive at a value of change in
h EE £ § color factor; said device further comprising means for
o § 828 ff comparing the value of change in color factor with a
E\Q (I preestablished measure of color factor value change,

stored in said means for storing, evidencing said
condition. :

2. The apparatus according to claim 1,
wherein said instrument for measuring is adapted to
measure a value of a color factor further dependent on

lightness of said coloration.

3. The apparatus according to either claim
1 or 2, wherein said instrument for measuring is
adapted to measure a value of a color factor that
comprises a first function weighted in a first portion
of the spectrum, a second function weighted in a second
portion of the spectrum, and a weighting term that is a
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f%. 33 to <36 11 63 42 to <45 ' 32. 33 to <36
th;n 5 but mre6?haﬁ24Fo <45 llllmmm#m% ,Iﬂgelgis:rggﬁgl (r)nr;r-eSt Egﬁnizl Eats

| ess t han 13,

PCT/ | B96/ 00732 ~ WO36/41140 27- No. HuREEfBI6/00732
Hunter b No. Hunter L Hunter b 43~ 42 to <45 = 15 - .
102. 51 to <54 8 66. 42 to <45 16 . 103. 51 to <54

9 67. 42 to <45 17 104. 51 to <54 10 68. 42 to
<45 18+ 105. 51 to <54 11 © 69. 45 to <48 -5

106. 51 to <54 12 70. 45 to <48 6 107. 51 to <54’
13 71. 45 to <4functidn of lightnes8Sof Eaidoceibratiqh4and that

modifies the value of the color factor.

4. The apparatus according to claim 1, said
apparatus being further characterized by said means for
storing comprising a means for storing as a baseline
measurement a value of said at least one color factor
"in said test subject’s coloration measured at a first
point in time when the symptomatié, detectable change
in coloration resulting from the medical condition is
generally not present in a test subject.

5. The apparatus according to claim 1,
wherein said test subject is an infant and said
condition is hyperbilirubinemia, said apparatus being
further characterized by said means for storing
comprising a means for storing as a baseline
measurement a value of said at least one color factor
in said infant’s coloration measured at a first point
in time following birth when iaundice resulting from
hyperbilirubinemia is generally not present in an
infant and said computational device further having
means for determining whether there has been exhibited
a change therein of a predetermined magnitude for that
particular infant.

6. The apparatus according to claim 1,
wherein said means for storing is adapted to store a
plurality of coloration classes in which a
predetermined magnitude of a change in value of said at
least one color factor is indicative of said condition,
said predetermined magnitude indicative of said
condition differing from one coloration class to
another; and -said. computational device further having
means for comparing the values of said color factor
measured at said first and said further paﬁntg_in time
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9 _ 110. 51 to <54 16 74. 45 to <48 10 111
51 to <54 17 75 45 to <48 11 112. 51 to <54 18
76. 45 to <48 113. 51 to <54 19 77. 45 to <48
13 114. w?ﬂ@?ﬁ“<54 20+ 78. 48 to <48 14  FCUBS
54 to <57 I5 79 45 to—<#48 15 116. 54 to <57 6 .
80. 45 to <48 54 to <57 7 81. 45 to <48
17 J’"W"lﬂl"ﬂslml ’”"i 82. 45 to <48 18+ 1109.
54 to <57 L Mg 10 = -5 120. 54 to <57 10
84. 48 to <51 121. 54 to <57 11 85. 48 to <51
\Z,4 - 15:2)) 54ai1d> d’i%ermiﬂi&f whelter tBere Keﬁﬂi ;fen &zhg.bite% a 1%2 :
to < ) <
o6, Casrio <5l 1oHangé i Vel of phig st least £h& colgr' Fagtly or ¥
11 126. Spredeteymined gagnityde evidencitgy saidjgondition for )7
54 to <p7 17 e pé‘&itﬁxlﬁil colotdtion class o'lfz&a1d5ﬁe§ﬁ sGject.18
92. 48 to <51 14 . B4 to <57 . 48 to0 <51
15 . 130. 54 to <57 20+ 94. 48 to <51 16 131
57 to <60 -5 05. 48 t 7 <51 The apparatus accor@iding %9 cdaisol, 6
ig 48 to <5|134 18wnerein saié%ané?o&osféping is/ adaptga tol8tbre <a5135
57 to <60 o Byrality ptgploration ciasses Thas ars cplozapions 1o
100. 51 to <54 @ithin varyirBranges bf kfghtneskl 101. 51 to <54
7 138. 57 to <60 12 '

8. An apparatus for detecting a condition
in a test subject, which condition includes a
synptomatic coloration; said apparatus being
characterized by:

(a) an instrument for measuring a value
in the test subject’s coloration of at least one color
factor, said color factor being dependent on said
coloration and being correlatable to a measure of said
condition that has clinical utility, and

(b) a computational device communicably
linked to said instrument; said computational device
having means for comparing the measured value of said
color factor with a predetermined range of values of
said color factor to determine whether said measured
value of said color factor evidences said condition in
said test subject.

9. The apparatus according to claim 1 or 8,
wherein said instrument for measuring is adapted to
. measure a color factor correlatable, in test subjects
having colorations of substantially varying degrees of
lightness or darkness, to a measure of said condition
- that has clinical utility.

10. The apparatus according to claim 8,
wherein said computational device further has means for
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139. 57 to.<60 13 : 175. 63 to <66 17 140. 57 to <60
14 176. 63 to <66 18 141. 57 to <60 15

177. 63 to <66 WQM4IM40 14> 57 to <60 - 16 178. PEHIBI§OMREE
20+ 143' " 179-4666 to <69 -5, 144. 57
to <60 to <69 6 145. 57 to <60 19
181. 66 to <69“m",ml"|" @H’ﬁﬂm to <60 20+ 182. 66 to <69
8 47. . ©6 to <69 9 148. 60
to <63 184. 66 to <69 10 .149. 60 to <63 7

185. 66 to <69 1éompar159 th&thddbur@d valud of said colokS§actbh WREK69 -

12 a range of acceptahle values of said color factor that
is indicative of the presence or absence of said
condition in said subject to determine if the measured
value of said color factor lies inside or outside the
range. '

11. The apparatus according to claim 8,
wherein said instrument for measuring is further
adapted to measure a color factor which is
substantially that of color factor Hunter b in said
coloration of said test subject and said camputationai
device further has means for comparing tﬁe measured
value of said color factor of said test subject with a
range of values of sald color factor associated with
said at least one color factor in subjects other than
said test subject, said subjects being comparable with
said test subject in said at least one color factor of
coloration.

12. The apparatus according to clainm 8,
wherein said computational device further has means for
comparing the measured value of said color factor with
a range of values of said color factor characteristic
of suhdects.witﬁout said condition.

13. An apparatus for detecting a condition
of a test subject based on coloration of said test
subject; said apparatus being characterized by:

(a) an instrument for measuring a value
of at least one color factor which is substantially
that of color factor Hunter b in said coloration of
said test subject; and ‘

(b} a computational device communicably
linked to said instrument, said computational device
REPLA FFV%@; SH }T having means for comparing the measured value of said
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151. 60 to <63 9 187. 66 to <69 13 152. 60 to <63

10 198. 66 to <69 14 153. 60 to <63 11
189. 66 to <69 15 154. 60 to <63 12 190. 66 to <69
16 155. 60 to <63 13 191. 66 to <69 17 156. 60
to <63 14 WO%/4114002 66 to <69 . 19 157. 60 to <6BCT/ABY$0732
193. 66 to <6 to <63 ~Ad - 194, 66 to <69
20+ 159. 95. >69 -5 160.
60 to <63 18 ,",mmm"”"@@m >69 6  161. 60 to <63 19
197. >6 60 to - 20+ 198. >69
8 163. 63 to <66 -5 199 >69 9 164. 63
581<66 >696 EEIQQCEEctor:ﬁith a gngelgf accéH%ibleﬁ%a&QeéGQf sai&
120' * 167. 63 to gggor fag;or é;at are gegicatlggﬂgf the pre§gnce °€68
63 to <66 10 absence Xifl.the cdidition in d/subject6¥o deBermin€6if 11
205. >69 6

. t
16 171 63 to <é§e meﬁéégkd 4§iﬂé)o§6§§id égi%§ factor 1139 ins1d3§§r
to <66 14 outside the range. 18 173. 63 to <66 15
209. >69 19 174. 63 to <66 16 210. >69
20+ '

14. In an apparatus for detecting the

condition of a test subject, which condition includes a
symptomatic, detectable change in said test subject’s
coloration; the improvement being characterized by
storage means including: |

(a) means for compiling a group of
lightness measure color factor value ranges, and

(b) means for associating with each
lightness measure color factor value range a value of a
color factor for use in comparison with a measurement
of the value of that color factor in the coloration of
a test subject having a lightness measure color factor
value within said range.

15. An apparatus for detecting hyperbili-
rubinemia in a test subject based on skin coloration of
said test subject; said apparatus being characterized
by: '

(a) an instrument for measuring a value
of a first color factor which is substantially that of
color factor Hunter b and a value of a second color
factor which is substantially that of color factor
Hunter L in said skin coloration of said test subject;

(b) means for storing ranges of said
values of said first color factor in association with
ranges of values of said second color factor; and

(c) a computational device communicably
linked to said instrument; said computational device
having means for comparing the measured value of said

REPLACENﬂmﬂ‘SHEEf'rst color factor with a range of acceptable values of
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TABLE V CATEGCRY NAVE L a b

Mn max M n M n Max :

Bl ack _ WO"’ﬁ“l?o 14.00 -10.00- 3.00 -10.00 5.00 DaFREIBO6PRE

Brown 14.00 16—99-— 10. 00 1, 0848par kest Dark Brown 14.00 -

16.00 -10.00 15 Darkest Dark Brown 14.00 16.00
710.00  3.00 ﬂ | u st Dark Brown 14.00 16.00 -10.00
3.00 1.25 3.0 16.00  19.00 -10.00 3.00 -10.00

2.70 Darker Dark Brown 16. 00 19. 00 -10. 00 3.-00 2.70 2. 95 Darker
Dark Brown 16.00 $8i80£ird€. 66lor Editor 2hil are%nﬁrﬂfersdﬁahbt&mm

16.00 19.00 -10.0 2 . . Q0. s
16,00 -10 00 3 00 the3abifence’sP hypebil it iontk, k’%‘i.)%b?fé’f‘éoﬂg"”éqoo
3.00 -10.00 2.70 ecskinjgeleratisr Gonraspending kterthé partdcudario. 00
2.00 3.00° 3.20 #HeaBliredéyarvehos Nsalid@ebond color factor in said test

o8 2200 0 ogbite S Abkerelidl e foadledd warne St
first color factor lies inside or outside the range,
wherein the relationship between the ranges of said
first color factor in association with the ranges of
said second color factor is defined by said stored
range of acceptable values selected from ranges
substantially equivalent to the following:
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Br own 19.00 22.00 0. 00 6. 00 3. 20. 3.45 Brown
19. 00 22.00 0. 00 6. 00 3.20 3. 45 Brown 19. 00 22.00
0. 00 6. 00 3.45 10.00 rrownl' 90 J 22.00 3.50 6.00 3.45 10. 00

(Warm Auburn Tone 19. 00 22.00 3.50 6 =

3. 45 (Cool Auburnaﬂy%é‘gm. Medi um Br own 4gl. 22.00 27.00 1.’%%“”}’@‘."8%
| -10. 00 3. 75 NVEdi UM Brown 22.00 27. 30 11.00 -34
Gol den Med. Bro en Med. Brown -22.00 27.00 1.00 6. 00
4.00 4.25 II"H"HTM Eﬂm 22.00 27.00 3.50 6.00 4.25 10.00
War m Auburn Tonres wmsBr @ 22.00 27.00 3.50 6.00 -10.00

4. 25 (Cool Auburn Tones) Dar kest Med. Blonde 27.00 28.00 1.80 6. 00.
-5.00 6. 00 Dar kest Med Bl onde 27.00 28.00 1.80 5 00 6. 00 6. 50

Dar kest Med. Bl onde__. 3 00 5,00 Darkest Med.
Bl onde * 27.00 28. umi 0P ¥&d] Urandemnds| Hunt D0
31.00 1.80 6.00 =y "UU ”. 00 nde 33. | 3 391 005 . 0
5.00 _6.00 6. 50wt , . 50 . oo, . -0
6.50 Med. Gol den Bllords—adido— 33 loo—5 2 gd ;54’ 3¢ £ <33 1.0 6,
Negative val ues ar drwssdfi2lhis ¢ fnthdir 1o denot el
val ues |ess than zdrod- 1 <27 8 ] 36.136 to <39 8
5 <27 9 I ] 37.]136 to <39 9
6. <27 10 ’ [’38. 36 to <39 10
7. | <27 11 39.]36 to <39 11
8. | <27 12+ B | 40.]36 to <39 | 12
9. 127 to <30} -5 | Iﬁﬁl. 36 to <39 | 13
i 10. [27 vo <30 6 | 42.]36 to <39 14
I 11. ]27 to <30 7 i § 43.]36 to <39 15+
i 12. 127 to <30 8 [ 44.139 to <42 -5
f 13. 27 zo <30 9 45.]39 to <42 6
i 14. [27 co <30 10 1 46.]39 to <42 ?
{ 15. }27 to <30 11 | [ 47.139 to <42 8
16. 127 to <30 12+ 48.]139 to <42 9
ﬂ 17. |30 to <33 -5 . B 49.]139 ro <42 10
18. |30 to <33 6 ‘ Ei§o. 39 to <42 11
B 19. 30 to <33 7 S1.}39 to <42 12
20. |30 to <33 ) I J] 52.139 to <s2 13
21, 130 to <33 9 § | 53.039 to <a2 | 1a
} 22. 130 to <33 10 i § S54.139 to <42 | 15+
| 23, |30 to <33 11 ! § 55.]42 to «<4S -5
| 24, |30 to <33 | 12+ | [ 56.[43co<as | &
I 25. |33 to <36 -3 g 57.142 to <45 7
f 26. |33 to <36 6 | isa. 42 to <4S 8 h
i 27. |33 to <36 7 i 59.]42 to <45 9
! 28. ]33 ro <36 8 a 60.]42 to <4S 10 i
| 29. |33 to <36 9 ! 61.]42 to <45 | 11 !
i 30. }33 to <361 10 2 62.142 to <45 | 12 ‘_I
P31 133 o <36 11 i to
| 32. |33 to <36 ]| 12+ | to
 [REPLACEMENT SHEET
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WD 96/ 41140 PCT/ 1 B96/ 00732

- 30- CATEGORY NAME L a b

M n Max M n Max M n Max Li ght est Med. 31.00 33.00
1.80 6.00 -5.00 6.00 Blonde Lightest Med. 31.00 33.00 .80
5. 00 6.00 6.%O%Mhde Lightest Med. 31.00 33.00 FCTHE060053,
6.00 6.50 Bronde —Ltightest—Med ' 31.98 _33.00 1.80 6.00 6. 50
15.00 Blonde |y '333.00 36.09° 1.80 6.00 -5.00 7.00
Li ght Bl onde DI@!}IH&L“EMHW . 1.80 5.00 7.00 7.50 Light Bl onde
33.00 36.00 »00c 5. 00 s 4700 7.50

65. |42 CO <45 b
56. 142 =0 <45 16
8§7. |42 TO <45 17
68. (42 to <45 18~

9. |45 to <48 -5
| 70. |45 to <48 6
71. |45 tO <48 7

72. }45 to <48 8
f753J 45 tO <48 9
74. |45 to <48 10
75. {45 tO <48 11
76. 145 to <49 12
77. |45 to <48 13

’73. 45 to <48 14

|
|
:
|
|
|
|
|
!
|
|

79. |45 to <48} 15
80. |45 to <48 16
81. 45 to <a48] 17
82. |45 to <48] 18+
i 83. [43 to <51 -5
84. |48 ro <51 6
85. |48 to <51 7
86. |48 to <51 8
87. |48 to <51 9
Haa. 48 vo <81} 10

124. |54 to <57 - 14
125. |54 to <57] 18
126. |54 to <57] 16
127. |54 to <57| 17 -
128. |54 to <57) 18
E1zs. 54 to <57 19
130. |54 to <57 20«
1131. |57 ro <60 -5
1132. 157 to <60 6
[133. 57 to <60 7
134. |57 to <60 8
f135. |57 to <60 9

89. |48 to <51 11
90. |48 to <51} 12
91. |48 toO <51 13
92. 148 to <51 14
93. [48 tOo <51 15
94. {48 toO <851 16
95. |48 to <51 17
9€. 1489 to <51 18
97. |48 to <51 19
98. |48 to <51 20+
99. |51 to <54 -5
100. {51 to <54 6
1201. {51 to <54

121. |54 to <57 11
122. |54 to <57 12
123. |54 to <57 13

RERLACHIENT ST | s |
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Li ght Bl onde 33.00 36.00 1.80 6. 00 7.50 20.00 Lighter

Bl onde 36.00 40.00 1.80 6.00 -5.00 8.00 Lighter Bl onde
36.00 40.00 1.80 5.00 800 8.50 Lighter Bl onde 36.00 40.00
5.80 6.00 8.00 8.50 Lighter Bl onde 36.00 40.00 %Cg@mmgﬁego
8.50 20.00 Lighvese4iBoonde 40.00 80.00 1.80 7.00 -5 .

Li ght est Bl onde 40-00—80.-060 1. 80 5.06061- 9.00 10.00 Lightest

Bl onde 40.0 7.00 9.00" 10.00 Lightest Blonde _
40.00 80.00 iﬂ!@ﬂ "ﬂ !ﬂﬂllmwoo 30.00 Light Red 22.00 - 28.00
6.00 30.00 ht Red : 22.00 28.00 6.00 30.00
3.50 3.75 Light Red 22,00 28.00  6.00 30.00 375 4.00
Li ght Red 3 DO

1000 22.00 6.00 liiee - ] el W 2 :

6.00 30.00 3.50 I13?-7=57m$e <ﬁﬁ|deésppd 7 <66 1007

3.75 4.00 MNed. dididden |B@dto <689 004 22.0b [B7B0 |50. 86 <664, 003 30. 0
Dark Red [ 1R2.00 571800Qs0 [3. 8 30. 90 [177.00s3 2oblss Par ksRed

14.00 °19.00 3. 0'1430 U&7 colcgb

3.00 30.00 2.75 77 rg—ggr-k—ge., Re

3.00 30.00 Red BI e 1
144 .0

Red Bl onde 57853“556
145, 87 to <60

146. |57 to <60
147. |60 to <63
"143. 60 to <63

149. |60 TO <63
ﬂzso. 60 to <63

151. |60 to <63
W1sz. 60 to <63

153. |60 to <63
154, {60 to <63
155. |60 to <63
156. |60 to <63
157. }60 to <63
158. |60 to <63
159. |60 to <63

k8. 163 co <6617 29- 19100
. #55. e o
D0 180 .01 66,80HmE9

6
ff181. |66 to <69 7
H182. |66 co <69 8

183. {66 to <69 9
184. |66 to <69] 10
185. {66 o <69) 11
186. |66 to <69 12
187. |66 to <69 | 13
188. 66 to <69 | 14

|
'!
|
:
|

190. |66 to <69| 16
191. J66 vo <69} 17
192. |66 to <69 18
193. |66 to <69] 19
194. |66 to <69 20+
[%95. 269 -5

}
J
[
|
%
!
|
1

1
l
!
|
|
!
\

160. |60 to <63 196. 269 [
161. |60 to <63 f197. 269 : 7
162. |60 to <63 ixss. 269 8
163. |63 to <66 199. 269 9
164. |63 to <66 6 f 200. 269 10
165. )63 to <66 "7 j201. 269 11
f166. |63 to <66 8 §202. 269 12
Ixsv. €3 to <66 9 I 203. 269 13
168. |63 to <66 10 f204. a69 14
fli6s. |63 to <66 ] 11 i 20s. 269 15 )
"f170. |63 to <66 ] 12 f206. 269 16 8
171. |63 to <66 13 - §207. 269 17 n
’ 172, [63 to <66 14 f208. 69 13
1173. |63 to <66 15 209. a69 19
<66 | 210. 269 20+

Whorlin the designation -5 means less than 5 but more than 4
and the duignation +12 means more than 12 but less than 13.
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- 32- Cl ai nms

1. An apparatus for detecting a condition in a test subject, which
condition includes a synptonmatic, detectable change in the test- subject’s
coloration, 'the apparatus being of the kind including nmeans for neasuring
the val ue of at W@3#1M9ne color factor in the coloration of thé& ,

t he apparatus being characterized by: -52- (a) nmeans -
for neasuring, at ' Im“I time, a value of at |east one col or
factor in the tesmllmﬂmu“ﬁ“ ation, said color factor being dependent,
at least in part, on felfatie Scofitent of one or nore colors in said

col orati on; _ (b) nmeans f.or neasuring, at |east. at
one further point in time, ape3l ughafapparhtils acestatng €olelaima,or in the

test subject's col oration; nse f.Qr
conparing the val uémiﬁh ameiFgﬁgtmﬁms c‘ﬂroPtpgéﬁérrﬂ%ﬁ%r%% \&luseg d .
first and said furtdiera Jdightpess neasure celor fagtoy,veaid Lightnesse in

igingag_t n' egﬁt one GRlfduredtoibr 2BEtor being substantially tHéb of dBdes for
I ng

e val ue_of. chan In_said at | gast on olor factor wth a
preest abl i shed neast#eFa% Hé,‘g?‘&’af‘ ?Ba%?s %%F?‘F&cfﬁPg%I & 1Ea19%
evi denci ng sai d contidtioon substantially that?.of tedozpfacton sHuntey & ,ndheo

claim 1, wherein ! heddsonstibbbtiefthd Hiintilds! i8aferé dd Ik Ifactor

hyper bi | i rubi nem a; further characterized by said ans for asyri,n at

| east at one furthefaiig fanges; p ,aﬁﬁ%fﬁi%é’%gggaﬁg?reﬁﬁfﬁ &ﬁiﬁ’& a

‘basel i ne measur enerdubgtiantdiad liynequivaYemte asitheg faltawingof said at | east

one color factor in the infag%.g&%oration at a firghapP-d in tine

followi ng birth when jaundic i ng from hyper bi mais

general |y not present iR4fo®n28e) BRd4%ai d nmeans f8rt@okParing conprising

means for conparing the val uasotoessiad col or factor basebi ® neasurenent at

said first point intime wthgt | ue nmeasured at ga.hg 4grther point in
Gct nge

time to determ ne whet her thére haS been exhibited a therein of a
predet ermi ned magni t ude §bta 3t (PEr BPER) ar i nf ant . o 30.

17. 1In an.abparatus for determining a color
characteristic, the improvement being characterized by:
(a) means for compiling a group of
1ightness measure color factor value ranges, said
ranges being at least one range of a color factor which
is suhstanﬁially equivalent to that of color factor
Hunter L, as follows:
Hunter L = < 27, 27 to 30, 30 to < 33,
33 to < 36, 36 to < 39, 39 to < 42, 42
to < 45, 45 to < 48, 48 to < 51, 51 to
< 54, 54 to < 57, 57 to < 60, 60 to
< 63, 63 to < 66, 66 to < 69, and
2 to 69; and -
~ (b) means for associating with each
lightness measure color factor value range a value of a
color factor for use in comparison with a measurement
of the value of that color factor in the coloration of
a test subject having a lightness measure color factor

" value within said range.
-_—
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3. The apparatus accordi ng—te—ei+he¥—el—a4—m+or 2, further characterized

by said neans for conpari ng |d at | east one color factor
conpri sing nmeans for corrpar lti change in said at |east one

col or factor W thyan b ﬁg@ta f ‘color factor PCT/IBS6/00732
-33- value change evidencing sal d cond| tion agg_ that is correlatable to a
measure of said condition that has clinical ufrity. 4. The’

apparatus according to either claiml1l or 2, further characterized by said
means for conparing the values of said at |east one color factor conprising
means for arriving at a value of change in said at |east one color factor
that is correlatable, in subjects having col orations of substantially

varyi ng degrees of |ightness, 18.a Aeapparatussfpd evaliating shiestas

establ i shed clinical dﬁUijEYbased on the colorationT6f SRR sab5akt],ng
to eithér claim1l1 or further %ﬁafterlze

neans for establishi ﬁg"ié BPBF‘&?T“P?/ %I%cgéréf‘ﬁgs& an, ipstryment for
predet e[ ni ned magni t measariagchavajze of/ @ FHret esaldr afadteastinosaidokest

factor is indicative @aC S e
i ndi cative of the cor?g& ?%lrl\: ??Péfé ?ro% or?g F%r%ﬂ%ﬁqci ass {bcg)(igl Qt her;

erin
and depend en on ‘the Jighfness pE rtBGn‘B%ﬂ' onAFiOR: OfaFRdES of
said at | east one colestf sabjectpramd saigl neetrument churtiiem dpeling adbptedof

said at |east one coly nbag h%ﬁ gegafﬂﬁ%@ ts?t'egsi:' 8&&&3&%@? ¢ lei't ?SE:tor

points in time to determne K een ex 3 ocha
therein of the predef® SAi8JtRElFURIRCEH\S soloragicn; @%&Wﬁrf SPlPﬁe
particular colorati oﬁaeltarsheingadcbérmﬁntswu ¢he. relative content of

opponent colors in the coloration of said test subject;
and a computational device communicably linked to said

" instrument; at least one of said color factors measured
by said instrument correlating to a predetermined
measure of coloration having established laboratory
utility.

- 19. The apparatus according to claim 18,
wherein said computational device comprises means for
comparing the measured values of said first and said
further color factors with a stored range of values of
said color factors that are found in the colorations of
test subjects other than said test subject, to
determine where within said range the measured wvalues
of said color factors lie.

20. In an apparatus for evaluating the
coloration of a test subject, the improvement being
characterized by:

‘(a) means for compiling a group of

* lightness measure color factor value ranges, said
lightness measure color factor being substantially that
. of color factor Hunter L; and '

: (b) means for associating with each
REPL ACEMENT SHEET lightness measure color factor value range a value of
- at least one further color factor, for use in
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6. Apparatus for det ectl in a test subject, which
condition includes a synptor mg gm‘m l'j he appar atus being of the
ki nd that includes nmeans for ue of at |east one color

factor. in the coloration of the subj ect; t he appar atus being characterized

by: WO9MIMD  (5) neans for ring a value in
subject's coloration of at |east one col or fac or, .said color factor being.
dependent on said col oration; and (b) means for

conparing the neasured val ue of said at Ieast one color factor with a
predet erm ned range of values of said at |east one color factor to
det erm ne whet her said neasured value of said at l.east one col or factor

evi dences sai d condi &bﬂﬁati's&ﬁ'tﬂlﬁlﬁ%l m&&bheéﬁent of the value of7that The
apparatus according to,cl ata fur ? gd ra;re ﬁe
measuring the val ue GP1%; tRGHSYT ARy |"til‘ﬁn ':B l?%c? %%FEP opd Bﬁguﬁ%r
measuring a val ue i nashightness mdgsare solorofacton vwHluet incsaidonange) or

factor, said at |easg afdCat oiessé aﬁeoeub%ag color factor being
- 34- dependent on sai d lg]t; on a correl atab e,

subj ects, having col BPB?T’%E Pg? 9L SPIRF QESHBPEPtht?@gS

or dar kness to a neeelior Packar (Hum:ed'l 'al,oanﬂh‘bhe rmla:ﬁilonshap betﬁee;t the -

8. The appar at us a§§ ﬂgst tﬁ'eﬂb@io%ufaéf b CR ek ha t hat :
deta

sai d neans for neasurl al ue of sal east one coO ctor

conpri ses neans for REEQE 'F@dac‘E'fﬂrOIfaP&EFo?’a%"AF’ﬁeb%ﬂ%ﬁwtwﬁiﬁﬁwi ally
that of col or factorefuiveleht ito thed fodlowahgon of said test subject; and
said neans for conparing the nmeasured value of said at |east one

Sheet Has Been RTlaced
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col or factor conprises neans val ue of said atl east one
color factor with a range of: EML ﬂ;ﬁ of said at |east one col or
factor that are indicative of absence of said condition in
a subject to determne if the rreasured val ue of sai d at Ieast on

factor lies inside¥Or8si de said range. : The%ﬁé{’m
according to any one of claims 1 to 6, wherei m58ai d neans for nmeasuri ng
the val ue of said at | east one color factor conprises neans for measuring
the value of a color factor that is dependent on relative content of
opponent colors in said-coloration and on lightness of said coloratien.

10. The apparatus according to any one of clains.1 to 6, or 9, wherein .
said neans for

conpri ses neans flor FRAREPRHIAME: v L

first function wdlighted in a firs rMimon | ofMadhe | s gt r dmMax s ) Max

function wei ghte pllecr Second portign @laod Ny SRACYILYH 0T 2, oF! T80 1L CE 180
that is a functi ; - 1%

val ue Of sai d col Arkests Rk Brown 14.00 16.00 TLM)Jb.ar%*qu =10. ngl.OO
to any one of cl #Dagkdst Paxnk Bgownh [ $6.QP4nd0 {00 | nph O Ingl 4GPt 2.15
val ue of said at {jbagkéstmazkoBrowvh adt bs. @D IPLé 0B [REAN0 for3omuri g §hei.2s

val ue of a col or [fipackesr (Daxk BroweP¢NLELI60 PMé VL ye. owht enfod] OPEEENTI . 00

colors in said c .
any one of clai miDBZEEE azk Brovn .00 .00 1-10.0 .70

establ i shing a pl at il k690,838,090 i1, 2.70 t 2.95
preest abl i shed arkexidDaxk B e ijlnl& 00 Al 1000 ¢as3.Ahé cISH | 3.20
factor is indicafjosekes DuxikdBroend i D6.00 | 15.00 |-10.00 3.00 3.20 | 10.00
Darker Dark Brown 16.00 19.00 2.00 3.00 }-10.00 2.70
{Cool Auburn Tones)

Darker Dark Brown 16.00 19.00 2.00 3.00 3.20 16.00
{Warm Aubuzn Tones)

Brown 19.00 | 22.00 0.00} 6.00 |-10.00 2.95
Brown 19.00 | 22.00 0.00| €.00] 2.95 3.20
Brown 19.00 | 22.00 0.00] e€.00} 3.20 3.45
IBrown 19.00 | 22.00 o.00}| 6.00] 3.45 | 10.00
Brown 19.00 | 22.00 3.50) 6.00 3.45 | 10.00
{Warm Auburn Tones) :

Brown 19.00 | 22.00 3.50] 6.00 |-20.00 3.45
{Cool Auburn 'ronel)

Medium Brown '} 22.00 | 27.00 1.00| 6.00 }J-10.00 3.7%
Medium Brown 22.00 | 27.00 1.00 6.00 3.75 4.00

Golden Med. Brown 22.00 | 27.00 1.00 §.00 4.00 4.25
Golden Med. Brown 22.00°{ 27.00 1.00 £.00 4.25 § 10.00

Medium Brown ' 22,00 | 27.00 3.50 §.00 4.25 | 10.00
(Warm Aubuzn Tones)

Medium Brown 22.00 | 27.00 3.50 6.00 }-10.00 4.25
{Coel Auburn Tones) .

Darkest Med. Blonde | 27.00 § 28.00 1.80 6.00] -5.00 |- 6.00

ﬂm:kell: Med. Blonde | 27.00 | 28.00 1.80 5.00 6.00 §.50

'Ilbarkest Med. Blonde | 27.00 § 28.00 §.00 €.00 6.00 6.50

' Darkest Med. Blonde | 27.00 { 28.00 1.80 6.00 §.50 15.00
Medium Blonde 28.00 | 31.00 1.80] 6.001.-5.00 6.00

Medium Blonde 28.00 | 31.00 { - 1.80 5.00 6.00 6§.50

Med. Golden Blonde | 28.00 | 31.00 5.00 6.00 6.00 €.80

Med. Golden Blonde 28.00 1 31.00 1.80 6.00 6.80 15.00
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to 3, 6, 9 or
| east one col or
factor that is de

o 0 et

7-1---.7

13.

10 wherein said neans for
nprises means for

col orati on.
clains 1, 2,
at | east one
col or factor
col orati on.

M

sai d neans for
ses nmeans for
n relative content of
The apparatus according to any one of

on relative content of blue and yellow i
—44——TFhe appar at usSfccording to any. one of .
nmeasuri ng- the val ue of said
measuring the value of a
red and green in said

The apparatus according to any one of clains 1
measuring the value of said at
measuring the val ue of

% color

clains 1, 2, 6, 9 or 10, wherein said neans for neasuring the val ue of sai d
at | east one col r url b
color factor thatfis dependent on yg 1 ax
subj ect .
1to 6, 9 or 10, estsMedl neans |f 3R-0@4saB MY |t hd-#Rjuc6000 Jai~5 . 08 6.00
| east one color f €-onprises nedns . faordneasurilng t hedvalue df a collor
factor which is ewt Med. t hat ¢f 3zod@] Baco®mr] Huneer. bs.oo 6§.00 6.50
17. The appar at | 1o ant one off claimd 1 to 4.9 or 110, mhérein
sai d neans for cege tNed.val ue (fzxabai as3lemgt BnNQOI.srodﬁctel:oo 6.50
conpri ses neans fi@londesurinag the value of 1a colof factond that | enden
on redness of tr1 1ighteat iNsd.of the|t3sto®ybpaceo 1.80 6.00 6.50 | 15.00
Blonde ' :
Light Blonde 33.00] 36.00}. 1.80) 6.00} -5.00} <7.00
Light Blonde 33.00 | 36.00 1.80 5§.00 7.00 7.50
Light Blonde 33.00 ) 36.00 5.00 6.00 1.00 7.50
Light Blonde 33.00} 36.00 1.80 6.00 7.50 ) 20.00
Lighter Blonde 36.00 | 40.00 1.80 6.00 «5.00 8.00
Lighter Blonde 36.00 )} 40.00 1.80 5.00 8.00 8.50
Lighter Blonde 36.00 | 40.00 5.00 6§.00 8.00 8.50
Lighter Blonde 36.00 | 40.00 1.80 6.00 8.50 ] 20.00
Lightest Blonde 40.00 | so.00 | 1.80) 7.00} -5.00| s5.00
Lightest Blonde 40.00 80.00 1.80 5.00 9.00 10.00
Lightest Blonde 40.00 | €0.00 $.00 7.00 9.00 ] 10.00
Lightest Blonde 40.00 80.00 1.80 7.00 10.00 30.00
Light Red 22.00 | 28.00 | 6.00| 30.00| -5.00] 3.50
Light Red 22.00 | 28.00 6.00} 30.00 3.50 3.78
Light Red 22.90 ] 28.00 6.001 30.00 3.78 4.00
Light Red 22.00 ] 28.00 6.00 | 30.00 4.00 | 30.00
Medium Red 19.00 | 22.00 6.00 30.00 3.50 3.75
Med. Golden Red 19.00 | 22.00 6.00 | 30.00 3.75 4.00
Med. Golden Red 19.00 22.00 6§.00 30.00 4.00 30.00
Dark Red 14.00 | 19.00 3.00} 30.00 2.50 2.75
Dark Red 14.00 | 19.00 3.00| 30.00 2.75 3.00
Dark Red 14.00 | 19.00 3.001 30.00 3.00§) 30.00
Red Blonde 27.00 | 40.00 6.00 ] 30.00 |- 6.00} 30.00
Red Blonde 40.00{ 80.00 7.00{ 30.00 6.00§{ 30.00
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18.
said neans for

first function

wej aht [N
function wei ght ed%&ﬁégﬁco

bei ng further

reasuri ng < ne SIMTUEAE

measuring a val ue

i ther

cl ai

m1 or

The apparatus according to any one of clainms 1 to 7, 9 or
nmeasuring the value of said at
conpri ses neans for

10, wher

| east one col or factor
nmeasuring the value of a color factor conprising a
a first portion of the spectrum and
nd portion of the spectrum the color
i ss of the cogmration of the test subject
6, wherein said neans for
east one col or fact.or conprises neans for
ITst €0l or factor which is substantially that of

actor

color factor Hunter b, and the apparatus further - conprises neans for

measuring a valu
col or factor Hun

or GATSRRRY.NAKE

ein

732

second ‘col or fac : Max
and nmeans for copsiliei/DE bBecwslMexct) 27.00 | 50.000hAid. 0o oalyoif-1bheo |. 3.7s
measur ed val ue ofBsawry/Brewnnd col or} factorflies wthin gn acceptable rjange.
- 36- w/ 100 - S0Y% [ ' clai 1
to 6, 9 or 10,. &y DRAaBgow A fpr27Treasprsongot paowabue afesa dsarsl past.qo
one col or fact orjjromm/Brewmneans f nmeasuy i ng a gol or flctor | ue whj ch
i s substantial |l yjwhato%i- 88k Brey-cibr Hunter a 21 he
appar at us accor djf BlaciyDknBrowwe/Med c| 77001 (59.60 P-10r.000) Wh@Pe) n4sQPd] 4.25
means for neasur wi{@TeMRue of saj d at |past ong col or} factor{ conpriges
means for neasur 208 e e
function wei ght gfBlae Brovm/iMedo | 331081 | 13908kt %0 pind - 89%skcdndS | 10.00
function wei ght slut=f-/¢ i of the spectfum 2p.
The apparatus a : — ' '
' Black/Dk Brown/Med | 23.00 | 27.00 {-10.00 1.00 }-10.00 3.75
Brown/Brown : .
w/ 40% - 60% Grey
Black/Dk Brown/Med | 23.00 | 27.00 }-10.00) 11.00 3.7% 4.00
Brown/Brown
w/ 40% - 60% Grey
Black/Dk Brown/Med 23.00 | 27.00 {-10.00 1.00 4.00 4.25
Brown/Brown
w/ 40% - 60% Grey
Black/Dk Brown/Med 23.00 1 27.00 1-10.00 1.00 4.25 } 10.00
Brown/Brown :
w/ 40% - 60% G
Hair
Light Brown/Darxrkest Blonde
40% - 60% Grey 4,00 | 10.00 {-10.00 ¢ -0.08
70% - 90% G 10.00 | 99.99 {-10.00 4§ ~0.08
Dark Red, Medium Red or Medium Light Red '
40% - 60% G 6.00 | 10.00 {~-10.00 ) ~0.80
70* - 90‘ 1Q.°° ,9099 -10.00 '0-80
Light Red o Red Blonde
40% - 60% Grey " 5.00 7.00 |{-10.00{ -0.80
70% - 308 G 7.00 ] 99.99 |-10.004 -0.80
Medium to Medium Dark Blende
40% - 60% Grey 1.70 4.00 0.00 0.00
70% - 50% G 4.00 | 99.99 0.00 0.00
) Light Blonde Hair :
408 - 60% Grey -59.99 { -0.28 § -1.75§ -1.25
70% - 90% Gr -99.99 | -0.25 |-99.99}§ ~1.78
¢ e W ative values denote values less than zero.
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condition that includes a synptomatic, detestable change in a test
subject's coloration; said apparatus being further characterized by neans
for establishing a basel i ne measurement for said test subj ect by measuring

a value of said aﬁvdﬁﬁ pONE color factor in the test subject’'s. f&’%?’w
when the synptaomatlic ange in colgration resulting from
nmedi cal condition is ﬁeneralnéunot pr esent |n5§"t est subject, and said :

means for conpar“lﬂl I‘m &Il ans for conparing the value of said at
| east one col or asur enment and sai d value of said at |east

one col or factor at. sald further point intine to determ ne whether there
has been exhi bited a change therein of a predeterm ned magnitude for that
particul ar test subject. 21. The apparatuscaceording $oaap¥raneef o

claim6 further charaghghized ?y 4eas 5f, 0§, €51 a@ld,ﬁhigw,g ﬁe&ggaesgidcol or
factor val ues characferjstic a){ects wi t hout _said.condition and neans

for conparing with shPECFumeRt 0$°’€/ qasuring 18| adapted £ measpre e,
col or factor determ valluéyos aa ccolan factorrthatir imglependent on relative

The apparatus accor d&Qﬂt&ﬂta&’ %ﬂgﬂtC'c%i@ﬁégﬁ??ﬁ S¥1oratibyr t her

characterized by: neasuring a Ilghtness
factor at said first and further points in tinme; and.

means for conpensati ng any chami)e iwhe/alpparatusaécbafdimﬁo ang onéoof
factor for signifi ca jnegs NSy t::éil n

appar at us accor di ng nfl 'fu'rt ng]:J Snalae e'H‘zse yins?al rreansg?or
conmparing the val ue maemm is adapted tocmeasuye the Jaluec o aceddsrsi ng

means for conparing ghetsR! tKaefif idjhdentsehdl fghties cFeheotoloration

h I h h
\_I\Il3t7_ stored color c apog i& Blat subject.

23. The apparatus according to any one of
claims 1, 2, 3, 4, 5, 6, 8, 13, 15 or 18, wherein said
instrument for measuring is adapted to measure the
value of said color factor at different locations on .
said test subject. :

24. The apparatus according to claim 21,
wherein said instrument for measuring is adapted for
measuring a value of a color factor that is dependent
on lightness of the coloration of the test subject and
that modifies the relative content of the opponent
colors in said coloration.

25. The apparatus according to any one of
claims 1, 2, 3, 4, 5, 8, 13, 15 or 18, further
comprising means for establishing a plurality of
coloration classes in each of which a preestablished
magnitude of change in value of said color factor is
indicative of said condition.

26. The apparatus according to any one of
claims 1, 2, 3, 4, 5, 6, 7, 8 or 18, wherein said
instrument for measuring is adapted to measure the
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conprise a plurality of coloration classes that are colorations within
varyi ng ranges of |ightness. 26. The apparat us accordi ng
to claim6, further characterized by said nmeans for conparing the neasured
val ue of said at é e color factor conprising neans for corga‘r' e
measur ed val ue of‘b§§?’ "g‘{] | east one color factor with a range of vgrﬁ%g}%f
said at |east one : racteristitd¥f subjects wthout said

condi tion. ' he apparatus aeccording to any one of clains
1to5 9 or 10”"’”",”4"’%@,5mer| zed in that: _
said nmeans for neasuring st ue of said at |east one col or factor
conprises neans for measuring a color factor value which is substantially

that of color factorvdiug @Ebai eolerdfacter ahiat ief dependéntstors Wy kativeand

said nmeans for corrpagé' gfvghug Q;l?ﬁg ii’}: %fbl a8b1bficiopne col or

factor sconprises neans ftor conparing val ue w a range of val ues of
said color factor change that are indicative of the presence or absence of

said condition in a subject t@7detgha appafatuic ascording velawy @ne afl

col or factor change |4 | Rsi de Qr Qutgli I ¢, rangg. : 28.
An apparatus for det‘_Lejiﬁ%ﬁnnég 4 gdngft?bngbgg'asf'e%t °%ugjgéc¥lye$\?1jf%hsaclc9ndition
i ncl udes a synpt onatinstiymend: £prcmeasvying oif adaptegphe MeRsSHRS et t he

k} nflht hat b! ’nclt udteﬁ PRI i0EY al tbe%u_irl ﬂﬂcﬁératlﬁli ds g&géﬁdehﬂ é ereltaival | on
0 e subject; the inmmrove ei ng_char ac{ er -
means for conpiling %o%ﬁp%?gFﬁﬁﬂt ﬂﬁésr?fz P@Zi of ¥°F3H’%’?' val ue ranges;

and : nmeans for associating with each |ightness
neasure color factor value ragge aghkeagparditus Wcedrding £o'dMe oned|dr

factor for use in conparisqQn with at | east one neasygenepnt_of th further

color factor val ue i‘?f?’ﬁ'és 3UI glr'arb’i'o%'og'a&t ei"t & 95 gét’ Wﬁ%ﬁ asﬁa#‘bht ness

nmeasur e col or fapt orins#mn}an'tt for weasuringeis adapted to measwge thqhe

appar at us accor di ng y@td fMa2@o1bbc eaLLEE Hnit B aep&aaehﬁemdqgmémssf
o)

hyperbilirubinema in_a test subject baged ski_n col.oration sai d test
subj ect; the appar at®% i?efi&%#ﬁ%‘épncﬂgrﬁﬁf reaky sb‘&ie"g‘
said neans for neasuring a value of each of the |ightness neasure and
further color factors in the slgin eRkOsgpALALG ddeRriiShl €4LARF ok B¥ i SiNg
means for . .
claims 1, 2, 3, 4, 5, 6, 7, 8 or 18, wherein said
instrument for measuring is adapted to measure the
value of a color factor which is substantially that of
color factor Hunter b.

30. The apparatus according to any one of
claims 1, 2, 3, 4, 5, 6, 7, 8 or 18, wherein said
instrument for measuring is adapted to measure the
value of a color factor that is dependent on redness of
said coloration of said test subject.

31. The apparatus according to any one of
claims 1, 2, 4, 5, 6, 7, 8 or 18, wherein said
instrument for measuring is adapted to measure the
value of a color factor that comprises a first function
weighted in a first portion of the spectrum and a
- second function weighted in a second portion of the

spectrum; the color factor being further dependent on
ep— lightness of the coloration of the test subject.
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-38- neasuring a lightness neasure color factor val ue being substantially
that of color factor Hunter L and a further col or factor val ue being
substantially that of color factor Hunter b;

said neans for associating conprising neans for conparing the neasured
val ue of said f..rf‘HﬂPﬂﬂHf‘g factor with a rangﬁ?of accept abl e val

said further c ctor that are found in subjects having a skin -
col oration cokﬁhﬂgﬁmi! U particul ar nmeasured val ue of said Ilghtness
color factor ih% ct to determine if the neasured val ue of
said further color factor lies inside or outside the range; and

nmeans for storing a range of acceptabl e val ues selected from ranges
substantially as foll ows: 32. The apparatus according to any one of

claims 1, 2, 3, 4, 5, 6, 7, 8 or 18, wherein said
instrument for measuring is adapted to measure the
value of a first color factor which is substantially
that of color factor Hunter b, and the apparatus
further comprises means for measuring a value of a
second color factor which is substantially that of
color factor Hunter a; said computational device
comprising means for comparing the measured value of
said second color factor with a range of values of said
second color factor to determine whether the measured
value of said second color factor lies within an
acceptable range. ' '

33. The apparatus according to either
claim 14 or 17, wherein said instrument for measuring
is adapted to measure the value of a color factor which
is substantially that of color factor Hunter b and said
lightness measure color factor value ranges are ranges'
of values of a color factor which is substantially that
of color factor Hunter L, the apparatus further
comprising means for measuring a value of said color
factor which is'substantially that of color factor
Hunter I of the said subject’s coloration.

34. The apparatus according to claim 31,
wherein the coloration is skin coloration, the
condition is hyperbilirubinemia; and said apparatus is
further characterized by means for comparing the values
of said color factor measured with coloration classes
that include a first class of skin coloration having a
value of a color factor which is substantially that of
a color factor Hunter L value at or below substantially
51 and a second class of skin coloration having a value
of a color factor which is substantially that of a
calor factor Hunter L value above suhstantially 51 to
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determine whether said value is indicative of
hyperbilirubinemia.

35. The appai:'atus according to clainm 34,
wherein said coloration classes are substantially
egquivalent to the following:

e
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No. Hunter L Huncer b No. Hunter L Hunter b 1. <27

-5[err] 33. 36 to <39 -5 2. <27 6 34. 36
to <39 5 3. <27 T 35. 36 to <39 7 4. <27
8 36. 36 to <39 8 5. <27 . 9 37. 36 to
<39 9 6. <27”°95'4"4" 10 38. 36 to <39 10 7FPCT/IBYSMITI2
11 ' 36.to <39 ‘<27 -62- 12+ 40. 36 .

to <39 12 9 " 41. 36 to <39 13 10. 27

to <3Q 6 f’imljwll ﬁ!ﬁ"llﬂﬁluo '<39 14 11. 27 to <30 7
43. 36 to <39 44. 39 to <42 -5

13. 27 to <30 45. 39 to <42 . 6 14. 27 to <30 i0
46. 39 to <42 7 15 27 to <30 11 47. 39 to <42 ' 8 16
27 to <30 12+ T atm | Hnebaye P9I It v i
49. 39 to <42 1 Opiet

9o, [ HuhPer T | Huagar

30 to <33 7 121233. 136 {8 <33 - 33
52. 39 to <42 1323z Bocad <33 34,136 %9 <39 lto 42 |
14 22. 30 to <33 b <4235, |B%+ca3<3930 t 0 <33
11 . 95. 1 36.]136 to <39 g
37.]136 to <39 | 9
§ 38.036 to <39 | 10 .
39.]36 to <39 11 |

40. 136 to <39 12

i 41.]36 to <39 13-
1.42.136 zo <39 14
§ 43.]36 to <39 | 1S+
44.)39 to <42 -5
45.]39 to <42 6
46.]39 tO <42 7

l 47.139 to <42 8
43. )39 to <42 9
§ 49.]39 ro <42 10
Lsa. 39 o <42 | 11

S$1.(39 to <42 12
§ 52.]39 to <42 13

l 53.{39 co <42 14
S4.|39 to <42 15+
l §5.]42 to <45 -5
56.]42 to <45 6
§ 57.]42 to <45 7
l 58. )42 to <45 8
59.142 to <45 95
} 60.]42 to <45 10
§ 61.142 co <45 11

62.142 to <45 12

€3.142 to <45 13
42 tO <¢45 | -
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24. 30 to <33 12+ 56. 42 to <45 6 25. 33 to <36 -5
57. 42 to <45 7 26. 33 t.o <36 6 58. 42 to <45 -
27. 33 to <36 7 59. 42 to e45 9 28. 33 to <36 8
60. 42 to <45 Jv? 3114033 1O <36 9 61. 42 to <45 11
30. 33 to <36 by 62. 42 to <45 12 31. 33 toPCEABIGOTSZ
63. 42 to <45 13 32. 33 to <36 12+  ~b3- 64. 42 to <45 14 .
o < N O
e Loom s %
. 5§5. |42 to <45 15 102. |51 to <54 8
86, |42 TO <45 16 103 81 to <54 S
§7. 42 tO <45 17 104 §1 to <384 10
68. (42 rto <45 18« 105. |S1 co <S54 13
tF 69. {45 ro <48 -5 106. |51 to <54 12 .
70. |45 ro <48 6 107. |51 to <54 13
i 71. |45 ro <48 7 108. |51 to <S4 14
Il 72. {45 to <48 8 1103. |51 to <54 15
73. {45 to <48 9 f120. |51 co <54 16
74. 145 to <48| 10 #1211, |51 co <54 17
75. |45 to <48} 11 112. |51 to <54 18
76. |45 o <48] 12 113. |51 to <54 19
77. |45 to <48} 13 114. |51 to <54 20+
78. |45 ro <48 | 14 11S. |S4 to <57 -5
79. |45 to <48] 18 116. |54 to <57 6
80. |45 to <48| 16 117. |54 to <57 7
81. |45 to <48 17 f118. |54 co <57 8
82. |45 to <48 19+ 119. |54 to <57 9
B3. j48 to <S51] -5 ﬂxzo. 54 to <57 10
84. 148 to <51 6 121. |54 to <57} 11
85. 148 to <51 7 1122. }54 co <57 12
86. {48 to <51 8 u:.za. 54 to <57 13
87. 148 to <51 9 124. |54.to <57 14
88. |48 to «51] 10 1125. |54 co <57 15
89. |48 to <«51] 11 fli26. |54 to «57] 186
90. J48 to <S1| 12 §127. |54 vo <57 17
91. |48 to <51 13 f128. |54 to <57 18
92. |48-to <51 | 14 f129. |54 to <57 19
93. |48 to <51| 15 f130. }54 to «57 20+
94. 148 to <51 16 1131. |57 teo <80 -5 - ¥
95. |48 to <«51] 17 1132. |57 to «€0 6 |
96. |48 to <51| 18
97. |48 to <52 | 19
> to
to
to
to
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No. Hunter L Hunter b No. Hunter L Hunter b 139. 57 to <60
13 175. 63 to <56 7 1A40. 57 to <60 14
176. 63 co <661 18 141. 57 to <60 15 . 177. 63 cc <66
18 142. 57 to <60 16 178. 63 co <6' 19 143. 57 to
<60 17 wo9§lm4o 66 co <69 -5 i 144. 57 to <RET/ABGONF32
180. 66 co <03 +45—57-t o <60 1964~ 181. 66 cc <69
7 146 182 66 co <69 8 147. 60 to
<63 lmlmﬂﬂwmﬂgﬁmg <69 148. 60 to <63 6
184. 66 to <6 0to <63 7 185. 66 to <69
11 150. 60 to <63 186. 66 to <69 12 151. 60 to <63
9 187. to
66 to <69 14 580. bBGiuncer6d | Husiter b I - =
154. 60 to <63 - <69 e
13 101. |HBpetolopes-< = 60 5g| 63 5, <6
192 66 to <69 0. }S7to 5 176. 631qg1<66§g :zi 9
19 158. 60 to <6R14l. K57 to <60 Y 6 thiZho 163 %P <65 =% t
<63 17 1425 157w <60} 16 5 Hie0l27 ;@3433<es’1820.
196. <69 163. 147 cham| <687 1 179. |66 cadXE9 ] <@
7 162. 60 to <63§14420['57 co <60 | 18 <B9 1180. |66 ko <69 § ‘
f145. ]S57 to <60 19 " 181, }66 to <69 ? F
l146. 157 co <60 20+ l182. |66 to <69 8
147. |60 to <63} -5 183. |66 to <69 9
l148. {60 to <63 6 184. |66 to <69} 10
f149. |60 to <63 7 185. |66 o <69 ] 11
150. |60 to <63 8 186. |66 to <65] 12
1151. |60 co <63 9 187. 166 to <69 13
f152. |60 to <63 10 f18a. |66 to <69] 14
153, |60 to <63 11 Ezas. 66 to <69 | 15
154. |60 to <63] 12 190. |66 to <69] 16
155. |60 to <63] 13 §191. 166 to <69 17
156. |60 to <631 14 192. |66 to <69 18
157. |60 to <63} 15 [193. 66 to <69| 19
158. |60 to <63} 16 194. |66 to <69 20«
f159. {60 to <63 17 f19s. aé9 -5
u1so. 60 to <63 18 196. 269 6
161. |60 to <63 19 §197. 269 7
f162. |60 to <63 | 20+ !193. 269 8
163. |63 to <66] -S 199. 269 9
164. |63 to <66 6 f200. a69 10
165. |63 to <66 7 f201. 269 11
166. }63 to <66 8 202. | a69 12
167. |63 to <66 9 203. 269 13
[168. |63 to <66 10
. 1169. {63 to <66 11
f170. |63 to <66} . 12
171. |63 to <66] 13
172, |63 to <66] 14
173. |63 to <«66] 1S
174. |63 to «66| 16

Whoroin the designation -5 means less than S but more than 4
and the duignation +12 mm more than 12 but less than 13.
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163. 63 to <66 -5 199. <69 9 164. 63 to <66

6 200. <69 10 165. 63 to <66 7 201
<69 11 166. 63 to <66 8 202. <69 C12
167. 63 to <66 9 203. <69 13 168. 63 to <66

10 204 WO 9648130 14 169. 63 to <66 ~ 11 PCTB96/9QT32
<69 —15 17063 t0 <66 12° -65- 206. <69 16 .
171. 63 to - 207. <69 17 172. 63 to <66

14 Tﬂlllllllilﬂllllllllllllllll 18 173 63 (o <66 15 209.
<69 - . 210. <69 20+

Wherein the deS|gnat|on -5 neans Iess than 5 but nore than 4 and the
designation +12 neans nore thay, 1anahphatatiddbcbiding to any one of
. claims 1, 2, 3, 4, 5, 6, 8 or 18, wherein said
measuring instrument is adapted to measure a color
factor which is substantially that of color factor

Hunter a.

37. The apparatus according to any one of
claims 12, 3, 4, 5, 6, 8, 13, 15 or 18, wherein said
measuring instrument is adapted to measure a color
factor which is substantially that of color factor
Hunter b. '

38. The apparatus according to claim 3,
wherein the value of the color factor comprises a
factor that is a first function weighted in a yellower
portion of the spectrum and a second function weighted
in a bluer portion of the spectrum.

39. The apparatus according to claim 6 or
25, wherein said plurality of coloration classes are
colorations within varying ranges of lightness.

40. The apparatus according to any one of
claims 6, 7 or 25, wherein said coloration classes are
based on ranges of color factor values which are
substantially that of color factor Hunter L values;
said ranges of color factor values being substantially
equivalent to those bounded by at least one of the
values substantially as follows:

Hunter L, = 27, 30, 33, 36, 39, 42, 45,

48, 51, 54, 57, 60, 63, 66 and 69.

41. The apparatus according to any one of
claims 1, 2, 3, 4, 5, 6, 8, 13, 15 or 18, wherein said
instrument is adapted to make a set of multiple-
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-42- 30. In an apparatus for determ ning a col or
characteristic; the inprovenent being characterized by:
(a) means for conpiling a group of |ightness nmeasure color factor val ue

ranges; and (b) means for associating V“tﬁﬁnﬁ &{¢P3
|i ghtness measure WO ¥%ctor val ue range at |gast one val ue of
color factor f M with at | east one neasurenent of that

further color f coloration of a test subject having a
| i ght ness rreasur mm@“ﬁm‘ﬂ Hml ue within said range. 31.
The apparatus ac @ esther claim28 or 30, further characterized by
said nmeans for conpiling conmprising means for conpiling ranges that are

sel ected from anong nesgarementsanti thé ycelpr \Ldabor valuacand|dvavaging

Hunter L = < 27, 27t t feamife 36 to
<39,39 to <42,42 to < 45& o2 éag'éiége kesyithancnts. <51, 51 to <
54, 54 to <57, 57 to <60 60 to <63, 63 to <66,66 to
<69, and > 609. aa The Spparstus arzeordihgots cany tdree off ai m

28 or 30, further charac erlze i d nmeans
for conpiling conprisT %{’?ﬁa&ds gsbo%fl ?1@ 18 g%r 22 mr‘r%%%%re col or factor
val ues substantial | y apparatys dslsdaptedofoxﬁﬂﬂtgcﬁingaﬁdcondition that

said nmeans for associgdhidil Gaaisein "R RNEnA® 'cHEIR Grabdalt t Eesty kel et .2
further color factor which is substantially that of color factor Hunter a
in a relationship between the |ightness neasure col or factor val ue ran

and associ ated further col or fa@uorrhalqnpasu#naanqqq;ﬂﬁ9Qqu|que9net the

L0|n|t g\rN' 29 © claims 1, 8, 13, 14, fé dr 20, wherein said
_4g to 54 colorat:.oA:t &slgizgn colao: atfon and said condit:.o%511§ o0 59
5to 25 hyperbilirub@nemidl (or nore) 6 to 30.

44. The appératus according to any one of
claims 1, 8, 13, 14, 17, 18 or 20, wherein said
apparatus is adapted to detect a condition in a
biological test subject.

45. The apparatus according to any_one of
claims 1, 8, 13, 14, 17, 18 or 20, wherein saiad
apparatus is adapted to detect a condition in a test
subject that is a human infant. :

46. The apparatus according to any one of
clains 1, 8, 13, 14, 17, 18 or 20, wherein said "
apparatus is adapted to detect a condition in a
bioclogical test subject that is selected from the group
consisting of plants and soil.

47. The apparatus according to any one of
claims 1, 8, 13, 14, 17, 18 or 20, wherein said
apparatus is adapted to detect a condition in a
biological test subject that is selected from the group
consisting of tissue, excretions, body fluids, hair and
teeth.
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33. The apparatus according to either claim28 or 30, further
characterized by: said neans for conpiling
conprising means for conpiling |ightness

-43- neasure color factor values being substantially those of color factor
Hunter L; and WO 96/41140 sai d means for associ at PGiB600732
conprising nmeans_for associating at |east one” ®{rther color factor havi ng -a
val ue which is substantially that of color factor Hunter b in a

rel ati onship bimﬂmuﬂ"m(ﬂl'wmgess measure col or factor value ranges and
sai d associ ate ctor values substantially equivalent to the
fol | ow ng: . .

48. The apparatus according to any one of
' claims 1, 8, 13, 14, 17, 18 or 20, wherein said
apparatus is adapted to detect a condition selected
from the group consisting of liver disorders,
hypertension and tuberculosis.

49. The apparatus according to any one
claims 1, 4, 5, 8, 13, 15 or 18, wherein said apparatus
is further characterized by means for calibrating said
measuring instrument by providing a colored tile with
color and spectral characteristics specific to the
color factor value to be measured, means for measuring
the coloration of said tile to produce measurement
indications and means for adjusting the measurement
indications of said instrument to correspond to
preselected values when measuring the coloration of
said tile.

50. A process of detecting a condition in a
test subject, which condition includes a symptomatic,
detectable change in the test subject’s coloration; the
process being characterized by the steps of:

(a) at a first point in time, measuring
with a color measuring instrument a value of at least
‘one color factor in the test subject’s coloration, said
color factor being dependent, at least in part, on
relative content of one or more colors in saiad
coloration;

(b) waiting an interval;

{(c) measuring with said color measuring
instrument, at least at one further point in time, a
value of said color factor in the test subject;s
coloration;

' (d) comparing the values of said color
factor measured at said first and said further point in
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No. Hunter L Hunte

No: 1. <27 -5

33. 36 to <39 -5 2. <27 J“l“]dmm“ mwr“r . 36 to <39 5 3.
<27 7 35. 36 <27 .8 36.
36 to <39 8 <27 f 37. 36 to <39 <27
10 .. 38 38"%"‘&@9 10 7. <27 39 Q‘é""{‘ig"ﬁ“:!é’
11 8. <27 12+ 40. 36 to <39 -5§z 9. 27 to <30 -5 :
41. 36 to <39 13 10. 27 to <30 6 ° . 42. 36 to <39 14 11.

27 to <30 7 43. 36 to <39 15 12. 27 to <30 8

44, 39 to <42 -5 13. 27 to <30 9 " 45, 39 to <42 6 14.

27 to <30 10 46. 39 to <42 7 "15. 27 to <30 11

47. 39 to <42 8 1Xime 6 afrive at’Za value of4Ghandetlin <¢dlor fattot;.

30 to <33 -5 9. 39 to <42 10 18. 30 to <33 6 50.
39 to <42 11 '109. to <33 7 51. 39 to <42 12 20. 30
to <33 8 52. 39 to <42 1¢e) xcompazingothgivalye of change §n 39

to <42 14 22. 30 dflor3factBr with a %ee%‘lah@iéﬂ&d nedsure Df cdflok0 <33

11 55, 42 ta t o, < 42 to <45
6 25. 33 to <36 aé%°r Va§“87°h239?c9¥5ﬂ?“°1“$ &3ia °%EF%¥£ZE?6 6

58. 42 to <45 8 27.. 33 to <36 7 59. 42 to <45 9 28. 33

Eg :22 1? 60. 42 10 547 7THE prbcesddabBofdfng td claim 50, 61. 42

wherein each of steps (a) and (c) comprises measuring
the value of a color factor that is dependent on
relative content of oéponent colors in said coloration
and on lightness of said coloration.

52. The process according to claim 50 or 51,
wherein each of steps (a) and (c) comprises measuring
the value of a color factor that comprises a first
function weighted in a first portion of the spectrum, a
second function weighted 'in a second portion of the
spectrum, and a weighting term that is a function of
lightness of said coloration and that modifies the
value of said color factor.

'53. The process according to claim 50,
vherein the test subject is an infant and the condition
is hyperbilirubinemia; wherein step (a) comprises
establishing a baseline measurement for said infant by
measuring with saild color measuring instrument a value
of said at least one color factor in the infant’s
coloration at a first point in time following birth
when jaundice resulting from hyperbilirubinemia is
generally not present in an infant, and step (e)
comprises comparing the value of said color baseline
measurement at said first point in time and at said
further point in time to determine whether there has
been exhibited a change therein of a predetermined
_magnitude for that particular infant.
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30. 33 to <36 10 33 to <36 11

63. 42 to <45 13 32. 33 t |m| J"Il!ﬁﬂ ilil”“t 64: 42 to <45 14
No. Hunter L Hunt er 102. 51 to K54

66. 42 to <45 16 :_103 51 to <54 67. 42 to <45

104. 51 to <54 WQ¥MI0G3 42 to <45 18 105. 51 !’b'l'/ﬂ!?émm
111 69. 45 to <48 -5 106. 51 t-69<54 12 70. 45 to <48 .

6 107. 51 to 454 71. 45 to <48 7 108. 51 to 454
14 72. 45 to <48 8 109. 51 to <54 L5- 73. 45 to <48

9 110 51 to <54 16 74. 45 to <48 10 111. 51
to <54 17 75. 45 to <48 11 112. .51 to <54 18 76. 45
to <48 12 113.  5154Q <bfie prdfess AccortiingOts4€laint S0,

114. 2 <54 2
5, to < QWherein step (e) comprises comparing the value of

change in said color factor with a preestablished
measure of color factor value change evidencing said
condition and that is correlatable to a measure of said
condition that has clinical utility.

55. A process of detecting a condition in a
test subject, which condition includes a symptomatic,
detectable change in the test subject}s coloration; the
process comprising the steps of:

(a) establishing a plurality of
coloration classes in which a predetermined magnitude-
of a change in value of at least one color factor is
indicative of said condition, said predetermined
magnitude indicative of the condition differing from
one coloration class to another;

(b) at a first point in time, measuring
with a color measuring instrument a value of said at
least one color factor in the test subject’s
coloration, said color factor being dependent, at least
in part, on relative content of one or more colors in
said coloration;

(c) waiting an interval;

(d) measuring with said color measuring
instrument, at least at one further point in time, a
value of said color factor in the test subject’s
coloration; and

(e) comparing the values of said color
factor measured at said first and said further points
in time to determine whether there has been exhibited a
change therein of the predetermined magnitude
evidencing said condition for the particular coloration

. class of said test subject.
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116.
81.
119.
84.
122.
87.
125.
90.
128.

131.

45 to <48
54 to <57
45 to <48°
54 to <57
48 to <51
54 to <57
48 to <51
54 to <57
48 to <51
54 to <57
48 to <51
57 to <60
48 to <51
57 to <60
51 to <54
57 to <60

14

17

9
12

18
15
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6

9
WO 96/41140
12

15

“Stest’ subject, W
8c0168atid18, tthe<process+being charaterized by theé

79.
117.
82.
120.
85.
123.
88.

126.

45 to <48
54 to <57 7
45 to <48 18+
54 co <57
48 to <'§:17"B9"°P732
54 to <57 13 .
48 to <52 10
54 to <57 16
48 to <51 13
54 to <57 19

a é%naitiEﬁ 1n15
57 to

ies Eesi’B‘PES‘fatiﬁg

1 <57 25

o AN i

. T ) *
48 to <51 -5
121. 54 to <57
48 to <51 8
124. 54 to <57
48 to <52 11
127. 54 to <57 91.
48 to <51 14 129.

2586. mwbroeess’of 38%9c§;§?

83.
11
86. -70-
' 14
89. .
17
92.

St 0 ﬁiphtgoggétlon71nc

9
6
12

136. 57 to <60 100. 51 to <54

" 11SERB O 5T o e 7 138, 57 co <60
~~~~~~~ ANENYDEUSHEEﬂeasurlng with a color measuring

10

Anstrument a .value in—saifl test subject’s coloration of

at least one color factor, said color factor being
dependent on said coloration and being correlatable to
a measure of said condition that has clinical utility;
and

(b) comparing the measured value of
said color factor with a predetermined range of values
of said color factor to determine whether said measured
value of said color factor evidences said condition in
said test subject.

57. The process according to claim 56,
wherein step (a) comprises measuring with a color
measuring instrument a value in said test subject’s
coloration of at least one color factor, said color
factor being dependent on said coloration and being
correlatable, in test subjects, having colorations of
substantially varying degrees of lightness or darkness,
to a measure of said condition that has clinical
utility.

58. A process of detecting a condition of a
test subject based on coloration of said test subject;
the ﬁrocess being:characterized by the steps of:

' (a) measuring with a color measuring
instrument the value of at least one color factor which
is suhstantiallj'colog factor Hunter b in said
coloration of said test subject, and

(b) comparing the measured value of
said color factor with a range of acceptable values of

REP

A“*w&

ENT Sﬂﬁfﬁd color factor that are indicative of t?e presence
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No. Huncer L Hunt er Hunt er 139. 57 to <60
13 175. 63 to <66 Hlmm"l"m ﬂrﬂmo <60 14 176. 63 to
<66 18 141. 57 to <60 63 to <66 19 142. 57 to
<60 16 178. 63'to <66 20- i 143. 57 to <60 17
179. 66 to <69 WD%M4IMI4 57 to <60 18 180. 66 to PGLIBISHNTI2
1 145. 57 to <60 19 181. ° 66 to-MB9 7 146. 57 to <60 .
20 182. 66 to <69 8 147. 60 to <63 -5 183. 66 to
<69 9 148. 60 to <63 6 184. 66 to <69 10 149. 60 to
<63 7 185. 66 to <69 11 150. 60 to <63 8 186

66 to <69 12 115. 60 to <63 187. .66 to <69 13 152. 60

63 10 iéé% )
189, 66 to <60 15 Oy peeiih ot %ggd édpgitibn £ d = $5Beet £ S dggerine
155. 60 to <63 1B the mqggpredbgagye<g§ said color factor lies inside

or outside said range.

59. In a process for detecting a condition

of a test subject; which condition includes a
symptomatic, detectable coloration; the improvement
heihg characterized h& the steps of:

(a) compiling a group of lightness
measure color factor value ranges; and

{b) associating with each lightness
measure color factor value range a value of a color
factor for use in comparison with a measurement of the
value of said color factor in the coloration of a test -
subject having a lightness measure color factor value
within said range.

60. A process of detecting hyperbiliru-~
binemia in a test subject based on skin coloration of
said test subject; the process being characterized by
the steps of:

(a) measuring with a color measuring
instrument a value of a first color factor which is
substantially that of color factor Hunter b in said
skin coloration of said test subject;

(b) measuring with a color measuring
instrument a value of a second color factor which is
substantially that of color factor Hunter L in said
skin coloration of said test subject; and

(c) comparing the measured value of said
first color factor with a range of acceptable values of
said first color factor that are found in subjects in
the absence of hyperbilirubinemia, said subjects having
a skin coloration corresponding to the particular

measured value of said second color factor in said test
REBLACENﬂmH‘SHEET subject, to determine if the measured value of said
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193.
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196.
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174.

60 to <63
66 to <69
60 to <63

[err] 69

60 to <63.

[err] 69
<66 7
[err] 69
63 to <66
[err] 69
63 to <66
[err] 69
63 to <66

14 18 157. 60 to <63 15
19 158 60 Eiﬂm I’EWﬂﬂ“l 194. 66 to <69 20+
ewr 5 160. 60 to <63 18
161 60 to <63 19 - 197. [err] 69 7/
!’9495'4"40 198. [err]69 8 163. 63 to <cRCTIBYAYT2
9 164. 63 to <66 6 -72200. [err]69 10 165. -
201. . [err]69 11 '166. 63 to <66 8
12 167. 63 to <66 9 203.: [err]69 13
10 204. [err]69 14 169. 63 to <66 11
15 .170. 63 to <66 12 .206. [err]69 16

13first colol Factorelipg9inside dr’ dutsidet ﬁh66£angé4
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-5 means | ess than 5 facteyrvaluerangesd andesaidi coloy factor waldue nanges
12 but less thage#ning said range of acceptable values is selected
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from ranges substantially equivalent to the following:
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further characterized by sai
substantially that of color factér Hunters
factor val ue range§J bei n {9‘ range

that of color fact

34.

o SN MR

the apparatus fusdl

b*and t he

ding to either claim28 or 30,
act or value bei ng
| i ght ness measure col or -
s of values of a color factor substantially

her conprising nEEHEBETI2

nmeasuring a value of a coI or factor which is substantially that of color

factor Hunter

L in said test subject's coloration.

35. The

apparatus according to claim 34, wherein said coloration is skin coloration
and said apparatus is further characterized by neans for establishing a

plurality of coloration classes that
coloration having a value of color factor which is substantlally that of

include a first class of skin

col or factor Hunter
skin coloration havi figh r . ! ot | Fumberhht]
factor Hunter L abovg sabstargvally 31. -5° .
according to claim 3P, purfhepzcharagtergzed D _
bei ng defined by thefregart OQgHl P DEYWEER [ 1E ]
which is substanti al | ! gﬁzLUIUT f : _
col or factor substan :V'{, g5 of—cgtor_facte ) a‘r.gu.mh. s
being substantially ﬂ I 6. | <27 10 I 38.)36 to <39 10
I 7. | <27 11 39.136 to <39 11
I 8. | <27 12+ 40.]36 co <39 12 i
f 9. |27 to <30 -5 41.]36 to <39 13
10. |27 to <30 6 42.136 to <39 14
n 1l1. |27 to <30 7 43.136 to <39 15+
12. |27 to <30 8 L«. 39 to <42 -5 '
§ 13. {27 to <30 9 45.139 to <42 §
| 14. [27 to <30 10 l 46.139 to <42 7
Ikxs. 27 to <30 11 47.]39 to <42 8
16. |27 to <30 12+ 48. (35 to <42 9
i 27. 130 to <33 -5 Lu. 39 to <42 10
I 18. |30 co <33 6 $0.139 to <42 11
| 19. {30 to <33 7 | 51.139 to <42 12 -
H 20. |30 to <33 8 $2.139 to <42 | 13 1
21. |30 to <33 9 §3.}39 to <42 14
22. |30 to <33 10 54.]39 to <42 1S+ I
23. }130 to <33 11
24. 130 to <33 12+ 1
25. |33 to <316 -5
26. {33 tOo <36 ] |
27. {33 to <36 7
: 28. j33 to «38 8
H 29. {33 to <36 9
30. |33 to <36 10
1 31. 33 to «36 | 11
32. 133 to <36 12+
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28. 33 to <36 8 60. 42 to <45 10 29. 33 to <36 9
61. 42 to <45 11 30. 33 to 62. 42 to <45 12 31. 33 to
6 11 53 42 to HlﬂﬂlﬂlﬁlﬂlllllllHHlllo <3 12: " B4, 42t
<45 14 . Huncer L Hunter b
No. Hunter L HWRWHIY g5 42 to <45 15 102. . 51PEHIBISMO732
8 66. 42 to <45 16 103. ‘51 to <B8- 9 67. 42 to <45 N
17 104. 51 to <54 10 68. 42 to <45 18- ' 105. 51 to
<54 11 69. 45 to <48 -5 : 106. 51 to <54 12 " 70. 45 to
<48 6 107. 51 to <54 13 71. 45 to <48 7 108.
51 to <64 14 72. izl el
to <48 9 N H L
111. 51 to <54 17 ['135. {99 i <643
140, |S7 to <60
141. |57 to <60
142. 57 to <60
143. |57 to <60
244, |57 ro <60
1a5. |57 to <60
f146. |57 to <60
147. |60 to <63
148. (€60 to <63
f149. |60 to <63
150. {60 to <63
ﬁ151. 60 to <63
152. |60 to <63
n153. 60 to <63
154. (60 to <63
1155. |60 to <63
f156. |60 to <63
‘ﬂlsv. 60 to <63
158. |60 to <63 | 16
159. 160 to <63 17
160. {60 to <63 | 18
161. |60 to <63} 19
162. {60 to <63 | 20«
163. |63 to <66 -5
164. |63 to <66 6
165. |63 to <66 7
166. }63 to <66 8
167. |63 to <66 9
168. |63 to <66) 10
169. 163 to <66 11
170. ]€3 to <66 ) 12
171. |63 to <66 13
172, jJ63 to <66 14
173. |63 to <66 15
174. |63 to <66] 16

' Wherein the desi

and the designat
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76.

114.

79.

117.

82.

120.

85.

123.

88.

126.

91.

129.

94.

132.

97.

135.
| 00.
138.

45 to <48 12 113, 5T to <54 19 77. 45 to <48 13
Sotast s T I, o e 2
54 to <57 7 81. th <48Mm 517+ 118. 54 to <57
45 to <48 WS4l 119, 54 to.<57 9 83. 48 to <5&CT’IB96@732
54 to <57 10 84. 48 to <51 6 _-75' 121. 54 to <57 11
48 to <51 7 122. 54 to <57 12 86. 48 to <51 8
54 to <67 13 87. 48 to <51 9 ) 124. 54 to <67 14
48 to <51 10 125. 54 to <57 15 89." 48 to <51 11
54 to <57 16 90. 48 to <51 12 127. 54 to <57 17 .
4§4t ?Ofé? 133 03 48 t12é31<.5| Ih &0 ééesé&:or Qi’eteﬂﬁntiﬂg<§1co1o114
48 to <51 16 °h*“_°teﬁ£i‘?i°v5‘)‘hﬁo§!'86°"eﬁe“t Fgmpriging the steng
57 to <60 6 @éf: 48 to <51 18 133. 57 to <60 7
B0y 80 ag so Lot Wt Oghbiashs » Grou By §y5itpens?”
51 to <54 6 measure cqlpr fagtorpvadue nyanges,raidslightrsas 7
57 to <60 12 measure color factor being substantially that of color
factor Hunter L; and -
(b) associating with each lightness
measure color factor value range a value of a color
factor for use in comparison with a measurement of the
value of that color factor in the coloration of a test
. subject having a lightness measure color factor value
in a corresponding range, said color factor being
substantially that of color factor Hunter a, and the
relationship between the lightness measure color factor
value ranges and associated color factor values being
substantially equivalent to the following:
Hunter L Hunter a
24 {or less) to 44 4 to 16
45 to 54 4 to 18
55 to 59 5 to 25
60 to 71 (or more) 6 to 30.
62. In a process for determining a color
. characteristic; the improvement being characterized by
the steps of: )

' (a) compiling a group of lightness
measure color factor value ranges, said ranges being at
least one range of a color factor which is
substantially that of color factor Hunter L, said at
least one range being selected from the ranges

- substantially equivalent to the following:
Hunter L = < 27, 27 to < 30, 30 to < 33,
33 to < 36, 36 to < 39, 39 to < 42, 42
REPLA(IHWENT‘SHEET to < 45, 45 to < 48, 48 to < 51, 51 to
— | i




-50- No. Hunt e L Hunter b 139.

51;6'.[0 ggoto iSG 18 14§IL.75 mﬁl) Iqwllﬂuiﬂﬂlll 140 1§;.t06§5?0 <62-34 19

142. 57 to <60 ~178. 63 to <66 20- i 143. 57 to <60
17 179. 6U'Q!!§'4Hd® -5 144. 57 to <60 18 18(0PCT.

<69 6 145. 57 to <60 19 181. 6640 <69 7 146. 57 to
<60 20+ 182. 66 to <69 8 147. 60.to <63 -5 183.
66 to <69 9 148. 60 to <63 6 184. 66 to <69 10 149. 60
to <63 7 185. 66 to <69 11 150 60 to <63 . 8

186. 66 to <69 12 151. 60 to <63 . 9 .187. 66 to <69 13
152. 60 to <63 10 183. 466540‘ Q9571457 453 s(g,o dPwep3 11
189. 66 to <69 15 154. 60 to 6 to, <69 _ 16
155. 60 to <63 13 19%. 5366‘% o"-°<b<9 66,766 é%es‘ %0 AW X597 14
192. 66 to <69 18 157. 60 amd<63 15 193. 66 to <69 19
158. 6Q to <63 16 194. (b6 ddbotidting with each lightness

measure color factor value range a value of a color
factor for use in comparison with a measurement of the
value of that color factor in the coloration of a test
subject having a lightness measure color factor value
within said range.

63. The process according to any one of
claims 50, 53, 54, 56 or 58, wherein step (a) comprises
measuring the value of a color factor that is further
dependent on lightness of the coloration of the test
subject.

64. The process according to any one of
claims 50, 51, 52, 53 or 54, wherein each of steps (a)
and (c) comprises measuring the value of said color
factor at different locations on said test subject.

65. The process according to claim 55,
wherein each of steps (b) and (d) comprises measuring
the value of said color factor at different locations
on said test subject.

66. The process according to claim 56 or 58,
wherein step (a) comprises measuring the value of said
color factor at different locations on said test
subject.

- 67. The process according to claim 60,

' wherein each of steps (a) and (b) comprises measuring
the value of said color factor at different locations
on said test subject.

REPLACEMENT SHEET
. | ANEN . E 1 9’ This Sheet Has Been Repl
sooecwse | pemsmemE® AN




159.
196.
162.
199.
165.
202.
168.
205.
171.
208.
174.

-5 neans |l ess than 5 but ,nore t han 4

-51-

6, 28 or

60 to <63
[err] 69
60 to <63
Terr]69
63 to <66
[err] 69
63 to <66
[err] 69
63 to <66
[err] 69
63 to <66

30,

e e

17 195. [err] - 160. 60 to <63 18
6 161. 197. [err]69 7
20+ qﬂlﬂﬂ IW”I"]HMH l"l 8 163. 63 to <66 -5
9 164. - 63 t& . 200. [err] 69 10
WP 96/41140 201, [err]69 11 166. 63 to <6RCTIBIEO0732
12 167. 63 to <66 9  ~78- 203. [err]69 13
10 . 204. [err] 69 14 169. 63 to <66 11
15 170. 63 to <66 12 206.. [err]69 16 .
13 207. [err]69 17 172. 63 to <66 14
18 173. 63 to <66 15 .209. [err] 69 19 .
16 2188, iﬁi ﬂ%%esszgéco¥ﬁfﬁ Fitd iy ol gration

RbPLACcﬁHﬂ¢T

-"n--—-..

further

SHEET
3 a PEF 1994

t he m)re

n step
33) coﬁbeiewaiatsm-mgcthél 'ﬂ&lﬁé ofa mo\tf falctiors 1,
that is dependent on relative content of opponent
colors in said coloration.

deS|gnat|on +12 nean

69. The process according to claim 55,
wherein step (b) comprises measuring the value of a
color factor that is dependent on relative content of
opponent colors in said coloration.

70. The process according to any one of
claims 50, 51, 52, 53, 54, 56, 58 or 60, further
comprising the step of establishing a plﬁrality of
coloration classes in each of which a preestablished
magnitude of change in value of said color factor is
indicative of said condition.

71. The process according to any one of
claims 50, 51, 52, 53, 54, 56, 58 or 60, wherein step
{(a) comprises measuring the value of a color factor
that is dependent on relative content of blue and
yellow in said coloration.

72. The process according to claim 55,
wherein step (b) comprises measuring the value of a
color factor that is dependent on relative content of
blue and yellow in said coloration.

73. The process according to any one of
claims 50, 51, 52, 53, 54 or 56, wherein step (a)

comprises measuring the value of a color factor that is

dependent on relative content of green and red in said
coloration.
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characterized by the apparatus hei ng an app arat us for detecting a condition
in a biological test subJ eCt'elllluum,m"“"u "Elm The apparatus accordi ng

to claim 37, further charact aratus bei ng an apparatus for

detecting a condition in a biol og| cal "t edt Subj ect that is a human, ani mal,

pl ant or soil testWogGpddet 39. The appar at us a(!’@é'ﬂ!?ﬁ‘?gmo
claim 37, further characterized by the apparat+tf9-being an apparatus for

detecting a condition in a biological test subject that is selected from
the group consisting of tissue, excretions, body fluids, hair and teeth.

40. The apparatus according to claim22, further characterized by said
means for nmeasuring the val ue of sai d at | east one color factor conprising
means for measuring as a basell hﬁ;&s&& é I st one
color factor in said test subj ect *s Séat\ééwplﬁ téé‘& tm 5%a

when the synptomatic, WMEFQPCﬁBhg@mEﬂ%MPFBHWQSWQ |‘Y?§}‘l°r&¥1 Phe

Zﬁdl caIThcondl tion is gRerelfactoet tﬁiesﬁ\tdeﬁéﬂehtsbnsﬁfblﬁ%]ve content of
: e apparat us acgor e urt her

characterized by sai d%(ﬁ g‘r&?’ldo%egl éig %%ﬁ%a##g&&&tigi‘m ned by ranges of

val ues of a color factor which are substantially those of col or factor
Hunter L; said ranges of said cqbqr THE LY oéégy%%dagamg besingifidl one e | east

Fntor L = 27, 30, "33 Slane g0, 81 %‘3"%* 40,5, 80/ 82 89, smeresn svep

60, 63, 66 and 69. (a) comprisesimeaswring the valter ofvalcekamastorst
subj ect based on the Q@ §'d Aapshdast lon pd11tiRIeds! of! ERe AEPEIHLIDNO¥ENT
characterized by: nmeans for measuring a val ue

of a first color factdmq tash gupbdects p; ect's coloration, said first color
factor being dependent on the |ightness of the coloration of said test

subj ect; and 76. The proteds J&Brﬂ?ﬂé%ér&ﬁﬁ/@#e of at
| east one further color, fact igsd t'est, subj ect’'s,col atl ?n
further color factor DEISFS é"ﬁé‘e oFPREFASas MeAFUT ipg: ‘i?pﬁ &nt

colors in the col orat itmlm:f mwn thatsikhjdependent on yellowness of the
wherein at |east one Qioidiatd¥nObs! 8k Ofestd!diftsjdctTPri ses a val ue of

' 77. ‘The process according to any one of
claims 50, 51, 52, 53, 54 or 56, wherein step (a)
comprises measuring the value of a color factor which
is substantially that of color factor HRunter b.

78. The process according to claim 55,
wherein step (b) comprises measuring the value of color
factor which is substantially that of color factor
Hunter b.

79. The process according to any one of
claims 50, 51, 52, 53, 54 or 56, wherein step (a)
comprises measuring the value of a color factor that is
dependent on redness of the coloration of the test
subject.

80. The process according to claim 55,
wherein step (b) comprises measuring the value of a
color factor that is dependent on redness of the
coloration of the test subject. '
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-52- said color factor that correlates to a neasure of col oration having
established | aboratory util | IMILMIMI'““I”U The appar at us accordi ng
to claim42, further conpridl arlng t he neasured val ues of
said first color factor and shid dasf onhe further color factor with a
range of val ues of WOH6|14Y| or factors that-are found in the col or BTG
subj ects other than said test subject, to deteB8ine where within said range
t he measured val ues of said color factors lie. ' 44. The
apparatus according to any one of clains 1 to 6, 9, 10, 42 or 43, wherein

said neans for neasuring the value of a color factor conprises neans for
maki ng a set of nultiple nmeasurenents of the color-factor val ue and neans

for averagi ng each set of mnultigi.,e waasS f&&&ﬁ&ﬁhccordlng to any ofi@.ofihe

appar at us according t cJalg%f sfurther E cter,ze Hy Zld at east one

further col or factor mg Suggtgﬁt éh (Rd SORBY;

col or factor Hunter bnasimxﬂg)rth‘eauaduel—loﬁtercmlomrﬁaqﬂor thhttctmptniq:es a

bet ween the |ightnes % e iated .
Sfﬂ‘é”é St ant [ w ﬁ?ﬁeéd i’:'x% fﬁ‘&e E‘Ex?ﬁ ﬂi‘sﬁﬂf

color factor val ues beln ui val ent Iomnng
a second function weighted in a second

portion of the spectrum; the color factor being further
dependent on lightness of the coloration of the test
subject.

82. The process according to claim 55,
wherein step (b) comprises measuring the value of a
color factor that comprises a first function weighted
in a first portion of the spectrum and a second
function weighted in a second portion of the spectrum,
the color factor being further dependent on lightness
of the coloration of the test subject.

83. The process according to any one of
claims 50, 51, 52, 53, 54 or 56, wherein step (a)
comprises'measuring a value of a first color factor
which is substantially that of color factor Hunter b
and, prior to step (b), the process further comprises
measuring a value of a second color factor which is
-substantially that of color factor Hunter a, comparing
the measured value of said second color factor with a
range of values of said second color factor, and
carrying out step (b) only if the measured value of
said second color factor lies within an acceptable
range.

~ 84. The process according to claim 55,
wherein step (b) comprises measuring a value of a first
color factor which is substantially that of color

—— factor Hunter b and, prior to step (b), the process

KEpPLACEMED ""Hfhr urther comprises measuring a value of a second color
H
actor which is substantially color factor Hunter a,
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comparing the measured value of said second color
factor with a range of values of said second color
factor, and carrying out step (b) only if the measured
value of said second color factor lies within an
acceptable range.

85. The process according to claim 59,
wherein said color factor is substantially that of
color factor Hunter b and the lightness measure color
factor value ranges are ranges of values of a color
factor substantially that of color factor Hunter L, the
process further comprising the step of measuring by
instrument a value of a color factor substantially that
of color factor Hunter L of said test subject’s
coloration.

86. The process according to claim 85,
wherein said coloration is skin coloration and said
process further comprises the step of establishing a
pPlurality of coloration classes that include a first
class of skin coloration having a value of a color
factor substantially that of a color factor Hunter L
value at or below substantially 51 and a second class
of skin coloration having a value of a color factor
substantially that of a color factor Hunter L value
above substantially 51.

87. The process according to claim 86,
wherein said coloration classes are defined by the
relationship between the values of said color factor
- substantially that of color factor Hunter L and the
values of said color factor substantially that of color
factor Hunter b, said relationship being substantiallj
equivalent to the following: | '
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Bl ack 0. 00 00 -10.00 5. 00 Darkest Dark
Brown 14.00 16.00 - 10. ooﬂl‘ﬁlﬁﬂﬁﬂﬁwjﬂml 1.00 Darkest Dark Brown
14.00 16.00 -10.00 3.00 kest Dark Brown  14.00
16.00 -10.00 3.00 1.15 1.25 Darkest Dark Brown 14.00 .16.00
-10.00 3.00 1. 2wWo9a10® Dar ker Dar k Brown 16. 00 19. 00 - 1.8CETIBI6/H07I2
3.00 -10.00 2.70 Darker Dark Brown [6.00 -82-00 10.00 3.00 2.70
2.95 Darker Dark Brown 16.00 19.00 -10.00 3.00 2.95 3.20
Dar ker Dar k Brown 16.00 19.00 -10.00 3.00 3.20 10.00 Darker Dark
Br own 16. 00 19. 00 2.00 3.00 -10.00 2.70 (Cool Auburn Tones)
Dar ker Dark Brown 16.00 19.00 2.00 3.00 .3.20 10. 00 (V\arm
Auburn Tones) Br : Y N T AT
Br own T nce .
19.00 22.00 0.0 , 0D <28. 20 . 48" Br ow
0.00 6.00 3.45 T UU tsgpyvn 3
3.45 10. 00 (Warm .,Jiﬂi:bj 7 - )
6. 00 - 10 00 3 45 ,47 T Tu a—[a :\vcul ; 5 ji?‘ﬁ. a
1.00 6.00 -10.00 e 22-4h0 ~dgs £, < ~56-
3.75 4.00 Col den Nt T L 20 Coql37-438gt0 <38dy 2 oo
4. 25 ol den Med. Br . 20 27 60 19 oo 4 36 39 39 dcn W0Hg
Brown 22.00 27. 74 276 00 14.3% 10.4b0 36 8@n<3? 1o 0
27.00 3.50 6.00 425 €37 00 (War ni2eibur nj Tofje#0. |36 to <39 12
9. |27 to <30 -5 41.]36 to <35 13 E

10. |27 to <30 [ 42.136 to «39 14

11. |27 to <30 7 43.136 to <39 15+ 1

12. |27 to <30 8 44.139 to <42 -5 i

13. |27 to <30 9 45.)39 to <42 6 |

14. |27 ro <30 ] 10 46.139 to <42 7 |

15. |27 to <30 11 47.)39 to <42 8 |

16. |27 to <30 12+ 48.)39 to <42 9

17. |30 to <33 -5 49.]39 vo <42 10

18. [30 to <33 6 50. {39 to <42 11

19. {30 to <33 7 $1.[39 to <42 12

20. |30 to <33 8 52.]39 to <42 13

21. |30 ro <33 9 53.]/39 to <42 14

22. |30 to <33 10 54.]39 to <42 15+

23. 130 to <33 11 §5.|42 to <4S -5

24. (30 to <33 12+ 56.142 to <45 6

25. (33 to <36 | -5 757.742 to <45 7

26. |33 co <36 6 ‘I 58.]42 to <45 8

27. |33 to <36 ? §9.|42 to <45 9

28. |33 to <36 8 60.]42 to <45 10

'29. ]33 to <36 9 61.]42 to <45 11

30. |33 to <36 10 f 62.)42 to <45 12

31. |33 to <36 11 63.]42 to <45 13

32. |33 to <36 12+ 64. - '
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Medi um Br own ~22.00 27.00 3 6.00 -10.00 4.2S (Cool Auburn Tones)
Dar kest Med. Blonde 27.00 2ﬁmm"wm>"ullgm -5.00 6.00 Darkest Med.
Bl onde 27.00 28.00 1.80 5.0 Dar kest Med. Bl onde 27.00
28. 00 5. 00 6.00 6.00 6.50 Darkest" Mid. "Bl onde 27.00 28.00 1.80
6.00 6.50 . 15. 00 WR¥4HOB| onde 28.00 31.00 1.80 6. O0PCT/RYG00732
6. 00 Medi um Bl onde 28.00 31.00 1.80 -8360 6. 00 6. 50 Med.

Gol den Bl onde 28.00 31.00 5.00 6.00 6.00 6.50 Med. Col den Bl onde
28.00 31.00 1.80 6.00 6.50 15.00 : CATEGORY NAME

L a b Mn Max Mn Max M n Max Lightest Med.

31.00 33.00 1.80 6. 00 -5.00 6. 00 Bl onde Lightest Med.
31. 00 33. 00 -

102. 51 :o <54 8
103. JS1 to <54 9
104. |51 vo <54 | 10
105. |51 co <54 11
f106. |51 to <54 | 12
&107. 51 to <54 L
108. |S1 rto <54 14
109. |51 to <54} 1S
ixxo. 81 to <S54 1lé
111. |51 co <S54 17
112. |51 to <54] 18
113. |51 to <54] 19
114. |51 to <54 20«
f115. |54 o <57 -5
f116. |54 to <57 6
1111. $4 to <57 7
118. |54 to <57 8
119. |54 to <57 9
120. |54 to <57 10
121. |54 to 57| 11
122. |54 to <57f 12
.4123. |54 to <57 | 13
f124. |54 to <57] 14
§125. |54 to <57} 15
" 1126. |54 to <57 16
127. |54 to <57 17
128. |54 to <57} 18
129. |54 to <57} 19
130. |54 to <57 20+
131, |57 to <60} -5
132. |57 to <60 3
133. |57 to <60 7
134. |57 to <60 8
0135, |57 to <60 9
136. |57 ro <60} 10

?
|
|
{
|
|
|
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Li ght est Med. 5.00 6.00 6.50 Bl onde
Li ght est Med. 31 oo 3 Lﬁﬁ mm (ymﬂmg 6.50. 15.00 Bl onde Li ght
Bl onde 33.00 36.00 L 0O 7.00 Light Blonde
33.00 36.00 1.80 5.00 7. oo 7.50 iught Bl onde 33.00 36.00
5.00 6.00 7.00WO09/48@0 Li ght Bl onde 33.00 36.00 1.80PCT/ABI¢N732
7.50 20.00 Lighter Bl onde 36.00 40.00-84+ 80 6.00 -5.00 8.00 .
Li ght er Bl onde 36.00 40.00 1.80 5.00 8. 00 8.50 Lighter Bl onde
36.00 40.00 5.00 6.00 8.00 8.50 Lighter Blonde 36.00 40.00
1.80 6.00 . 8.50° 20.00 Lightest Blonde 40.00 80.00 1. 80
7.00 -5.00 9. 00 Lightest Bl onde ~ 40.00 - 80.00 1.80 5. 00
9.00 10.00 Light : 0. (& G s GGG
10. 00 Li ghtest Bl ofldd¥e. ter
Red 22. 0@ 1338. @7 tob6e®®| 30300 -§. O .‘pe3Lteh&5ﬂ
22.00 28.00 6.0 14\50 V87 ca-260 | 514> LI Ot B8Gg 63 co <68]002180- UU
. i e y oy o A=A S = A~ AT~ A~ g
Vedi um Red 142 . nrk579§°nﬁ5° - A8 o 0 178:,]633t0cc
Red 19. 00 S76t00<6&) k7 3 7 139001 fBgEo b
.19.00 22.00 6.(04430]60 tods€®] 38.00 rif 180d |66 to <69 |14. 60
19.00 3.00 30.001480Q. 087 3. &0 Par kg Red 181. 166 88 <@®]00 73.00
30.00 2.50 2.7§1WR .K|89Uce <80 {0020+10- 182, |66 to <69 8 2 /9|
300 Dark fed 11Q9 TET P8 ce3 | 008 OO Ya30 |88 ¢4 wwve—g -
' ' " "#148. [60 to <63 6 184. |66 to <69 10 I
§149. |60 to <63 7 185. )66 to <69 11
f150. |60 to <63 8 f186. |66 to <69 12 ,
f1s1. J60 co <63 9" §187. |66 to <69 ] 13 I
152. |60 to <63 | 10 §188. {66 to <69 ] 14
H 153. |60 to <63 11 Ius. 66 to <69 | 1§ l
154. |60 to <63 | 12 190. |66 to <63 ] 16
185. |60 to <63 13 [191. {66 to <69 17 i
HlSS. 60 to <63 | 14 192, |66 to «69] 18 I
1157. [60 to <63 15 f193. |66 to <63 19 .
f1s8. |60 to <63 16 8134, |66 to «69 20+ I
: 1159. |60 to <63 | 17 195, 269 -5
§160. |60 to <63 | 18 196. 269 6 |
: 161. }60 to <63 19 197. 269 7
162. |60 to <63 | 20+ 198. 269 8 J
163. |63 to <66 -5 §199. 269 + 9
164. |63 to <66 6 | 200. 269 .10
165. 163 to <66 7 Izoz. 269 21 |
166. |63 to <66 8 202. 269 12
167. |63 to <66 9 f203. 269 13
168. 163 to <66 10 §20a. 269 14
f169. |63 to <66 11 f 205. 269 15
170. [63 to <66 ) 12 206. 269 16
171. |63 to <661 13 207. 269 17
172, |63 to «66] 14 208. 269 18
173. |63 to <66} 15 209. a69 19
174. |63 o <66 ] 16 210. 269 20+
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Red Bl onde 40. 00 y/ 0 6. 00 30. 00
I 1...1M _ Il a
b Mn Max Mn N l'ack/ Dk Bromm/N@d 27.00 50.00
- 10.00 L. 80 10._00 75 Bromn/Bromn w 70% - 90% Grey Bl ack/ Dk
Brown/ Med  27. 00. WOS§/ b‘d -10.00 1.80 3. 7585 4.00 PCT/AB96/00732
88. The process according to claim 59,
. wherein step (a) comprises compiling a group of

‘lightness measure color factor value ranges, said
: lightness measure being that of a color factor which is

substantially that of color factor Hunter L and step
(b) comprises associating a value of a color factor
which is substantially that of color factor Hunter a
with each lightness measure color factor value range,

~the relationship between the lightness measure color
factor value ranges and associated color factor being
substantially equivalent to the following:

Eﬁn;g:_g

Hunter 1
24 (or less) to 44 4 to 16
45 to 54 4 to 18
55 to 59 5 to 25
60 to 71 (or more) 6 to 30.

89. The process according to any one of
claims 50, 51, 52, 53, 54 or 56, wherein step (a)
comprises measuring the value of a color factor which
is substantially that of color factor Hunter a.

90. The process according to claim 52,
wvherein each of steps (a) and (c) comprises measuring
the value of a color factor that comprises a first
function weighted in a yellower portion of the spectrum
and a second function weighted in a bluer portion of
the spectrum.

91. The process according to claim 70,
wherein said coloration classes are determined by
ranges of values of a color factor which is
substantially that of color factor Hunter L; said
ranges of said color factor values being bounded by at
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Brown/Brown w 70% - 90% Bl ack/ Dk Br own/ Med 27.00 50.00 -10.00
1.80 4.00 4.25 Brown/Browﬁmm r IJ L’(“io Grey Bl ack/ Dk Brown/ Med
27.00 50.00 -10.00 1.80 rown/Brown . w 70% - 90% G ey
Bl ack/ Dk Br own/ Med 23.00 27. 00 10 00 1.00. -10.00 3.75 Brown/ Brown
w 40% - 60% G ey WOWSKMDK Br own/ Med 23.00 27.00 -10.00 1. OBCT/IBS6/0732
4.00 Brown/Brown w 40- 60% Grey Black/Dk B8&wn/ Med 23.00 27.00

-10. 00 1.00 4. 00 4.25 Brown/Brown w 40% - 60% Grey Bl ack/ Dk
Br own/ Med 23.00 27.00 -10.00 1.00 4.25 10.00 Brown/Brown w 40% -

60% G ey G ey Hair Li ght Brown/ Dar kest Bl onde 40%- 60% G ey
4.00 10.00 -10.00 -0.08 70%- 90% G ey 10.00 99.99 -10.00 -0.08
Dark Red, Medium Red df Q:'ﬂe Fa9ued02ps il 91 equivalefit % the
10.00 -10.00 -O. 80Pé7a0%_1i9&% oS dupatihtiMioy equivalest tb |

Li ght Red or Red Bl onfRllowing:
Hunter L = 27, 30, 33, 36, 39, 42, 45,

48, 51, 54, 57, 60, 63, 66 and 69.

92. The process according to any one of
claims 50, 51, 52, 53 or 54, wherein each of steps (a)
and (c) comprises making a set of muliiple measurements
of the color factor value at each of the respective
points in time and averaging each set of multiple
measurements.

. 93. The process according to claim 55,
vherein each of steps (b) and (d) comprises making a
set of multiple measurements of the color factor value
at each of the respective points in time and averaging
each set of multiple measurements.

94. A process of evaluating a test subject
based on the coloration of said test subject, the
process being characterized by the steps of:

(a) measuring with a color measuring
instrument a value of a first color factor in said test
subject’s coloration, said first color factor being
dependent on the lightness of the coloration of said
test subject; and :
(b) measuring with said color measuring
instrument a value of at least one further color factor
in said test subject’s coloration, said further color
factor being dependent on the relative content of
opponent colors in the coloration of said test subject;

wherein at least one of steps (a) and
(b) comprises arriving at a value of said color factor
that correlates to a measure of coloration having
established ‘laboratory utility.
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4096-6096C?ey 5.00 7.00 -10.00 -0.80 70%- 90% Gey 7.00 99.99

-10.00 -0.80 Mediumto I\/Ed“l mu’mull40° 60% G ey 70%- 90% G ey
4.00 99.99 0. 00 0. 00 40% - 60% G ey -99. 99

:0.25 -1.75 -1.25 70%- 90%'Géy " M %95.99 -0.25-99.99 -1.75
Werei n negative WO8B41Menote val ues | ess than zero. PCT/IB96/00732
+56- 46. The apparatus accor®fmg to either claima42 or
43, wherein said neans for neasuring said at |east one further color factor
val ue conprises nmeans for neasuring the value of sai-d at | east one further
color factor that is dependent on rel ative content of blue and yellow in
sai d col oration. The apparatus according to claim42

or 43, wherein said neans for g as%iégg?ﬁféeﬁét I&g,%gg.?ig? Eé‘%lﬁiﬁ"’ﬁue

conprlses measuring the val ue i er col or factor
that is-dependent on fusther,coBBs %H‘go‘f'hq &tFem oL rempar ing fhe agasuredyn
48. The apparatus aeued of baidi first cdclor £actoridndfsuidiert least one

characterized by the ﬁﬂ:@{eg‘t 3§|lggr ﬁéf@é:f'%iﬁg aax%ﬁﬁg §§b+ff\$| ca £'%aid

apparatus for determning a or characteri st test
subj ect. color factors that are found in the colorations of

subjects other than said test subject, to determine
where within said range the measured values of said
color factors lie. '

96. In a process for evaluating the
coloration of a test subject, the improvement
comprising the steps of:

(a) compiling a group of lightness
measure color factor value ranges, said lightness
measure color factor being substantially that of color
factor Hunter L; and

(b) associating with each lightness
measure color factor value range a value of at least
one further color factor for use in comparison with a
measurement of the value of that color factor in the
coloration of a test subject having a lightness measure
color factor value in said range, said at least one
further color factor being substantially that of at
least one of Hunter b and Hunter a, and the
relationship between the lightness measure color factor
value ranges and the associated color factor values
being substantially equivalent to the following:
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49.

human, ani nal ,

The apparatus according to ¢
apparatus for determ ning a color

determ ning a color characteristic in
pl ant or soil
appar at us accordi NEVO 96/41k481 M 48,

test subject.
further-characterized by the app®CzaBesmcie

iﬂlllllﬂﬂﬂlllﬂlllltff I

& blol'bgical* test subject that is a

characterized by the

ing an apparatus for

50.

The

determ ning a color characteristic in a biol ogi-88- test subject being an
apparatus for determning a color characteristic in a test subject that

S

selected fromthe group consisting of tissue, excretions, body fluids, hair
and teeth. 51. The apparatus-according to any one of
clains 1, 6, 28, 30, 42 or 43, further characterized by:
means for cali braffi ng r asurrgpg w a col oged sanple w
col or and spectralf characteristics s CaE C 1 OMa e TR 1o Mak Vo men ' J. Max
nmeasur ed, includi
coloration of thelfBiagke t uce ACiehs.0hdr2dit®ns I fed0s00 dr 5.00
adj usting the nea 82bin?! L0001 8554019 -16! 00'%2S49d19-18€. 00 1.00
ggﬁnrjlezpond tO prejibatke k s . -10. . 1,00 ﬂ%.lsu
appar at us accor di e : 1 spbetdd) 125
refl ectance facto +00 }-10.00 ) 3.00 3.00
Lengt hs Darker Dark)®ebim 16.00 | 19.00 |[-10.00fM3.00 |~20.00 | 2.70
Refl ectance Factoffpsrxer Dark Brown | 16.00 | 19.00 |-10.00] 3.00 ] 2.701 2.85
Darker Dark Brown 16.00 | 19.00 |-10.00 3.00 2.95 3.20
Darker Dark Browm 16.00 19.00 {-10.00 3.00 3.20 10.00
Darker Dark Brown 16.00 19.00 2.00 3.00 |-10.00 2.70
{Cool Auburn Tones) | .
Darker Dark Brown 16.00 | 15.00 2.00 3.00 3.20 | 10.00
(Warm Auburn Tones)
Brown 19.00 | 22.00 0.00] 6.00 |-10.00 | 2.95}
Brown 18.00 | 22.00 0.00 6.00 2.95 3.20
Brown 19.00 | 22.00 0.00 6.00 3.20 3.45
Brown 19.00 22.00 0.00 6.00 3.45 10.00
Brown 19.00 22.00 3.50 6.00 3.45 10.00
{Warm Auburn Tones) )
Brown 19.00 | 22.00 3.50 6.00 1-10.00 3.45
{Cool Auburn Tones) | - '
Medium Brown 22.00 | 27.00 | 1.00 6.00 }-10.00 3.78
Medium Brown 22.00 27.00 1.00 €.00 3.75 4.00
Golden Med. Brown 22.00 § 27.00 1.00 6.00 4.00 4.25
Golden Med. Brown 22.00 | 27.00 1.00 6.00 ] 4.25 10.00
Medium Brown 22.00 27.00 3.50 6.00 4,25 10.00
{Warm Auburn Tones) : : )
Medium Brown 22.00 { 27.00 3.50] e.00 }j-10.00 4.25
{Cool Auburn Tones)
Darkest Med. Blonds | 27.00 | 28.00 1.80 6.00 -5,00 6.00
Darkest Med. Blonde | 27.00 28.00 1.80 5.00 6.00 €6.50
Darkest Med. Blonde | 27.00 28.00 5.00 6.00 6.00 6.50
Darkest Med. Blonde | 27.00 28.00 1.80 6.00 §.50 15.00
Medium Blonde 28.00 31.00 1.80 6.00 -5.00 6.00
Medium Blonde 28.00 31.00 1.80 5.00 6.00 6€.50
Med. Golden Bleonde 28.00 31.00 5.00 .00 €.00 6.50
Med. Golden Blonde | 28.00 31.00 1.80 6.00 6.50 315.00
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520 WO 96/4114D 28. 24 -89 540 PCT/IB96/00732
27.59 ‘ 560 ' 27.33 .
580 30.12 600

40. 52 620 47.93

640 51. 10 : 660

53. 82 6 . 56. 55

700 CATEGORY : L : appargtus p

according to clagm 51, wherein the

followwng C 1.E ' ; = =
= 33. 76 Lightest Med. 3%.00 |-33.003 3380 6.00 ] -5.00 6.00
z =, 24, 20 [Blonde = 02222
y = 0.3 ghtest Med. 31.00 | 3p3.00 |- 1.805 5500} 6.00 §.50
a = 9. 05 Blende B = 13175
Lightest Med. 31.00 | 33.00 5.00 €.00} 6.00 6.50
Blonde '
Lightest Med. 31.00 | 33.00 1.80 €.00| 6.50] 15.00
Blonde
Light Blonde 33.00 | 36.00 1.80 ] 6.00) -5.00 7.00
Light Blonde 33.00 | 36.00 1.80 5.00| 7.00 7.50
Light Blonde 33.00 | 36.00 5,00 6.00] 7.00 7.50
Light Blonde 33.00 | 36.00 1.80 6.00 ] 7.50 ) 20.00
Lighter Blonde 36.00 | 40.00 1.80 6.00 ] -5.00 8.00
Lighter Blonde 36.00 | 40.00 1.80 §.00} 8.00 8.50
Lighter Blonde 36.00 | 40.00 5.00 6.00 ) 8.00 B.50
Lighter Blonde 36.00 | 40.00 1.80 €.00 8.50 | 20.00
-jLightest Blonde 40.00 { 80.00 1.80 7.00 { -5.00 9.00
Lightest Blonde 40.00 | 80.00 1.80 5.00 9.00 | 10.00
Lightest Blonde 40.00 | 80.00 5.00 7.00 ] s.00 | 10.00
Lightest Blonde - 40.00 | 80.00 1.80 7.00 | 10.00 | 30.00
Light Red 22.00 | 28.00 6.00 | 30.00| -5.00 3.50
Light Red 22.00 | 28.00 6.00 | 30.00] 3.50 3.75
Light Red 22.00 | 28.00 6.00 | 30.00f 3.75 4.00
Light Red 22.00 | 28.00 6.00 | 30.00} 4.00 | 30.00
Medium Red 19.00 | 22.00 6.00 | 30.00 }J-10.00 3.50
Medium Red 19.00 | 22.00 6.00 [ 30.00 | 3.s0 3.75
Med. Golden Red 19.00 | 22.00 6.00 | 30.00] 3.75 4.00
Med. Golden Red 19.00 | 22.00 6.00 | 30.00( 4.00 | 30.00
Dark Red 14.00 | 19.00 3.00 { 30.00 {-10.00 2.50
Dark Red 14.00 | 19.00 3.001 30,00) 2.50 2.75
Dark Red 14.00 | 19.00 3.00} 30.00] 2.75 3.00
Dark Red 14.00 | 15.00 3.00( 30.00| 3.00| 30.00
' Red Blonde .27.00 | 40.00 6.00 | 30.00| &6.00| 30.00
Red Blonde 40.00 | 80.00 7.00 | 30.00} 6.00} 30.00
: t Has Been Re; laced
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-58- neasured wt
C.1.E standard il
54. The apparat u

for neasuring the

ti
Pu%hﬁaﬁfe‘é“éﬁiﬂlm‘ﬂﬂ@ﬂ]“ Ht e,

0 *ei fhet clai’m 42 or 43
| east one further

s accordi ng

VOB sqi

| at

cal cul ated for
st andard observer.
wherei n sai d neans
color factorP

means for measuring the value of a color factor9%mat is dependent on
relative content of blue and yellow in said coloration. .
The apparatus according to either claim42 or 43, wherein said neans for

measuring the valu
nmeans for neasurin
rel ati ve cont ent

The apparatus acc@rding to either cl

measuring the va
nmeans for neasuri
yel | owmness of the
appar atus accordi
measuring the va
nmeans for neasuri
redness of the co

e of said at

| east one further
the value of a color factor that

col or factor
i s dependent on

55.

conpri ses

Ol rTn{salrd ceJoratl qn. ‘a 3
I 'Mid V'] Max
1ahb/nlalammmadc | 87.0%qt 6P .Ahqr10 0Gigpehdkhy-dh-.00 | 3.75
of, the flest suljj ect. 57. The
1 1 ne V£ Ay
alet-'k Brown/Medt |0R2-9Q |t FROTGrd0 -9t Ok -8 prIsts| 4.00
[ed COlOr fa tor that is d pendenu on :
- e Tho
appar at us accor di gl!ﬁ“fg‘i [REeva/Med, 402,00 59\#\%0!’?\"5%9& n%eﬁ% fop-00 | 4.25)
rown/Brown
w/ 70% - 950% Grey
Black/Dk Brown/Med 27.00 $0.00 |j-10.00 1.80 4.25 10.00
Brown/Brown
w/ 70% - 950% G
Black/Dk Brown/Med 23.00 | 27.00 |-10.00 1.00 |-10.00 -3.75
Brown/Brown
w/ 40% - 60% Grey —
Black/Dk Brown/Med 23.00 | 27.00 1-10.00 1.00 3.78 4.00
Brown/Brown :
w/ 40% - 60% Grey
Black/Dk Brown/Med 23.00 |} 27.00 |-10.00 1.00 4.00 4.25
Brown/Brown
w/ 40% - §0% Grey
Black/Dk Brown/Med 23 .00 27.00 }-10.00 1.00 4.25 10.00
Brown/Brown
w/ 40% - 6§0% @
_ Grey Hair

Light Brown/Darkest Blonde '
40% - 60% Grey 4.00 10.00 §-10.00 -03.08
70% - 90% G 10.00 99.99% }-10.00 -0.08
PDark Red, Medium Red or Medium Light Red '
40% - 60% ngr 6.00 10.00 {-10.00 | ~0.80
70% - 90% G 10.00 | 99.99 {-10.00 ) ~0.80
Light Red or Red Blonde
40% - 60% Grey " §.00 7.00 }-10.00 | ~-0.80
70% - 90% G 7.00 99.99% {-10.00 -0.80
Medium to Medium Dark Blonde
40% - 60% Grey 1.70 4.00 0.00° 0.00
70% - 950% G 4.00 99.99 0.00 0.00
Light Blonde Hair
40% - 60% Grey -99.99 | -0.25 | -1.75 | -1.25
70% - 50% G -99.99 | -0.25 {-99.99 | -1.78

Wherein'negative values denote values less than zero.
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measuring the value of at |east _one furth or factor conprises neans
for neasuring a first f,unctionmﬂl m ﬁlﬁ[’nlrst portion of the spectrum
and a second function wei ghted'¥#® N&e spoLtion of the spectrum the
color factor being further dependent on |ightness of the coloration of the
test subj ect. ‘WO96/41140 59 The apparatus_according to eit hdfCTABEVITR)
or 43, wherein said neans for nmeasuring the vaPle of said at |east one
further color factor conprises nmeans for neasuring a value of a color
factor which is substantially that of color factor Hunter b and, the
apparatus further conprises neans for neasuring a value of an additional
color factor which is substantially that of color .factor Hunter a, neans’

for conparing the measured val up of paai graggggi%rﬁq}goq._of'a;;% yeth a
range of values of said additional, factor, and neans for ontigui n‘?ﬁﬁltg
| I

detecting of the cond® B, #YPR (Y hEoRREises Meaguring: the; ya
color factor |ies w theastrnorne diyxttherecoldogefactor that is depéfident Towe

appar at ys accordi ng t?eﬂﬁ:ﬁ‘?é ﬂﬂe%élgf%?&é’ﬁé@e‘é%%rws hdsd88"Soi8Fation.

measuring the value of sald at |east one turt actor conprises
means for neasuring a

-59- color factor value that igs.subfneaprbebby adedrdinge eboclatmtes, Hunt er

a. 61. r,aku | i cl,at 1 4 43,
wherei n sai d nmeans fth%%%%Srl n t(%z ég%%@%?é%%%%? Jgﬁgg%ur ﬁéetf
col or factor conprisekedghrene Juriber FPAgTafacter that 45 depepdenbions

substantial ly that ofrépa®ivé asdrientiubEckel. and green in said6éolorativn.
apparatus according to either claim42 or 43, wherein said neans for

measuring the value of said at | east one further color factor conprises
means for -nmeasuring a 99. The process according to claim 94,

wherein each of steps (a) and (b) comprises making a
set of multiple measurements of the values of each of
said first color factor and said at least one further
color factor and averaging each set of ﬁultiple .
measurements.

100. The process according to claim 1,
wherein the condition is a medical condition that
includes a symptomatic, detectable change in a test
subject’s coloration; and wherein step (a) comprises
establishing a baseline measurement for said test
subject by méasuring with a color measuring instrument
a value of said at least one color factor in the test
subject’s coloration when the symptomatic, detectable
change in coloration resulting from the medical
condition is generally not present in a test subject,
and step (e) comprises comparing the value of said
color factor baseline measurement and said value of
said color factor at said further point in time to
_ determine whether there has been exhibited a change
therein of a predetermined magnitude for that
REPLACEMENT SHEET particular test subject.

3 0 DEC 1994

. 101. The process accbrding to any one of
4 claims 50, 55, 56, 58 or 59, wherein said process of
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color factor value that has a fi ighted in a yell ower portion
of the spectrumand a second f unk H uﬁﬂ éﬁ!’f a bluer portion of the
spectrum ording to any one of

claims 1 to 6, 9, 10, 42 or 43 wherel n said neans for measuring the val ue
of a color factor wowssilges neans for neasuring the val ue of sai dPCHIBH00732
factor at different locations on the test subje32- 64. The
apparatus according to any one of clains 1 to 6, 9, 10, 42 or 43, further
characterized by said apparatus being an apparatus for detecting or

eval uating a condltlon that causes jaundice in a human child or adult test
subj ect. 65. The apparatus according to either claim43

or 45, wherein sald MaARBckeh EISUANOGY akliBe8 o S skdlls |25 aekBEL ing

further color factor corrprlse means nmeas ue of col or
factor that conprisesacPpaiti Pﬂnﬂﬁbmﬁﬁﬂé&nﬂh"% in & thyman |‘-'6\415f OFhe
spectrum a second fuagulentestosarjedt. a second portion of the spectrum '
and a weightingtermthat i.s a function of I|ight ness of said coloration and
that nodifies the value of said color factor. 66. A
process of detecting a conditi oh02n Entenrosessefor eyaluatingtheon

includes a syrrptorratleoldeaesbﬂbbs & heafie dubjlele, t €8é Bmfhtfdmentcol or ation,

the process being of _the t measuring of the val ue of at

| east one col or fact oFWrLEEﬁS d’f# cﬁI}et subj ect, the process being
characterized by the steps of: (a) compilmg a grmgm)of Lightnessst :
point in tine, ”easurmsw&hcalsf'@écéaawm@gr hged ! WEld 1jgtitneasol at

| east one color factor 1n the tf g*ﬁl-ect atlon falg Bl or faitor
bei ng dependent, at | ®2SFUrR G1P ?E?ﬁ' iplly,

colors in said col or atfiagtpr Hunter L; and (b) wai ti ng an

I nterval;  (Clpy  dEMLEDHa Y &h g9l

measuring instrunment, at |east at ong furt herglt o t %ﬁhs& 9(\?{a'i-'lnl?gsof

said at |east one col BeaFREEPOLRrtiRcteK valys, erge 2oyaiua ﬁf'nat least

one further color factor for use in comparison with.a
measurement of the value of that color factor in the
coloration of a test subject having a lightness measure
color factor value in said range, said at least one
further color factor being substantially that of color
factor Hunter b, and the relationship between said
lightness measure color factor value ranges and said
associated color factor values being substantially
equivalent to the following:

This Sheet Has Been Replaced
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- 60_
one col or factor

(e)

(d) I
nmeasured at sai

i

arrive at a value of change in sai

conparing the value of change in said at

6793

further

| east one col or

the condit

and

| east
points intinme to

g e

factor with
a preestablished n¥:44148f sajd at | east one col or factor val ue RCEIRIEO0732
evi denci ng said condition.

claim 66, wherein the test subject
hyper bi | i rubi nem a,

- The process according to
is an infant and

ion is

further characterized by step (a) conprising
est abli shing a baseline neasurenent for said infant by neasuring with said
col or neasuring instrunent a value of said at |east one color factor in the

infant's coloratio f ol e
resulting from hypé¢rboli f uBimese 4 i| H & Iy noWNopriesenternL anduntanty
and step (e) conpr T _ ( c. fh ELW oy X
nmeasur enment at sai =St Tt t
further point int 2¢ £l o erﬂr:Ti“' <
change therein of i or : 2 i
68. The process 2 \ ﬂlai m 6 36 136,500 83% har frieri d
by step (e) co of ' at 8 east
one col or factor t héa 22est ablli sh8d nealiur g 038 cldéreof =380} Vil ue
change evi dencing gal @.cond2®?i on apd fkhat is r3%el [Béldec <38 b rEnsur e jpf
said condition thafj hes ¢l &pecal ufil gpy** ﬁ 36 co @99 | Thgz procdes
according to eithe al b QT {7y ] - T VgL ner 13
prior to steps (d) F37C; a YT Pt T1a
classes in which a T L £ -e
| east one col or f aftess W LT
predet er m ned magn |
coloration class tp_adet he? tansso 9
: 14. §27 tO <30 10
'{ 15. |27 vo <30 11
16. |27 to «30 12+
17. |30 to <33 -5
18. |30 to <33 6
19. |30 to «3i3 7
20, |30 £o <33 8
21. |30 to <33 9
22. 130 to <33 10
23. 30 £O <33 11
24. |30 to <33 12+
25. 133 to <36 -8
26, |33 to <36 6
I: 27. |33 to <36 7
28. {33 to <36 8
29. |33 to <36 9
30. ]33 to <36 10
31. |33 to <3¢ 11
32. |33 to <36 12+
l REPLACEMENT SHEET} -
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wherein steps (d) and (e) toget her' |ng t he val ues of
said at | east one color factor tﬂ M‘kﬂi&mﬂﬂ“}rst and said further
points in tine to determ ne wh as=peen exhi bited a change

t herein. of the predeterm ned rragnl tude evi denci ng said condition for the
particul ar col or at WH6IH8s of said test subject. PCT/IBHG/00732
A process of detecting a condition in a.test s1,%"ect , Which condition
i ncludes a synptomatic coloration, the process being of the kind that

i ncl udes neasuring the val ue of at |east one color factor in the.
coloration of the subject; the process being characterized

-61- by the steps of: (a) -neasuring with a col or.
measuring instrunment a val ue of at Ieast one col or factor in sal d test

subj ect's col orati off, yadl r 1A HincBe! Y} dep ;
and '

| east one col or fac S i : .
| east one col or facfgf8tgldeieensd® i d ﬁ&ﬂésu §tl valiﬁé [ idal

| east one col or facfos7evidences<s®id tonditipn fnosai istesé <84 ecto

71.  The process 49 €8 €49 m y§. Tur htehebar fsicEdzexy py siep (3
CcO rRsin nmeasurin S Mt U S atle
sugjpect sgcol oratio éc_ — re—cofor—at o H'Bgén ‘glvﬁf“ U.fébm o
factor being depend RN be LN IR X PO
subj ects, having collafAri haS% B8 <48dian?ial i\l va jad EA<Sk | 14
I 72. |45 to <48 8 109. |S1 to <S4| 15
i 73. |45 to <48 9 £1210. |S1 to <S4 16 -
B 74. |45 to <48 | 10 f111. §51 to <S4 | 17 1
]Fvs. 45 to <48 ) 11 §112. |51 to <54 18
76. 145 to <48 12 J113. |51 co <S54} 19
I 77. 145 to <48 ] 13 '114. S1 to <54 20+
I 78. |45 to <48 14 115. |54 to <57 -5
i 79. [45 to <48 ] 15 f116. |54 to <57 6
| 80. |45 to <48 16 [117. |54 to «57 7
I 81. |45 vo <48 | 17 f118. |54 to <57} -8 I
| 82. |48 to <48 18+ 1119. |84 to «57 9
83. }48 to <51 -5 120. |54 to <57] 10 |
| 8a. |48 ro <51 6 121. |54 to <57 11 1
| 8s. |48 vo <51 7 122. |54 to <57 12
86. 148 to <51} -8 I:.zz. 54 to <57 13 i
Fn. 48 to <51 9 124. |54 to <57] 14 |
88. [48 to «51| 10 §125. |54 to <57| 15 1
u 89. |48 to <51 ] 11 Ius. 54 to «¢57| 16
90. |48 to «S1] 12 127. {54 to 57| 17 - |
91. 48 to <51 ] 13 f1128. |54 to «57| 18
92. ]48 to <51} 14 [129. |54 to <57 19 I
93. 148 to «51) 15 -~ §130. |54 to <57 20+
94. 48 to <51| 16 J131. |57 to <60 -5
95. j48 to <51} 17 §132. |57 to <60 6
96. |48 to <51 18 §133. |57 to <60 7
97. |48 to <51 19 f134. |57 to <60 8
i 98. |48 to «51| 20+ lus. S7 to <60 9
99. |51 to <54 ] -8 136. |57 to <60] 10
100. |51 to <S4 6 f137. |57 to <60} 11

101. }S51 to <54 7 138. |57 to <60 12
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| i ght ness or darkness, to a neasure of dition that has clinical
utility. 72. n“ilﬁ mﬂﬁ "ﬁ:{ d| ng to claim70, further
characterized in that: measuring with a

col or neasuring instrunent the val Ue of sal d at | east one col or factor
conprises neasuri WOMiMor factor value which is substantially PREFESEPOZS2
color factor Hunter b in said coloration of %3-d test subject; and : .
conparing the neasured val ue of said at 1east one col or f act or conpri ses
conparing the value of said at | east one color factor with a range of
acceptabl e values of said at |east one color factor that are i ndi cative of

the presence or ab : el -y A acoi oo if the
measur ed val ue of . H ct m innsr-ae br !Eﬂ!d@ }
sai d range. 139. 157 < progess dccaf thdg |igr aey <@g OfyCl al
6rr2at38ri62§; \7m4tﬁra(7:(5) ek 3 f - hfa e $66 et

< Al L Ul
col or factor conpr L s 9 t or {A\h <65 3 I
substantial |y that [.A82 i n k8 cl8H 5 <68 lor 204 dimst
subj ect; and 143. |57 to <60 17 conpk? nol §he a88d of-Schan

in said at | east ofir440l |87 fract«®0 Loms i ses fjco 0 Ng edrado «gBUe wig h a

range of val ues of [s880 |97 Qo l«®® Pr 1ange it haf 184 € I 48l iideds OF Z ne |
presence or absench!mm ubj FTg2 T 0| & (&g 10geq] 11 & e

measur ed ' ~52—valjue
of said color factpribnaree 9083 Lo Ut e Eas2 3 !
74. The process ' i s t ng
' 149. |60 to <63 7 185. }66 to <69 ) 11
1150. [60 to <63 8 f186. |66 to <69 ] 12
l151. |60 to <63 9 1187. |66 to <69 ) 13
1152. |60 vo <63 | 10 f138. |66 vo <69 | 14
Fsz. €0 to «63| 11 §189. |66 to <69 | 15 I
154. |60 to <63 ] 12 Izso. 66 to <69 16
f155. 160 to <63} 13 191, |66 to <6% ] 17 1
|156. |60 to <63 | 14 J192. |66 to <65f 18 |
ﬂ-:.sv. 60 ta <63 ) 15 §193. |66 to <63 | 19
158. |60 to <63 16 F.sc. 66 to <69 20+
Fss. 60 to <63 17 195. x69 -5
160. |60 to <63 | 18 F.ss. 269 6 i .
1161. |60 to <63 19 197. 269 7 l
F.sz. 60 to <63 | 20+ l:.sa. 269 8 _
163. |63 to <66 -5 199. - 269 ) l
164. |63 to <66 6 200. 269 10
165. |63 to <66 7 201. 269 Y |
166. |63 to <66 8 202. 269 12 l
167. |63 to <66 9 1203. 269 13
168. |63 to <66 10 §204. 269 14 4
169. 163 to <66 11 f20s. 269 15
f§170. |63 to <66 12 ‘§206. 269 16
Izn. 63 to <66 13 1207. 269 17
. 172, |63 to <86 14 1208. 269 18
173. |63 to <861 15 209. 269 19
174. |63 to <66 16 210. 269 20+

whcn.tn the designation -5 means less than 5 but more than 4
and the duignat:l.on +12 means more than 12 but less than 13.
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the value of said at | east one color f ' neasuring the val ue
of a color factor that is dependent onﬁjm&"m@m&m Il of opponent colors
in said coloration and on |ightness of L CO st R 75.
The process according to any one of clains 66 to 70 or 74, wherein
measuring the val usv@9eM0d at | east one col or factor conprises mPETABI6AG7I2
the value of a color factor that conpri-ses a Pbst function weighted in a
first portion of the spectrum a second function.weighted in a second
portion of the spectrum and a weighting termthat is a function of

| i ght ness of "said coloration and that nodifies the value of said col or
factor. 76. The process according-to any one of clains

66, 68, "or 70, wherein nmeasuringgst hl‘fzevﬂrﬂﬁeﬁg §¢?<':65:-¢i’itn @5kt189a 96! or
fa color

factor conprises neasuring,the value of ° actor “that | dependent
on relative content oVhekgimSaid gajoration,clagses ang deternined by

77.  The.process acCpafigeg 6P viluedofoh cbROASLHELA whdch/4s0r 75,

bl orati on o acecs | reBRtintELY SRt of LALLM O dited) bVala o
in value of said at |btangesref ®fig coderofaptor values keisy boupnded by at

condi tion. _ least ond f thE¥alhescSabatat i h%uaﬁiléﬁe €6 the
claims 66 to 68, 70, wherei n nmeasuring the val ue of said at

Fathetae .
| east one col or factoF°k ?r‘ﬁ ?%’es measuring the value of a col or factor
that is dependent on relative dunten Iof BFue3Qnd3yeldbw3®n $3id45,

col orati on. 4B, 511h&4pr 899S802C6P He'@n06d)y one of
clainms 66, 67, 70, 74 or 75, wherein measuring the value of said at
| east one col or factor conprises neasuring the value of a color factor .

that is dependent on relative cfik.ed procgssecaf adeteaking asgouditionainon.
80. The process accgﬁgﬁg&tﬂ,ﬁgy oMAithon PSS @15%%61:18{:1351 anarei n-
measuring the value of p&id fln; 8 p2iGeSd Shnhifdfly TP LSS JEESUII N
t he value of a color '

(a) measuring with a color measuring
instrument the value of a color factor, said color
factor being dependent on the content of said
coloration in said color; '

(b) establishing a range of color
factor~dependent values characteristic of subjects
without said condition; and

(c) comparing with said range of values
the value of said color factor determined in said step
of measuring. . '

105. The process according to any one of
claims 50, 51, 52, 53 or 55, further characterized by
the steps of: .
(2a) measuring a lightness factor at

said first and further points in time; and
_ _ (b) compensating any exhibited change
of said color factor for significant lightness
- variations. ‘

106. The process accordihg to claim 61 or 62,
wherein the process for determining a color

REPLACEMENT SHEET -
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factor that is dependent on yellomness tion of the test
subj ect . H"Mm d| ng to any one of
clains 66 to 70, 74 or 75, mhereln e val ue of said at

| east one color factor conprises neasurlng t he value of a col or factor
that is substanti WOP6H44 of col or factor Hunter b. PCT/IB96/00732
- 63- 82. The process accordr%@rto any one of clains 66 to

71, 74 or 75, wherein neasuring the value of said at | east one col or factor
conprises neasuring the value of a color factor that is dependent on
redness of the coloration of the test subject. 83. The
process according to any one of clains 66, 68 to 71, 74, or 75, mherein

measuring the value gha3Ritediat?atoliddad o kBShEL FOTNARERITASIL N0
subRgt

the value of a color fTactor_conprrs unc a first
portion-of the spect COHEnGharagterictimdn énhﬁéiﬁﬁ%ﬁﬂllFP§$ ®Stportion

of the spectrum the color factor being further dependent on |ightness of

the col qration of the test subj T, e
according to either claim66 0?620 v el &s° rﬁﬁc‘ @léé'egﬁn%z’sﬁﬁ ﬁé'a

value of a first col sherginothenprecess m&gttemunémgmtcmrcol or factor
Hurterfb ?nd mLhehprQﬁﬁ&&c}%ﬁ?BEicC§?$?ﬁ£§ﬁ§ &e BE?QQtﬁbﬂ&*ﬁﬁmﬁ&n@n&eﬁond
color factor which is st an at .of _C ac nt

conparing the neasur é:c? %C{éﬁﬁis%]e %"8&"?%\5?&“\’7#{ %Q’JPSEgE“SF
val ues of said secondsbalbﬂmﬁacgsrantnﬂi(ﬁﬁﬂﬁ subdgecthe process only if the

nmeasured val ue of said second color factor lies within an acceptabl e range.

85. The process according to ne of clains 66.t0 4 or 75
wherei n measuring the val ue oflgg i@ﬁ RESESSS, °8596?9fégnﬂﬂylfﬁﬁpFFses

measuring a col or factleimgaBQe 53, 54, 55, 56, 58: 60 or 94, further
characterized by the steps of: calibrating the color
measuring instrument by providing a colored tile with

' color and spectral characteristics specific to the

color factor value to be measured, measuring the
coloration of the tile to produce measurement
indications and adjusting the measurement indications
of said instrument to correspond to preselected values .
when measuring the coloration of the tile. '

109. The process according to any one of
claims 50, 55, 56, 58 or 59, wherein the process of
detecting a condition in a test subject comprises
detecting a condition in a biological test subject;

110. The process according to any one of
claims 50, 55, 56, 58 or 59, wherein the process of
detectihg'a condition in a biological test subject
comprises detecting a condition in a biological test
subject that is selected from the group consisting of
plants and sail.

111. The process according to any one of
claims 50, 55, 56, 58 or 59, wherein the process of
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which is substantially that of color factor Hunter a. 86. '
The process according to any one of cumumﬂ“u)mu‘ 4 or 75, wherein
measuring the value of said at |east conprises neasuring a
color factor value that -has a first fufctfon méﬁgﬁted in a yellower ortlon
of the spectrum andV@4E¥Bnd function weighted in a bl uer porti onPETIBIG6R0
spectrum 87. The process acce®8t ng to claim66, wherein
the condition is a nedical condition that includes a synptonmatic,

detectabl e change in a test subject's coloration; and further characterized

by step (a) conprising establishing a baseline neasurenent for said test
subj ect by neasuring with a color neasuring instrument a value of said at.

| east one col gr fact ﬁuﬁﬁdﬂ“%&l@&‘te&ﬁbtaﬁttﬁe(ﬁdﬁ?%ﬁﬁlﬁ %&s tiassuel,
synmptomatic, detectable ¢ atLon res m t he nedi ca
condition is general I§* 1;??’5 ﬁf’ay 9§ ié B¢ % @@fl gﬁﬁﬁgﬁtep (e)

conpri sing conpari ng the val ue of said at | east one color factor baseline
neasur enent and said value of said at | east one color factor at said
further point in tinme to determ ne whether there has been

-64- exhibited a change therein ot_g_giggngLﬂlnﬁd.nagnltude for that

particul ar test subject. The process according.to
claim70, further characterized by e$mamku§hs n Beplasethe of col or factor
val ues characteristic of subjects wit Ml“ g tion and conparing wth

said range of values the val ue of sal color factor determ ned
in said step of neasuring. The process according to
any one of clainms 66, 67, 74 or 75, further characterized by the steps of:

30DEC 9% | |

iHL
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neésurfng a lightness factor at said first and further points in time; and
conpensating any change in value of said at |east -one color factor for:
significant |ightness variations. -3 ~90. The process
according to claime66, further characterized by step (e) conprising _
conpar iy %Qm%fé VA e fF 1&‘1?;@89&91” e@eag.slgaﬁ%e&meth%@eg rbacdQr v th stored.
col or es’ that conprise p]u oration C asses Rat are
coIoratehmabﬂmtﬁnnnnmasiwagteehq;quaﬁfdr|gbteesﬁng and measuring a skin The
process ccor fo c 0 ther ract.eri zed.h b) conprising
conpar i°R Fhigﬁ%§%ﬁ¥%&@ Fﬁi ?n fiPm pu Fga§? Q%R?€§ﬁ1&¥u$5@$5¥ Wwith a range
of val ues of sai drlﬁIs I:.easheoaaearﬂ_ald)bff aC%Qdeﬁh@éeEtfeﬁ:l pkbcediirsaiandct s

wi t hout, said condit d:process for detecting a
cond t 18R CERMSATS a?aje&&%vemw &S’HHFLFF‘GHUM SFAFIResH PR Hat i c,

det ect ghheacOb LI id by ERBLBF OLEScdtahal of thbecdddid ildhabsi @c&.égte%ub ect
nmeasuring the value of a color factor in the coloration of the subject t he
|rnorov@ﬁEhde@#¢%YQﬂﬂﬁ'écPéFFZ@Eﬂ%Er%#%@egFeps e¢ndition. The methods and (g)
conpi | i h I .

(b) gg%??%‘??ﬁﬁf \%ﬁf t]ﬁ! gg&ﬁﬁ? nessPeerr%glgg{r) cg"f - g’%# gr'gvalsﬁé’lrsgl%ge at

| east onepeatimoth v\fh;rctlhexampleﬁ dxxc igivehoaboee, ihasc bepar caoried thtaat

| east qne nt l-o asur nstrur f urther

col or f&ctor™ :ﬁ’alm’a o \@k‘e cof gga : o b?gsfc's?ﬁoj atraﬁg\e/f%@la 4 i ght ness
measure col or factios dzlaslcuesuré h:bints.zs dpﬁ&ﬂgﬁs No.™ 5,311,293 and®3,313The7

process according to cla 2, the process bejn the_detection of
hyper bi*ERFROPRRFTEERG G °Fe§?‘ sﬁ#‘eectdbéls‘é‘ﬁe’o’n s’%‘ chiE’d"f SPACFON Yt 0% GPest
Sgg]eruszQeDé@Géééignlng individuals to one of several color compatibility

cacegories as a means for determining compatibility with non-skin
objects of various colors. | _

The disclosure of U.S. patent No..4,909,632 of Macfarlane
teaches the measurement of blue to yellow ratio in skin coloration for
the purpose of classification of an individual in categories of color
compatibility. Non-skin matter is classified for its compatibility
with the skin coloration of individuals thus classified.

The disclosure of U.S. patent No. 4,029,085 suggests a
method for determining bilirubin concentration in blood serum by
measuring skin reflectance at a number of specific wave lengths in the
visible spectrum. The patent does not suggest the measurement of one
or more color factor values, the establishment of a range of color
factor values for comparison with a measured value, the measurement of
a color factor at different points in time and determination of a
change in measured color factor value or the use of a lightness
measure color factor value for detection of a condition in a test
subject.

The disclosure of German offenlegungschrift DE 38 27 457 Al
suggests measuring pigment-bearing elements in_skin.layefs'or in hair

by measuring “remission,” which is to say return radiation. The
. [REPLACEENT i
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ber ng further characterized by the steps. of: (c)
measuri-ng wWith a color nmeasuring instrunent a val ue -of each of- the

l'i ghtness measure and further color facggrts in the skin coloration.of the.
test subject, the lightness measure col or factor val ue being substantially
that of color factor Hunter L and the further color factor val ue being

subst a t (d)
conpar Pél%aﬂ%'ltneq%?lﬁrgégg ]?é eII &%tig%}g@?ug% her n%gge?a¥%%e[ os’renvsvrotr gOIr ange of
accept a@ésmnea:leuesectrahr tnferrtdler. cTherddamemt that wentifomsndsenof ulijeect s
havi ng oIoratron 0 pondrn to the rtrcular Teasyt d_val ue of
oo SRR £58, PPl SR I RRGEREep SRR by Wt Bt iR
measur enbwa}em ahezai dsfudstﬂ:arcmaborsffméwrsﬂdu&a basmé&utredombsr sy tdfe

range, v@ere ifd ra e of acceptable values is, selected fron})ran es
Subst ant i Fepigat prrpREcs mentioned Nox \jp itgAid vHat |SRRESFap Tedions Ny

Hunt er éhoul'd“ﬁeerdelﬁeéted fof?aﬁy arBiéhldr purpose. HMoretirerQ €RE -5 2.
<27 . measurement of a color factog ggd:gatlve ;% a medical condition, or
any condition, is not described.

Other publicatiens, such as those cited in the above-listed
documents, fail to suggest the measurement of_ change in a reliably
measurable color factor value, or a quantification of the measurements
that will indicate the condition for purposes of comparison, or the
effect that lightness has on the measurement, and how that effect can
be successfully addressed.

B F T I

According to this invention there is provided a method and
apparatus.for detecting and quantitatively measuring a condition
affecting the color of a test subject. The method includes measuring
at least one color characteristic of the.subject.

In one exemplary procedure according to this invention at
least one skin color characteristic is measured at least at first and
second points in time. To test for hyperbilirubinemia, the two
measurements are then compared for change. In the preferred procedure
a second skin color characteristic is also measured. On the basis of ”
this measurement the subject can be assigned to one of plural’
categories among which varying amounts of change in the first-
mentioned skin color characteristic are indicative of the presence of-
a medical condition. The first characteristic is then observed for a
change of measured value sufficient to indicate the medical condition
for a subject'in that category. Preferably, a base reading of at

 least the first color characteristic is first made at a time the

subject is without characteristic skin coloration.
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3.
36.

<27
39.

27

42.

27

45.

27

48.

30

51.

30

54.
24.
57.

33

60.

33 t

63.

<27 7 35. 36 to <39 7 4. <27 8

36-t0 < 9 . . . - +37. 36 t0.<39 - 9 6.
10 jijlmu lﬂliluummﬂg o< do7. 4y o490

36 to 12+ 40. 36 to <39 12 9.

to <30 - 36 to <33 13 10. 27 to <30 6

36 to <39 14 11. 27 to <30 7 43. 36 to <39 15+ 12.

to <30 8 44. 39 t o CGidiths -5 13. 27 to <30 9

39 to <42 6 14. 27 to <30 10 46. 39 to <42 7 15.

to <30 11 1.
9,530 11 . iAn appara’ﬁ?s fo?%et&&mﬁ‘h?condltxoﬁ 1ﬂ§test glfb_p&é'-t xﬁﬁféh 133r'idmon10 18

t o inglgdesda symptomatic, detectable Emngain the testi ubj ect’.‘kl:olkﬁatlorﬁ ﬂlet appmﬁls being of
39 t 12 20. . 30 to <33
to tgggmdgncludmg means for mgg;%ngg tlgq)valquof at lepst ong cologé‘aqtgr lggge géoratlon o

Iyt it g bbb vinibfioiedly, ) oo 6 2% 3510 She s

42 to <45 7 26a) 3fhem féBﬁmaﬁmng, at a first pomt inSfine, 4% alue of4bleast ond 27.
to <36 _7 . 42 to <45 33 to <36 8
4 xofoy factgr in the desp subject’s méora@m sgid color factor bemg dqpfndeng at ipasigig part, an  30.

ﬁ@véggmem s pr moge 8plorsipehif pplotation; 2 1 &3 10,00 s 4y

(b)  means for measuring, at least at one further point in time, a value of

21.

' said at least one color factor in the test subject’s coloration;

() means for comparing the values of said at least one color factor
measured at said first and said further points in time to arrive at a value of change in said at least
one color factqr; and _ |

| (d) means for comparing the value of change in said at least one color
factor with a preestablished measure of said at least one color factor value change evidencing
said condition. | | |
2. The apparatus according to claim 1, wherein the test subject is an infant and
the condition is hyperbilirubinemia; further characterized by said means for measuring, at least at |
one further point in time, comprising means for establishing a baseline measurement for said

infant by measuring a value of said at least one color factor in the infant’s coloration at a first

" point in time following birth when jaundice resulting from hyperbilirubinemia is generally not

present in an infant, and said means for comparing comprising means for comparing the value of
said color factor baseline measurement at said first point in time with the value measured at said
further point in time to determine whether there has been exhibited a change therein of a '
predetermined magnitude for that particular infant, _ '

| 3. The apparatus 'accordmg to either claim 1 or 2, further characterized by said
means for comparing the values of said at least one color factor comprising means for comparing

the value of change in said at least one color factor with a preestablished measure of color factor




102. 51 vo <HIMINTEIABI I 0 <45 56" = ™7105." St 1o <sa’ e b7,
42 * e Lt n]164.

to <45 17 + 51 to <54 10 68. . 42 to <45 18- .

105. 51 to <54 11 69. 45 to <48 -5 106. 51 to <54 12
70. 45 to <48 6 107. 51 8% <54 13 71. 45 to <48 7
108.. 51 to <54 14 72. 45 to <48 8 | 109. 51 to <54 15
73. 4wlwechange evigencing said condition andsthat is cealatablelte ameasunsoft saiderpdition
111. 1. to <54 . .17 75. 45 to <48 11 112. 51 to <54 18
76. 4‘g‘a‘t12?sé’i’§‘°ai‘z‘“ﬁty' 113. 51 to <54 . 19 77. 45 to <48 13
114. 51 to <54 4 T3@Hpp&atus48cdi@ng tSeithef claim 1 or 2 tharaerisdll 5ydaid -~ °
79. 45 to <48 15 pf oording (G eithef claim 1 or ef%tgi.& 1575 <48<35fé

117. radansdox&dmparing/the values of said at least one color factor comprising means for arriving at
a value of changé in said at least one color factor that is correlatable, iﬁ subjects having
colorations of substantially varying degrees of lightness, to a measure of said condition that has
established clinical utility. '

5.  The apparatus according to either claim 1 or 2, further characterized by: |

means for esta’blishing a plurality of coloration classes in which a
predetermined magnitude of a change in value of said at least one color factor is indicative of
said co_ndition, said predetermined magnitude indicative of the condition differing from one
coloration class to another; and '

said means for comparing the values of said at least one color
factor comprising means for compari;ig the values of said at least one color factor measured at
said first and said further points in time to determine whether thefe has been exhibited a change

 therein of the predetermined magnitude evidencing said condition for the particular coloration
class of said test subject.

6. Apparatus for detecting a condition in a test subject, which condition
includes a symptomatic coloration, the apparatus being of the kind that includes means for
measuring'the value of at least one color factor in the coloration of the subject; the apparatus
being characterized by: - |

(a) means. for measuring a value in said test subject’s coloration of at
least one color factor, said color factor being dependent on said coloration; and

(b) - means for comparing the measured value of said at least one color -
'factor with a predetermined range of values of said at least one color factor to determine whether
said measured value of said at least one color factor evidences said condition in said test subj ect.

7. - The apparatus according to claim 6, further characterized by said means for

' meaéuring the value of said at least one color factor comprising means for measuring a value in

said test subject’s coloration of at least one color factor, said at least one color factor being
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81.

119.

84.

122.

87.

125.

90.

128.

93.

131.

96.

134.

45 to <48 17 118. 54 to <57 8 82. 45 to.<48. 18+
8 vo <M. s co Ss7 0088 as'eo’sss’ 7
48 to <5 54 to <57 11 85. 48 to <51 7
54 to <57 ¢ 12 d6.° 48 tO <51 8 123. 54 to <57 13
48 to <51 9 124. 534 'tO <57 14 88. 48 to <51 10

54 to <57 15 89. 48 to <51 ? <57 16
dependenton sagizcoloratlon and being corrq:latablg, indest subqutsé‘@vmg&g) qrathrgﬁof 13

sippep el Varying degiéesof B fesof i, to measy ofgit cqpiticPugints,

cmcglqm«f@) -5 95. 48 to <51 17 _ 132. 57 to <60 6
to <51° 18 _ 133. 57 to <60 7 97. 48 to <51 19
57 to <608. 8Theappatsus accagnling to(ciaim 6, further chg@stenzwmt&atzao 9 99.

51 to <54 -5

137.

condition. .

136, 0 <60 10 t
57 to <60 11 101. sa.gilquysfgrzgneasgnng theva ueo sggil at lgaft ?xbe%oégr factoi2

comprises means for measuring a color factor value which is substantially that of color factor
Hunter b in said coloration of said test subject; and
said means for comparing the measured value of said at least one

color factor comprises means for comparing the value of said at least one color factor with a

. range of acceptable values of said at least one color factor that are indicative of the presence or

absence of said condition in a subject to determine if the measured value of said at least one color |

-~ factor lies inside or outside said range.

9.  The apparatus according to-any one of claims 1 to 6, wherein said means for

measuring the value of said at least one color factor comprises means for measuring the value of

a.color factor that is dependent on relative content of opponent-colors in said coloration and on
lightness of said coloration. '

10.  The apparatus according to any one of claims 1 to 6, or 9, wherein said

" means for measuring the value of said at least one color factor comprises means for measuring

the value of a color factor that comprises a first function weighted in a first portion of the
spectrum, a second function weighted in a second portion of the spectrum, and a weighting term
that is a function of lightness of said coloration and that modifies the value of said color factor. -

11.  The apparatus according to any one of claims 1, 3, or 6, wherein said

‘means for measuring the value of said at least one color factor comprises means for measuring

the value of a color factor that is dependent on relative content of opponent colors in said
coloration. '

12.  The apparatus according to any one of claims 1 to 6, 9 or 10, further
characterized by means for establishing éplurality of coloration classes in each of which a

preestablished magnitude of change in value of said at least one color factor is indicative of said
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Hunter L Hunter b 139. 57 to -

NO. cer
;?3 2, <66HIIIIIH"IIHII?LH!IIWL" <6§7 N T

to <66 57 t'o <60 16 : 178. 63 to <66

20- - 143. 57 to <60 17 - -35- 179. 66 to <69 -5 144.. 57
to <60 18 . 180. 66 to <69 6 145. 57 to <60

19 - © 1B81. Tt&ﬁapparau&gaccording t3 any DUG of claims b ta:d b, 9 ord@, wherein

182. 66 to
<69 said mgans qutgeasuggg the \@glge of saldsat?east one color factfé 2omp%%est ea.ilg gor

10 149
o asunrgé) tneQahfedbf a cé%gr fagtr tha that is élgpendl-ﬁ@on re%v%‘lé?ﬁﬁgb of; ‘%lue< %l%d yelIUS@m 60

187. sgﬁdoqbrsﬁ&l 13 152. 60 to <63 10 1188. 66 to
<69 14 153. 60 to <63 11 6 15
154, 60 to-<63 14. 12 The apparatus accorc_igggto a%oqq)of;tggmsl 2, gﬁé or @gvhereéﬁ to _

;8:23 éé xpsangé‘gr measunngjtgelga.lue %%éf?d aftggas{ one %é&' fac%g @ompﬁ@estrﬁeéﬁ%r 14 66

to <6 the valiwdof &Qortﬁ tobth gnt‘eﬁ
uring the v a v at is defendent on relative cohfbhit of f&d and in
b0+ Teaguring the vahit dependent or [err] 69 -5 160 60

t 0 <63aid coldration. 196. [err] 69 6 161. 60 to <6
197 [err] 69 ! °

5" 163 6b to Usg The sppasatus a°°°“{mgt°1§§f°“e°[(%é"}5f‘ﬁ“8§ 2,6,90r 1§ Whgrein 52[1%] °

to ,<6 Qneans f0r measuring the valué8Psaid atl184sk bR color factor cdRiprises means for measuring

the value of a color factor that is dependent on yellowness of the coloration of the test subject.

66 to

16.  The apparatus according to any one of claims 1 to 6, 9 or 10, wherein said
means for measuring the value of said at least one color factor compﬁses means for measuring
the value of a color factor which is substantially that of color factor Hunter b.

l7. The apparatus according to any one of claims 1 to 7, 9 or 10, wherein said
means for measurmg the value of said at ‘least one color factor comprises means for measuring
the value of a color factor that is dependent on redness of the coloration of the test subject.

18.  The apparatus accordmg to any one of claims 1 to 7, 9 or 10, wherein said .
means for measuring the value of said at least one color factor comprises means for measuﬁng
the value of a color factor comprising a first function weighted in a first portion of the spectrum
and a second function weighted in a second portion of the spectrum,‘the color factor being further
dependent on lightness of the coloration of the test subject. '

19. The apparatus according to either claim 1 or'6, wherein said means for
measuring the value of said at least one color factor comprises means for measuring a value of a-
first color factor which is substantially that of color factor Hunter b, and the apparatus further
comprises means for measurmg a value of a second color factor which is substantially that of
color factor Hunter a, means for comparing the measured value of said second color factor with a
range of values of said second color factor, and means for continuing the detecting of the

condition only if the measured value of said second color factor lies within an acceptable range.
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165. 63 to

: 201. [err]69 11 166. 63 to
R i||||||||||i|| Bl cerpges T3 e s T
203. [err 68. 63 to <66 10- C 204,

[err] 69 14 169 63 to <66 11 S 205. [err]69

15 170. 63 to <66 12 ' -36-206. [err] 69 16 171. 63
to <66 13 207. [err]69 ~ 17  172. 63 to <66
14 208. Thp@pps}rs@ls according 1¢8any dﬂdﬂof cléifistito650 or 10,Gherein said

209. 17 210.
[ er r]d8ean 0 gﬁlr m%!énn%\ﬂéeﬂ@lw ?fr%ldo@ﬁ?agh%m ¢lor. f&“ﬁ’é‘é?fgpll‘%é $e2Rs, foranessuring e

Lhan bofdfifadibivatio wilidh'is Sibstabially RiAP of BII6r ABRPHUARY! | €5 than 13.

94. In a procesal.for Tmetappmmslagcomdmgk@an)cm@ﬂﬁlamwt_m@; 9toh ¢0j wheremesarint
being means for measuring the value of said at least one color factor comprisles means for measuring at
least one color factor value that has a first function weighted in a yellower portion of the
spectrum and a second function weighted in a bluer portion of the spectnim.

22.  The apparatus according to claim 1, wherein the condition is a medical
condition that includes a symptomatic, detectable change in a test subject’s coloration; said '
apparatus being further characterized by means for establishing a baseline measurement for said
test subject by measuring a value of said at least one color factor in the test subject’s coloration
when the symptomatic, detectable change in coloration resulting from the medical condition is
generally not present in a test subject, and sa.1d means for comparing comprising means for
comparing the value of said at least one color factor baseline measurement and said value of said
at least one color factor at said further point in time to determine whether there has been-
exhibited a change therein of a predetermined magnitude for that pé.rticular test subject.

23. The appai'atus according to claim 6 further characterized by means for
establishing a range of color factor values characteristic of subjects without said condition and
means for comparing with said range of values the value of said at least one color factor
determineci by said means for measuring. _

24. The apparatué according to any one of claims 1, 2, 9, or 10, further
characterized by: '

| m,eans'for measuring a lightness factor at said first and further points in
time; and ' | o . |

~ means for compensaﬁng any change in value of said at least one color
factor for s1gmﬁcant hghtness variations. |
- 25, The apparatus according to claim 1, further charactenzed by said means
for comparing the value of change in said at least one color factor comprising means for

comparing the value of change in said at least one color factor with stored color changes that
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ch.ar actﬂeri zed bﬁ t he steps (a) conpi | i ng a

of 3 _
group of Iigilll 5H ﬂﬂﬂ H“I" or factor value ranges; and . :
(b) associ at® ’ i ght ness neasure col or factor val ue range at

| east one value of a further color factor for use in conparison with at

| east one measurement of that further @dror factor value in the coloration
of a test subject having a |ightness neasure color factor value within said
r ange. comprtise a plurality of ggjorationiedespesdbatzse ealomtidhsyithin wiryingranges pfiligitness. 94,

further character,.zed t he .ranges gonpiled-in.ste a) . bei sel.ect ed
from among range£%s ubs?g?l EPRAratys gﬁﬁf%&”&#ﬂf‘bﬂ ﬁ?@?@?%ﬁﬁ'&eggy said means

Hunt er fde cﬁm}aﬁﬁé e thlasuidd wiud Of sarPatdehst OneHMior factor comprising means for 36 tO
<39,39 to <42,42 to <45,45 to <48,48 to - <b1, 51 to

<54, 540mpari;tt'g’7the Hreasared 6alue®ftsaid<ab Bsast one color factor with a range of6aluepofsaidat 66
to < 6 The process_ according to either

, .and > 69, .. . 96. |

claim E?gstcﬂnegﬁ!orff‘a?tmhﬂ%qﬁmsae@é shbjegis pythout said condition.
said |ightness sur . ' BE ) ' tially
t hose of col or P??i Or‘i‘hﬁ%@a{mﬁ%?ﬁ%&%&ﬁgwﬁﬁd&&t& . Eito%?b%glﬁ,%ﬁﬁ%e val ue
of sai chdragtéied intheyy factor in step (b) being substantially that of col or
factor Hunter a, and the rel ationship between the |ightness neasure col or
factor value ranges and assiid means formenswringdhovalue of said etleast ongyesloyfactor

bst ant i al.l iwalent t.o the,fallowng: ... .
SHﬂ nts efgq_rhgnse\é nieuns Y6r I%Qasungg aﬁﬁmrg?ct%\’\\n/aﬂge which is substantially that offgl((rcfpctpré ss)
to 44 Hunterb in said cdldr@tidPof said test subject; and 45 to 54
4 to 18 55 to 59 . 51to 25
60 to 71 (or nore) said meansdfoSComparing the value of chalige in Fdié apleast ens

S S o iaPL S e hmaaog Bshily SR s A2 DY i gpen et
- change that are indicative of the presence or absence of said condition in a subject to determine if
the measured value of said color factor change lies inside or oﬁtside said range.

28. _ An apparatus for detecting a condition of a test subject, which condition
includes a symptomatic, détectable coloraiion, the apparatus b‘ei_ng of the kind that includes
measuring the value of a color factor in the coloration of the subject; the improvement being

. characterized by: |
means for compiling a group of lightness measure color factor
value rangésg and R
| means for associating with each lightness meaéﬁre color factor
value range' at least one value of a further color factor for use in comparison with at least one
measurement of that further color factor value in the coloration of a test subject having a
lightness measure color factor value within said range. | _

29.  The apparatus according to claim 28, the apparatus being for the detection
of hyperbilirubinemia in a test subject based on skin coloration of said test subject; the apparatds
béing further characterized by: - |

said means for measuring a value of each of the lightness measure

and further color factors in the skin coloration of the test subject comprising means for
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-70- is suqstantlal Iﬂ that of color factor Hunter L; and
. Ji

said at |ea !!lﬂﬂﬂmu' H””m( or factoer in.step (b) haV| ng a value which is

substanti al actor Hunter b, and the relationship between
sai d |ightness measur & ‘col®or factor val ue ranges and sai d associ ated
further color factor. val ues bei-ng subsggntially equivalent to the
fol | ow ng:

measuring a lightness measure color factor value being substantially that of color factor Hunter L
and a further color factor value being substantxally that of color factor Hunter b;
said means for assoclatmg comprising means for comparing the

measured value of said further color factor with a range of acceptable values of said further color
factor that are found in subj ects having a skin coloration correspondmg to the particular
measured value of said lightness color factor in said test subject to determine if the measured
value of said further color factor lies inside or outside the range; and

| means for sto_ﬁng a range of acceptable values sélected from ranges

substantially as follows: . o~
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3

[

T 0 A A

[ No. Huncer L | Huncer b yquncer L | Yunzer b ;
1. | <27 33./36 ca <39 -5
2. <27 34.]36 o <39 3
3. <27 35.136 co <19 7
4. <27 36.| 36 co <19 3
5. <27 37.(36 co <39 9 '
F* 6. <27 38.}36 to <39 10 4“
7. <27 39. )36 co <39 ir. |
8. <27 40.).36 o <39 12 i
9. |27 co <30 " 41.]136 to <39 13 ﬂ
10. |27 rto <30 42.|36 to <39 14
11. |27 co <30 43.|36 co <39 1S+ 1
12. |27 o <30 44.|39 co <42 -5 E
13. |27 to <30 45.|39 co <42 6
14. |27 to <30 46.]39 to <42 7 :
15. |27 ta <30 47.139 to <42 | 8 ~ﬂ
16. [27 to <30 48.139 to <42 9
17. |30 cao <33 49.)39 -to <42 10 '-h
18. 30 ta <33 50.}139 to <42 11
" 19. |30 co <33 S1.]39 to <42 12 I
| 20. |30 to <33 52.[39 co <42 | 13 |
i 21. [30 co <33 S3.139 to <42 | 14 _ g
22. 30 co <33 54.139 to <42 1S+ - -
23. |30 to <33 55.]42 to <45 -5
24. |30 to <33} S6.|42 to <45 | &
25. |33 ta <36 57.| 42 ta <45 7.

. 26. |33 ta <36 S8.| 42 -to <45 8 i
i 27. |33 to <36 59.}42 to <4S 9 i
n 28. |33 ro <36 60.]42 to <45 10.

"29. |33 ta <36 61.]|42 to <45 11.
30. |33 to <36 <45 12
31. |33 co <36’ <45 13
32. [33 to <36 <45 14 ;j
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P No— Hunt 5 L  ‘Hunter b ! No. Hunter L

| Hunter b 1. |||||nﬁﬂ|| IIHLI'HH“T[e”] N 332736' tg <39 o] -5 2 <:23;

. c : 36. 36 to <39 8
! 5. <27 37 36 to <39 ! 9 6. @ <27

10 . 38. 36 to <39 10 7. <27 b1 . 39
36 to <39 11 ﬁ | '

L L ~o. | Huncar L | Huacar o |’
[ 55. 142 co <45 15 [I35_—_—I_:Z_:§:-—_-_-____"
55. |42 =o <45| 16 f103. [s1 co <54 3
57. |42 to <45| 17  Loa. [S1L co <54] 10
68. |42 o <45 | .18+ 1os. |s1 co <54| 12 I
59. |45 to <48 | -5 fl106. |[S1 co <S4 12
70. |45 co <48 6 [Lo7. |s1 co <54 13-
| 71L. |45 co <48 7 108. |S1 co <54 14
| 72. |45 tco <48 8 109. |SL to <54 | 15
73. |45 co <48 9 . 110. -}51 to <54 16 |
74. |45 to <48 | 10 _ #111. |S1 co <54 | 17 I
75. |45 to <48 | 11 f112. |51 co <54| 18 i
76. |4S to <48 | 12 H113. |51 co <S4 | 19 1
77. |45 ta <48} 13 f114. |S1 co <s54] 20+
78. |45 to <48 | 14 #11s. |s4 to <57| -5

#116. |54 co <57 6
f117. [s& co <57 7
f118. [S4 co <57 8

79. |45 co <48 1S
80. |45 to <48 16
81. |45 to <48 17
I 82. |4S to <48 | 18+

119. |54 co <57 9
.83. |48 tO <51 -5 120. |54 to <57 10 h
84. |48 to <51 6 121. |54 ta <57| 11
85. |48 to <51 7 122. |54 to <57.| 12
86. |48 ro <51 8 . 123. |54 to <57 13
87. |48 ta <51 9 124. |54 to <57} 14
88. |48 ro <s1| 10 ¥125. |54 to <57] 15
89. |48 to <51| 11 $126. |54 to <57) 16
k‘so. 48 to <SL| 12 - §127. |s4 co <57| 17 i
91. 148 tao <51} 13 128. |54 co <57 18 B
9Z. |48 to <51| 14 129. [S4 to <57} 19

93. |48 to <51L| 1S
94. |48 to <51| 16
95. |48 to <51| 17
96. |48 to <51| 18
97. |48.to <51| 19
qua. 48 to <51| 20+

99. |S1 ta <54| -S

100. |51 to <S4| 6
f1o1. |s1 co <s4] 7

f130. sS4 to <57| 20+
131. |57 to <60 -5
liaz, 57 tao <60 6
{133.- S7 ta <60 7
134. |57 ta <60 8
¥13s. |57 ta <60) 9
136. |57 to <60 10
137. |57 co <60} 1l
138. |57 tao <60 12 1




8. <27 ' 12+ 40. 36 to <39 . . 12 9. .27 to <30 -5

i £ 27 MR ARTRERD *” < -<3"123‘ % toi<so isi 1o 27 to

-5 13. 27 to <30 9
45. 39 to <42 6 14. 27 to <3o 10 . 46. 39 to <42
7 15. 27 to <30 11 - 47. 39 to <42 8 16. 27 to <30 .
12+ 48. 39 to <42 9 17.. 30 t¢ <33 -5 49.
39 to <42, 10 1%fifffftfjfff:_::] . .
11 109. 30 _t¥P < Huncgr L | Huncer b |51, l 390;01 HHmeer gj Pgac 5Q II <33
8 . jf139. 5?5%%&5@ 13 13 1. O[693ca <s8| -7 |
2 t03;45#—4”% 3720 BaP 0 1 s ler c 4§633?12§gi:e—4 3
12+ 141. BER7 %9 cf0gg 1S 6lf 25 | LBR. 1 n633RC <694 -3 ! 57.
42 to <45[142. [576z0 390t <BS -~ f178. {63 cegesdd { 235 8
27. 33.th143. | S77to <60 17 59.142 t0r¥A5( 66 co 9689. '33 to 4B6 -
8 1aa. 9P57%€0 360> 18 10| 291180 [ Pe&Po <699 . | 61
42 to <45 T 0 o 0 62—t I 12
31. 33 thidsg §715° <83 19 oo 42 f4Bkycl 66 ta £894- uzn to ‘<36 .
12+ 146. lg37 B9 60445 20+ 1 182. |66 tcao <69 |
147. |60 to <63 -5 . 183. |66 to <69 | 9~ |
1148._ 60 to <63 6 184. |66 to <63 | 10
149. |60 to <63 7 185. |66 o <69 11
150. | 60 to <63 8 H1as.- 66 co <69 12
151. |60 cto <63 g 187. |66 to <63} 13 i
152. |60 to <63| 10 188. |66 to <69| 14
l153. |60 to <63| 11 189. |66 to <69 | 15
f154. |60 to <63| 12 ¥190. [66 to <69] 16
155. |60 to <63 | 13 ' 191. |66 to <69| 17 - |
156. |60 to <63 14 . H192. |66 ta <69 | 18 i
157. |60 co <63} .15 = | 193. |66 to <69 19 |
158. |60 to <63 16 194. |66 to <69 | 20+ i
159. |60 co <63| 17 195. 269 -5 -
160. |60 to <63|. 18 196. 269 6 i
161. |60 to <63] 19 f197. | 269 7 !
162. |60 to <63 | 20+ 198. 269 g . |
163. |63 to <66| -5  f1s9. 269 | - 9
164. |63 ta-<66}. ‘5. 200. 269 10
165. 63 ta <66 7 20%. 269 11
f166. |63 to <66 8 202. 269 12 '
167. |63 ta <66 9 203, 269 13 |
168. |63 tao <66 | 10 §204. 269 14 |
169. |63 to <66| 11 205. | =69 15 i
170. |63 to <66 12 206. | - 269 | 16
171. |63 to <66 13 207. 269 17
172. |63 to <66 | 14 Y20s. 269 18 i
173. |63 ta <66} 1§ ]209. 269 19 |
174. |63 to <66} .16 . !210.. 269 . 20+

thrnin the designation -5 means less than 5 but more than 4
and the dcsi.qna.t:ion +12 means more than 12 but less than 13.
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NO. Hunter Hunt er Hunter L Hunter b 65. 42 to

103 z—f’tJllllll“llllllllUIllllﬂ‘lﬂLz 1o be eee arip s e T

68. 42 to <45° ‘18% +105. 51 to <54 ~ 11 69. 45 to <48

-5 106. 51 to <54 12 7042- 45 to <48 6 :

107. 51 to <54 13 71. 45 to <48 7 108. 51 to <54

14 72. 45 to <480. Infn apparatus for detétthinin 4 color shdracteridtic; e imptovérfent48

9 . 110._ 51 to <54 16 74. -45 to <48 10 111. 51

t o <54being gharggerizeddpyt o <48 11 112 51 to <54 18 76. 45

to <48 12 45 to <48 3

154 %51 toosa  20(g iegus fop cmaing a gyoup f ightteds ifepsité coloy fadtor ¢/

-5 79.valdrah@ess4Bd 15 116. 54 to <57 6 80. 45 to <48

16 117. 54 to <57 7 81. 45 to <48 17 118."

54 to <57 8 82. 4B t ome4ss for a&@dating with each liglgtnessSneasure<®lor factold 83.
< - <

ig 1'_[ ° &q pnge, yt least ppe value ojf a further co]to(r) fac&t_)o7r for us%(%n %gmpaggon with gtjleast omg3

measurement of that further color factor value in the coloration of a test subject having a
hghtness measure color factor value within said range.

31.  The apparatus according to either claim.28 or 30 further characterized by
said means for cominlmg comprising means for compllmg ranges that are selected from among
ranges substantially equivalent to the following: |

Hunter L =< 27, 27 to <30, 30 to <33, 33 to < 36,

36 to < 39, 39 to <42, 42 to < 45, 45 to <48, 48 to

<51, 51 to <54, 54 to <57, 57 to <60, 60 to <63,

63 to <66, 66 to <69, and > 69. _ _

32.  The apparatus according to either claim 28 or 30, further characterized by:

said means for compiling comprising means for compiling lightness
measure color factor values substantially those of color factor Hunter L; and
. said means for associating comprising means for associating the value -
ofa furthef color factor which is substantially that of color factor Hunter a in a relationship
between the lightness measure color factor value ranges and associated further color factor values

subétantially equivalent to the following:

Hunter L Huntera
24 (or less) to 44 4t016

45 to 54 41018

55t059 o 5t025
60 to 71 (or more) _. 6 to 30.

33. The appa.rattis according to either claim 28 or 30, further characterized by:

said means for compiling comprising means for compiling lightness
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55. 48 t

122. 54 to <57 _ 12 86. 48 to <51 8
123. Eﬁﬂ"“l“@ﬂ“l "" 48 to <51 . 9 " 124, 54 to <57 .14
g6, 48 t 125. 54 to <57 15 89. - 48 to.<51 - 11
126. 54 to <57 16 90. 48 to <51 12 | 127. 54 to <57 17
ol. 48 to <51 . 13 128. 8A-to <57 18 92. 48 to <51 14
129. 54 to <57 19 93. 48 to <51 15 130. 54 to <57
20+ 94measiBe tolozfactor valigs being substantiall those o7 color fftfor Huntér I95md 48 to <51
17 132. 57 to <60 6 96, .48 to <51 18 133’

57 to <60 7 97. 48 (s8idseans foragsociating comprisygmeans for ssegating at lasgs

‘113 6t Y ﬁ?é;[i%'thg%gélor fafbor P(%mg ]aé%lute vﬁ%&i&& sugﬂgnuallygthgt of co?oﬁ'[a,&ofé\}ntﬁ)b sy

11 10lrelativhship béf»ﬂzeen said/lightness measure colb® ?actorEJZldeQaﬁgeQ and bdid associated further
-73- Hunter L Hunter b Huncer L H Huncer b
color factor values substantially equivalent to the followmg
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139. 57 175. 63 to <66 17  140. 57
176. _fR.t0 <66 .18  141..° 57 to <60

to <60 i‘ Ill“ / L - . -
Mlllll |HlljﬁH|||° <66 Lo MpisTrese 18 et

178 63 t 143. 57 to <60 1 _
<69 . 144. 57 to <60 18 - ~ 180. 66.to <69
6 145. 57 to <60 - 19 | 182. 6p to <69 7 146
57 to <60 20+ 182. 66 to <69 8 147. 60 to <63
-5 183. 66 to <69 9 148.! 60 to <63 6
184. 66 to <69 10 149. 60 to <63 7 185. 66 to
<69 - . =5er =6 8
12 151} . Jugcer Huncer b :
60 to <63 10 [ <27 188. 6 .36 col4is
11 2. |1327 66 tp <68 5 | Ib4|3600atig6B 512 - |
190. 66 tjo <PpY | <2710  [[oo. 7 OO T <61| 351P36 co <39 | 391 §0 to18
5655 60—tT - Q-
157, 60 forbs oo2g 8 & ﬂan3§h§€9°évé3gﬂao 3450160 to
<63 16 S. <27 104l gB 10 < 3036 95839 ko 1% <53 1 17
195. [ enlr]6® <27.5 ° 16010 60 td <6y 38.p36 to <39 10196
[err] 69 7.6| <2¥61. 6D tn1<63 19 39.]36 co <3%9). Li[err]§9
Zb igg TP, <p3<27 20+ 12+ - f| 199 40lP86/ 88 <39 | 18 163 636
-' . i J 1
200. [e r]éh 1_4L.1367co <39 . err]69
11 166. 6390 o#> 42. | 36, £A0 <39 145" 63
to <66 | 4i. 43.]363c01689 | 63151 <66l "10
204.  [enr|@, . 44.[39 to <42 ] -5
I 13. i 45.]/39 o <42 6 1
| 14. § 46.]39 co <42 7 |
| 1s. N 47.]39 to <42 8 -
I 1s. 48. |39 to <42 9
17. - 49.]39-te <42 | 10
18. 50.}39 co <42 | 11
'”'19. 51.|39 co <42| 12
20. 52.139 to <42 | 13
- 21. 53.]39 to <42 | 14
| 22. 54.)39 to <42 15+ ﬂ
l_23. 55,42 ta <45 | -5 |
24. S56./42 to <45 | 6
: g 25. 57.|/42 to <45} 7.
& 26. S8.]/42 tao <45 8
27. 59.]42 to <45 9
g 28. 60.|42 ca <45 |  10.
_29. 61.|42 co <45 | 1L. P
i_39. 62.|42 to <45 | 12
3L. 63.]42 ta <45 | 13 .
32. I 64.[42 to <45 | 14

e
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169, éB*to 266 11 205. [err]69 15 170. 63 to

S [ e

[err] 6 * ¢ 38 "178. * 63 to <66 15 - 2009. [err] 69
19 174 63 to <66 16 210. [err]i69 20+ \Werein
the designation -5 neans less than 5 but nore than and t he designation

+12 means nore than 12 but |ess than 13. j'
- 74- 98. The process accord| ng to ¢|ther claim92 or 94,

further chiifag.eT]l &4 e 04l Adacer o

subst ant i af —-——-:-———--———: ————— S IA-L I | ;__; ________ e AT
factor val fie38andet2 hﬁnﬁ‘*s nges of vl ue 1&26 ‘él-or-of <SAd 8 i d

substanti afl | §$5t-hdt3Ddic2ot 5 |f adtor Hurt er 1,03 he| processStdrt het congdtisiong .
the step grasyrangdy<amndtryvent afval faqag. al ¢ol es kaeatljor substangially

that of cofOgglaqlyy JANILE T 3.Sal dtes %1501 eFE1 550843t I OM
99. The pql' 80. bﬁl.]l?lyl.l 1 '1%' 98t whir-e é Eé: oL gt{~o S a't\r‘!
i i ch or sldcﬂ\ﬁ Q_S_Itg

coloratio . i
est abl i shihg78.pll&Sal4a v<8 lcol &ration cl §38%. thst fackBdd a ¥4 rst ass
colfqrod aci 91 whi eB4ils skbstantfjally

of skin cd| ovati grshaa ngpa jval e of
bel DSt L8] kg49L aigl-a sgcond -
e FEV A 2T ga:tég‘t;#“ g : -

that of a IRESEE T Lgal or
11L. |S1 co <54 17

H112. |51 co <54 | 18 -ﬂ'
113. |51 co <S4| 19 :
f114. [S1 co <54 20+ i
#11s. |54 ta <57| -5
116. |S4 to <57 8
117. |54 to <57| 7
118. |54 to <S7| 8
119. |54 co <57 9
120. |54 to <57) 10

col or

cl ass of <oty IUII LELLL® P A
subst anti IJ(I3U1£14 CS s3d L 9

74. |45 to <48 10

" 75. |45 ta <48 | 11

76. |4S to <48 12
i 77. |45 co <48 | 13
78. |4S to-<48| 14
79. |45 to <48} 1S
8G. |4S to <48 | 16
81. |45 to <48| 17
82. |45 to <481 18+
83. {48 to.<S51| -5

84. |48 to <51 6 f121. [S4 to <57| 11
8S. |48 to <51} 7 122. |S4 co <57| 12
86. |48 ta <51 8 123. |54 to <57] 13

87. |48 to <S1 9
88. |48 to <S5l 10

§124. |54 to <57| 14
¥125. |54 to <57] 15

89. (48 to <51} 11 §126. |S4 to <57 | 16
9G. |48 to <51| 12 f127. |54 to <57} 17
91. |48 to <S1| 13 128. ]S4 to <57 18
92. |48 to <51 | 14 129. |S4 to <57 19
93. |48 to <«S1| 15 . §130. ]S4 to <57| 20+
94. |48 to <51) 16  -# - J131i. |S7 to <60) -S
95. |48 to <51} 17 '132. |57 ca <60} 6
96. |48 to <51] 18 - ’133. 57 to <60 7
97. |48 to <s1| 19 134. |S7 to <60 8
98. {48 to <51| 20+ § P135. |57 to <60 4
99. |51 to <s4| -5 136. |57 to <60) 10
100. |SL to <54] .6 - §137. |s7 o <60] 11
f1zoL. [51 co <s4 7 138. |S7 €a <60} 12
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fract or Hunter L above substanti all ! . 100. . The process
accordi ng ' if t her cﬁégacterl zed by said col oratlon cl.asses .
bei ng defmml lmumamu i onshi p between the val ues of said color factor
which is substariti @ |y that of color factor Hunter L and the values of said
color factor which is substantially that of collor factor Hunter b, said

rel ati onship being substantially equivalent to {the foll ow ng:

No. Hunter L Hunter b No. Hunter L erb. 1. <27

-5[err] . 23 lb. b <29 .09 .

<39 6 || 3We. {2Huncer L | Huncer b

8 (13930
<39 9'[-40
11
<39 121 141.
142,
f L43.
’144.
145.
146.
147.
148.
}149..
150.°
151.
152.
FEED
I 1s4.
155. 191. |66 to <69 17 1
‘ 156. 192. |66 to <69 | 18 [8
157. 193. |66 to <69] 19 i
158. 194.. |66 to <69 | 20+ - |
1ss. 135. 269 -5 I
',160'. 196. 269 | 6 |
161. 197, | 269 7 B
l162. - 198. 269 e |
_uzsa.  EEER 269 | +9
164. 200. 269 10 i
F.ss. 201, 269 11 1
j1es. 202. | =269 12
ﬂxsv.‘ 203. | 269 13
168. 204. | 269 14
- Hies. . 20S. 269 | 18
" ﬂ 170. 206. 269 16 -
171. 207. | =x69 17
F-’lz, -§208. 269 18
- ¥173. [ 209. 269 19
H174. 210. 269 | 20«

Wherain thae dasignation -5 means leas than 3 but more than 4
and the designation +12 means mora than 12 but less than 13.
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9.

27 to <300 =5 41. 36 to <39 13 '10. 27 to <30 6

42. 36 to <3 <30 - 7. =43, 36 to <39 . -"'1-5+” 12.
27 to <30 5”Ill"ﬂ"ll “I""Ilimﬂr 39 to c42 -5 13.¢ 27 to <30 : -9 - :
45. 39 to €6 L14n 97 "to <30 - 10 46. 39 to <42 7 - 15.
27 to <30 39 to-4%42 8 16. 27 to <30 12+
48. 39 to <42 9 17. 30 to <33 -5 49. 39 to <42 10 18.
30 to <33 634.  The appara88.ac@ading teéizther claim 28or 303 Gurther sh?afi‘acterizeil by |
. 20. . <33 , 8 1.
gé . et gsérther coéorlt%ctor galue gglgé %ul?)sgaquall)g that of ¢olor fagtor }g@tqrg) aggjhe h glltgess
o4, %Qea"s&r dtor fadtai valde é obdu -5 24.
30 ¢ Tmeasd e 1r2i va ranggé)b 1R%ﬁ§ges of v gﬂes oé‘ aézglor f%cé bsﬁ%&ﬁa@lyiﬂégf
57. 4lordactdisHunte7 L2the apﬁa-ams frliter compfising means for mEzSum@a trdue;éﬁa coloB 27.
33 tg <36 ... .7 . to <45 :
60. %Qct?lbw@,gg is sql@taggally g-gt pgcq%factor Hynter L i m sa1d test@gbjeggis qqgorgq@ 11 30.
33

63.

t 22 <§ g <45 105 3Tl§§2appa§°§“st63%°°’5§§1§ @ cf?@l 34, bherietn saléioltoga?oiﬁs ‘212?, 11 14

coloration and said apparatus is further characterized by means for establishing a plurality of
.coloration classes that include a first class of skin coloration having a value of color factor which
is substantially that of color factor Hunter L at or below substantially 51 and a second class of
skin coloration having a value of color factor substantially that of color factor Hunter L above
substantially 51.

36. The apparatus according to claim 35, further characterized by said
coloration classes being defined by the relationship between the values of said color factor which

is substantially that of color factor Hunter L and the values of said color factor substantially that

- of color factor Hunter b, said relationship being substantially equivalent to the following:

"
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!

No. Huncer—t—Hunter b No. Hunter L ~ Hunter b 65. 42 to <45

g S LR
51l to <54 11 69 |45 to <48 -5 o
106. 51 tO <54 12 70. 45 to <48 6 107. 51 to <54 13

71. 45 to <48 7 108. 51 to. <54

14 72. 45 to <48 8
109. 51 to <54 15 73. 45 to <48 9 110. 51-to <54 16
74. 45 to <48 10 111. 51 to <54 ! 17 75. 45 to <48 11
112. 51 to <54 18 76. 45 to <48 12 113. 51 to <54 19
77,45t 4= - i - y
115. 54 _ 6
.80. 45 t¢{ <418. . 136 7c®1¢39 45 _t <48 .
118. 54 {0 q57 . § <48 ]18+ 34, |36 o199 |54 t <57 ] 9
83. 48 tﬂ - : L9 3%, [3d %5219 40 1oy <OI 16
121. <57 — 7 e | 12
FA 36. |36 cd419
37.|36 co <39 9 :
38.[36 co <39 | 10

i 39.]36 co <39 11 . |
40. |36 co <39 12 i
41.)36 to <39 13 R
42.136 to <39 14

43.]36.co <39 15+

44.139 co <42 | * -5
45.139 to <42 6
46. 139 to <42 7
47.]39 to <42. 8
‘ﬂ 48.]39 co <42 9

49.]39.-co <42 10
50./39 to <42 | 11
S1.]39 to <42 12
39 co <42 13
'§3.]39 to <42 14
39 co <42 1S+
S§5.|42 ta <45 -5
56.142 co <45 &
§7.]42 to <45 | 7.
S8.|42 to <45 8
59.]42 to <45 9
60.]42 ca <45. 10.
61.]|42 to <45 11.
62.{42 Lo <45 12
- 63.|42 to <45 13
l.fﬁf 42 to <45 14

S — e

ey
elwin
- L]

f - — -~
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- 86.

. 48 to <51 8 123. 54 to <S7 19 87. 48 to <51 9
124. 54 to <57 - 14 88. 48 to™#8T 10 7 125. 54 to <57
89. 48 to Hmmmm“mulm”m 126. 54 to <57 16 90. . 48 to <51 12
127. 54 to 8 to <51 13 128. 54 to <57
92, 48 to <b1 ‘14 " 129. 54 to <57 1f 93. 48 to <51 15
130. 54 to <57 20+ 94. 48 to <51 16 131. 57 to <60
95. 48 to <51. 17 132. 57 to <60 48 to <51 18
133. 57 to <60 7 97. 48 to <51 19 57 to <60
98. 48 t puekbm—rd £ 57 e 5T =] -
136. 57 | ‘ 4
| 00. 51 12/ =3 <45 .t 57 {INo.
Hunter L MEPNTEI420 =g <45 NO. yghuntelf L = 460 -
13 | 57.7132 2 44510017 7 [Toa. |sL co <34| 10 i

68. |42 co <45 | 18~ S1L co <54 i1 N
- 69. |45 to <48 -5 S1 co <54 12 i
70. {45 to <48 6 S1 co <S54 | . 13 i
T71. |45 to <48 7 L co <54 14 |
72. |45 to <48 8 51 to <54{ 15 g
i 73. |4S to <48 9 51 co <54 16
| 74. |45 co <48] 10 151 co <54 17
|l 75. |45 to <481 11 S1L to <S54 | 18
i 76. {45 co <48 | 12 5L co <54 | 19
4 77. |as co <48 13 51 co <54 | 20+
| -78. |45 co <48 | 14 54 ta <57) -S
I 79. [45 co <48| 15 54 ca <57 6
I 80. |45 co <48| 16 sS4 to <57 7
i 81. |45 to <48| 17 54 to <57 8
Il 82. |45 to <48 | 18+ 54 to <57 9 P
| 83. |48 to <51] -5 54 co <57 | 10
| s4. |48 co <51 6 54 to <57) 11
| 85. {48 tco <s1 7 54 to <57 -12
i 86. |48 co <51 8 54 co <57| 13
87. |48 to <Si 9 54 to <57} 14
l'éa. 48 to <51] 10 54 te <57] 1S
g9. |48 to <51| 11 S4 to <57] 16 |
90. |48 ta <SL 12 54 to <57 17
91. |48 to <S5 13 54 to <57 18
92. |48 to <S1| 14 54 ta <57| 19
93. {48 to <S1] 1§ S4 to <57 20+
94. |48 to <51| 16 57 ta <60 | -S
- 95. |48 €o <51 | 17 57 ta <60 6
“96. 48 to <51} 18" 57 to <60 7
97. |48 to <51} 19 57 ta <60 8
98. |48 to <S5l 20+ 57 ta <60 .9
99. |SL ta <54} -5 57 to <60 | 10
100. |S1 tao <S54 6 ST to <60 1l
S1 to <54

15
18
-5

8 .




140. - 57 to <60 176. 63 to <66 18 141. 57 to <60 "
15 _50- 19 . 142. 57 to <6Q  -16- | |
178. ~ 63 t*m&mmwﬁ Ili 57 to <60 17 179.- 66 to <69
-5 144 180.. 66 tlo <69 6 145. 57 to
<60 181. 66 to <69 7 146. 57 to <60 20+ |
182. 66 to <69 8 147. 60 to <63 -5 183. 66 to <69
9 148. 60 to <63 6 184. 66 tq <69 10 149. 60 to
<63 7 185, 5 1
18@- 66 tjo ¥69 Hunddr L ﬂlunc@Q' bO <6q "No. 9| guncer & | %8Acerf6 fO <69
13" 152. : 18§ . 60
to <63 |33 |S7 =9 <pRg L75. °¢Rﬁ5°+69-;e-<63_ 12
190. 66 Jdvﬂbg 57 2o £60.| 158 60 Ho <pB76. 183 co <681 31 6 to.
<69 17 14156 57680t @6863 15 14 l177. 183. cob6&68d <693 118
157. 60 qp14353 571680 <60 | 16 193. 63F§¢3<6 53 collss [15820-60 (p <63
%85 . 57080 960 17 “UT)  PT79 oPe6 co0des | 15 160
6 161 Fk$§11 L83 co 0] 97.)|18Qr 16§ O <69 7 462 %0 to
<63 20414S. |S7 £o1980 | [ 169 188. |663to B88%l <65 -
199. [erfhG%. [S7 ca9<60764.2063 (ol <66/182.6/66 ca <69 | 2008  [er}] 69
iges 165. ’;ﬁa,to éabc‘iei“ ’c.-.. o 20 i?&jffr ,39°°Uj59 %9 “’bnll 63 to
203. [er Pa8. |60 €93<63 gz 6 g2y fl gl L8440] 66 Lo <63 | 510 i ]69
14  169. || 189 4 ol &@6C0 <43 7 204 185 er { p69Ca <69 | 1511
| 150. |60 ta <63 8 186. |66 to <69 | 12
151. |60 to <63 9 187. |66 to <69 | 13
152. {60 to <63| 10 ”188. 66 to <69 | 14
153. |60 to <63 | 11 . 189. |66 to <69| 15
154. |60 to <63] 12 §150. |66 to <69} 16
1s5. |60 co <63 | 13 H191. |66 to <69|. 17 .| - -
l1s6. |60 .ta <63| 14 ﬂlsz. 66 to <69 | 18 a
1157. |60 co <63] . 15 ~f193. |66 to <69 19
f1s8. |60 to <63 | 16 194.. |66 to <63 | 20+ i
i 159. |60 to <63} 17 BISS. 269 -5 -ﬂ
160. |60 to <63}. 18 196. 269 6
161. |60 to <63 | 19 _1197. 269 7 {
|162. |60 to <63 | 20+ 1.198. 269 g8 -
163. |63 to <66 -5 199. 269 - - 9 ﬂ
164. |63 to <66 6 200. 269 10
165. |63 to <66 7 201. | =269 11
166. |63 to <66 8 202. ‘269 12 | .
167. |63 to <66 9 203. 269 - 13 -
.ﬂxsa. 63 to <66 | 10 204. 269 14 §
169. |63 ta <66] 11 205. 269 15 g
170. |63 ta <66 |. 12 ] 206.. 269 16 l;-
171. |63 to <66] 13 ‘207. 269 17 |
. ulvz, 63 to <66| 14° - .. f208. 269 18
. #173. |63 to <66| 15 209. 269 19
H174. |63 co <66} .16 214. 269 20+

e

Wherein the designation -5 means less than 5 but morae than 4
and the deaignation +12 mca.ns mo

but less than 13.
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170 6éto 206 [err] 69 16  171. 63 to <66 .

: < ] . :
%'38. [err] 69 lili“”"i“zﬂg mﬂuw 63 to <661372' 123 Ho <6 %619 terr] 69

19 174. 63 to <66 16 o 210. J[err]69 20+ \Wherein the
desi gnation -5 nmeans | ess than 5 but mefk than 4 and the designation +12
nmeans m)re than 12 but |ess than 13.

- 78- 37. 1(the appatatmspronrding taanyond o@cl'amsamﬁ, @Rer 30, futthens 66,
2, furt char acterized by the process, conprigsing, detecting a
cond| t [ ﬁch“é’e%S?SI se‘%eén%ﬂbi‘@éfat“s for detecting a Condltl?mm a biolggicabtest ess

accor dig@idep claim 101 further characterized by detecting a condition in a
bi ol ogi ca‘f test subject that is a human, animal, plant or soil test

subj ect . 38.  TheGPparatubhecqrdinges slada 3Ty firti@r tRaradtatizadbylthe f ur t her

characterized by detecting a condltlon In a biological test subject that is
sel ect cAPPAFABHH RS & NFratenHior detetinga conditionsin acbie qabtp.sts@mthammmir

and teef Q: The process according to claim®66, further
char acteri %léglag§/°%§°11 teftas)ubéegfrprl sing neasuring as a baseline neasurenent a

val ue of said at sgastThe p‘@it@éaécéfdxﬂ%tdélaﬁ%?' fuRtfiér cHaPicBéized by MeOr ati ON

at a first point in tine ent e s omatic, detectable change in
col or atanpﬂtaﬂéshﬂmg anyappataing f%dn@ding\a canglititin mcabmkagg:ahtnsa*db}ecnﬂtat isrseteeted i n
a test accor dthng to either claim

52 or Jf‘@’rﬂ?é‘? cRpsiFing s SBiyetions, body Hds, i ard tes
40. The apparatus according to claim 22, further characterized by said means

for measuring the value of said at least one color factor comprising means for measuring as a
baseline measurement a value of said at least one color factor in said test subject’s coloration at a
first point in time when the syniptomatic, detectable change iri coloration resulting from the
medical condition is generally not pmsenf in a test subject. | | ,
41.  The apparatus according to either claim 5 or 12, further characterized by
said coloration classes being determined by ranges of 'valﬁes of a color factor which are
substantially those of color factor Hunter L; said rariges of said color factor values being
bounded by at least one of the values substantially equivalent to the following:
Hunter L =27, 30, 33, 36, 39, 42, 45 48, 51, 54, 57,
60, 63, 66 and 69. .
42. An apparatus for evaluating a test subject based on the coloration of said test
subject, the apparatus bemg characterized by: .

- means for measuring a value of a first color factor in said test
subject’s coloration, said first color factor being dependent on the lightness of the coloration of -
said test subject; and

means for measuring a value of at least one further color factor in
said test subj ect’s coloration, said further color factor being dependent on the relative content of
opponent colors in the coloration of said test subject;

wherein at least one of the color factor values compnses a value of
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said coloration classes bei ng determ ned by ranges of values of a col or
f act or- whi Chmmlﬂﬂmnﬂ“mml t hose.of color factor. -Hunter. L; said ranges
of said colo i ng bounded by at |east: one of the’val ues

substanti al | y "eqli val eht %o *the fol | ow ng: ' Hunter L
= 27, 30, 33, 36, 39, 42, 45, 48, 51, 5% 57, 60,
63, 66 and 69. 106. A process of evaluating a test subject

based e#idichlor fagter that eonrelatesstaiadneasute ofichjoration havingestatdished bortory utility.
characterized by nmeasur ng with a

col or measuring i hst r ﬁ'hgﬁppagatyapgﬁgrgpgéo ¢laim A2, fyriher ‘f‘?iél?‘%ﬁ‘ng meany rt est
subj eCEoﬁ %?ﬂ% nés ured ¥afhef | bf sdid & t%lo% (g.r anﬁ%'aﬁgatggagegﬂéaﬂﬁﬂlgpc&l&efactor

| i ght ness oratlon of said tes

(b) iwethsa ran g ofiw dlhessafl sdidolmr factossthiti ang foumﬂtm trecdlonativns ofsubjecttotherabin
one further caql.or fagctor ﬁal d test subject's coloration, _ said further
col or FHAMEs SERIscyt chéﬁ‘md% ® Wifn paid sanspdhe Brerayred yalugsofsaidheolenfagios i n
the cokgqration of said test subject; wherei n at

| east one of steps (a) and (b) conprises arriving at a val ue of said col or
factor that corr edat G'Fhéipp&rdtﬁ%dbﬂniléto%b%éfof@&uh@\lltﬂﬁ 9st(Rabios hgd

| aboratory utility. The process accordi ng to claim

106, f whemm said mans forgneasuring ﬁw valueafiapalonfactoheomprisas meeing finrpaking a seti d

first c factor and at st.one further gol or factor

ot G ey s loitar Velie i inbies Gr enereE e estiuist of rilinie
col orag:daggﬁ.eﬁgnﬁubj ects other than said test subject, to determne Wnere
wi thin sald range the neasured val ues of said col or factors lie.

108. The process 4¢ Khedippgratus azogrdingdo elaiml 28, fietlE charadtdrizetthy §4id atllefst one
107, : . .
further color factor value being substantially that of at least one of color factor Hunterband
color factor Hunter a, and the relationship between the lightness measure color factor value range

and the associated color factor values being substantially equivalent to one of the following:
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mul.tiple neasurenents of the coggr factor value and av grng each Set

312“ 1E:JIF’)![ ﬁe““lmmlﬁl“ﬂ mlumLy said at | eig? on-el-hl?uf'[ ﬁgres;acc;‘o# g?}?g}"b@aﬂj

bei ng subst ar‘itlélly that of at least one of color factprlHenter—b—ane

™1IorTrec ot Aarmtu v | Or

factor Hunter a, and the relationship between the |ightness neasure col or
factor value range and the associated col or factor|val besTberng
substantial ly equival ent to one of the followng: -

CATEGORY NAME L - a b
Min Max Min Max Min Max

Giack | 0.00]14.00-10.00] 3.00-10.00] 500}
Darkest Dark Brown 14.00 16.00 |-10.00 3.00 |-10.00 1.'oo—|
Darkest Dark Brown 14.00 16.00 }-10.00 3.00 1.00 1 .
Darkest Dark Brown 14.00 16.00 |-10.00 3.400 1.18 .
Darkest Dark Brown 14.00 16.00 |-10.00 3.00 1.28
__———-—#—__—

Darker Dark Brown 16.00 | 19.00.;-10.00 3.00 }|-10.00
Darker Dark Brown 16.00 ] 18.00 |#+10.00 3.00 2.70
Darker Dark Brown | 16.00.{ 19.00 {-10.00 3.00 2.35
Darker Dark Brown | 16.00 ] 15.00 {-10.00 3.00 3.20
Darker Dark Brown ' i 2.00 | 3.00 }-10-.00
{Cool Auburn Tones) : .

Darker Dark Brown 16.00 | 19.00 2.00 3.00
{Warm Auburn Tones)

wher ei n neasuring the value of a color factor conpri seé{EP&JAGH/{ﬁN‘E&H%a "
f

|

|

.4

3.20 | 10.00

Brown 119.00 | 22.00 |& 0.40 6.00

{lBrown 19.00 | 22.006. | - 0.00 6.00
Brown 15.00 { 22.00 0.00 6-.00
||Browa ' 19.00 | 22.00 | "0.00| '6.00
Brown "19.00 | 22.00 3.50 6.00
(Warm Auburn Tones) _
Brown 19.00 | 22.00 3.50 6.00
{Cocol Auburn Tones) —
Medium Brown ' 22.00 27.00 1.00 6.00
Medium Browa . - . | 22.00 ) 27.00 1.00 6.00
Golden Med. Brown. 22.00 | 27.00 6.00
Golden Med. Browmn - 22.00 | 27.00 6.00
Madium Brown 6.00

(Warm Auburn Tones).

Medium Brown
(Cool Auburn Tones)

Darkest Med, Blonde | 27.00 28.00 .80 6.00
Darkest Med. Blonde |.27.00 28.00 1.80 5.00
Darkest Med. Blonde [i27.00 | 28.00 | " 5.00 6.00

: [ ] ..‘ s.oo
Darkest Med. Blonde 7.27.00 | 28.00 1.80
1.80

Medium Blonde '28.00 | 31.00 6.00
" fMedium Blonde - | '28.00| 31.00 | 1.80] S.00
IMed. Golden Blonde f:28.00 | 31.00 | s5.00) 6.00
IMed. Golden Blonde | 28.00 | 31.00 | 1.80| 6.00

22.00 | 27.00 | 3.s0| 6.00




" AVENDED SHEET Y NAME.

5,00 1200 | [N M e o Mo o,

-10.00 3.00*-10.do " 1°00" Darkest Dark Brown
1.00 1.15

CATEGORY NAME

Lightest Med. © 31.00 33.00
Blonde ’
.Lightest Med. 31.00 | 33.00

Blonde

Lightest Med. 31.00 33.00
Blonde :

Lightest Med. 31.00 | 33.00
Blonde .
Light Blonde 33.00°
Light Blonde - | 33.00 | 368.00

fLight Blonde 33.00 | 36.00
Light Blonde 33.00 | 36.00
— e ——.

lLighte: Blonde - 36.00 | 40.00

e ———

Lighter Blonde 36.00 | 40.00
Lighter Blonde | 36.00 | 40.00
Lighter Blonde 36.00 | 40.00
Lightest Blonde 40.00 | s0.00
|Lightest Blonde 40.00 | 80.00
Lightest Blonde 40.00 | 80.00
Lightest Blonde .| 40.00.| 80.00
fLight Red 22.00.| 28.00

- | Light” Red . 22.00 | 28.00
[Light Red | 22.00 | 28.00
Light Red . '22.00

Medium Red .
Medium Red . 22.00
|Med. Golden Red
Med. Golden Red

] Dark Red

19.00

14.00

3.00

Dark Red . 14.00 | 19.00 "3.00
Dark Red 14.00 | 19.00 3.00
Dark Red . - | 14.00| 19.00 3.00
Red Blonde 27.00 | 40.00 6.00

Red Blonde 40.00 | 80.00 7.00




‘Dar kest Dark —Brownr—14-066- 16.00 -10.00 3.00 :1. 13T LJAWENI@EE’Fark

Br own 1 00 _%.QO_ 1. 25 . 3. 00 Dgr b.—uu.' B
16. 00 1£’Iﬁ"”"!ﬁyl Hlllzlm .00 2. 70 Darker Dar'k B ovvn ' '

19.00 -10*00¢ 2.95 Darker Dark Browni |1f ﬁﬂ? oo
3.00 2.95 - 3.20 Darker Dark Brown 16. 00 19. Ob 1 .00 ? 00 po-
10. 00 Dar ker Dark Brown 16.00 19.00 2.00 3.00 |-10.00 2.70 (Copl.

Auburn Tones) Darker Dark Brown 16.00 19.00 2; 00 l—=—66- 326

10. 00 (Warm Aubur n Tones) ' Brown 19. Ob 22.00 - 0.00 6. 00

- 10. 00~ ST e : : . =5 . :
3.20 Bfown GORY" NAHE 1l6—00—2% 04 00 o0 b B ouC

19. 00 o000 6 od Mnysl #enolg Mp | Max | Min .00

3.50 [|£188%x/Dk 4xowhiMed ([Warmnoubusae.oorjlesh.BooMWn 1 .80 |-10.00 319
22. 00 (|Brd8wh@Bro&m00 .- 10. 00 3. 45] (Cool Auburn nes) di um Brjown

22.00 [|@7.®0% - 2030Greg. 0J -10.00 3. 15 Medi um Br own 22.00
27.00 [fg1ack?PDk Broun/Med’d 27.400) B4 -&/Bdoo f oWngo {223085 |2740Q0} .
1.00 |@r&@n/adcet 4.25 Gdl den Mefl. Brow .00 27.90 1.]J00 - 6.]p0 .

4.25 ||<p.00% WediodnGBeywn | 22. 00 | 27.00 3. 5(] 6.0p 4.45 - .10.]po
(Viar m g &'éﬁéﬁﬁn%bﬂ@ﬂb&m 29%80 | sa.00 <180007" QU aa | S: &g |6 QO35

-10. 00i prdwret Aubur n |Tones) parkeat {Med. Blonde 27.00 24.00° . 80

6. 00 &/ Ofos -6908 Basiest| Med. Blonde 37.00 2B8.00 . 80 5.00 . |6.00

.6.50 Opg¥Esk/PRIBzBLATHEA 4/290002p 50.00 |-108.88 | 2.680] €.29] 10.00
Brown/Brown . ) T

w/ 70% - 90% Grey

Black/Dk Brown/Med | 23.00 | 27.00 |-10.00 1.00 }{-10.00 3.78
Brown/Brown =~ e : .
w/ 40% - 60% Grey

lBlack/D)c Brown/Med | 23.00 | 27.00 }-10.00 1.00 | 3.75 4.00

Brown/Brown
v/ 40% - 60% Gray

!Blacklnk Brown/Med | 23.00 | 27.00 |[-10.06 | 1.00 | 4.00 | - 4.25

Brown/Brown -

w/.. 40% - 60% Grey : , : .
Black/Dk Brown/Med 23.00 ) 27.00 |-10.00 1.00} 4.25 | 10.00
Brown/Brown | ' ' .
w/ 40% - 60% Gr

Grey Hair

Light- Brown/Darkest Blonde

40% - 60% Grey 4.00 | 10.00 |-10.00 | -0.08
70% - 90% Gre .310.00 | 99.99 |-10.00 | -0.08 |

Dark Red, Medium Red or Medium Light Red

40% - 60% Grey 6.00 | 10.00 |-10.00. ] -0.80

70% - 90% G "$0.00 | 99.99 |-10.00 | -0.80
-Jrnight Red o6r Red Blonde

40% - 60% Grey " 5.00 7.00. |-10.00 | -0.80
f70% - 90% Gray .7.00 | 99.99 |-10.00 | -0.80

Medium to Medium Dark Blonde 5

40% - 60% Grey 1.70 4.00 0.00 0.00

70% -~ 90% Gray . | 4.00} 99.99 ¢.00} o0.00

Light Blonde Hair ' :

40% - 60% Gray -99.99 { -0.25 | -1.75 ] -1.25

70% - 90% Grey -99.99 | -0.25 |-99.99 ] -1.75

Wherein negative values denote values less than zero. | AMENDED SHE




Dar kest Med. Bl onde 27 1.80 6.00.. 6.50 15. 00 Medi um
Bl onde tlﬁ " H " E . 6.00 -5.00 " 6.00 Medium Bl onde
E’; L

|
00

28.00 31.00 6.50 Med. Colden Blonde - 28.00
31. 00 1.80 6. 00 6 50 Jyed. Gol den Blonde  28.00 31. oo
1.80 6.50 6.50 15. 00 - CATEGORY NAME

a

Med. 31, &6 3 ThsepbaRtsgotoringdo eithersiaim 47 o3, s Soit g g eSt

g % 8 eagigi-.it%said %Mg&t onfé5 ﬁg‘gxer c@ g%cmél aﬁg conlﬁ g% edds Q‘&t xﬂéﬁsui\fﬁg the value og é 88

1. 80 said@t Dfdst orfe. faftherlidoldiFactBt thatlis dependent on relative content of blue and yellow m

said coloration. |

47." The apparatus according to claim 42 or 43, wherein said means for
measuring a further color factor value comprises measuring the value of said at least one further
color factor that is dependent on relative content of red and green in said coloration.

48.  The apparatus according to either claim 42 or 43, further characterized by
the apparatus for evaluating a test subject being an apparatus for determining a color
characteristic in a biological test subject. _

49,  The apparatus according to claim 48, ﬁirther characterized by the
apparatus for determining a color characteristic being an apparatus for determining a color
characteristic in a biological test subject that is a human, animal, plant or soil-tést subject.

50. - The apparatus according to claim 48, further characterized by the
apparatus for determining a color characteristic in a biological test sﬁbj ect being an apparatus for
determining a color characteristic in a test subject that is selected from the group consisting of
tissue, excretions, body fluids, hair and teeth. _ '

51.  The apparatus according to é.ny one of claims 1, 6, 28, 30, 42 or 43, further

k characterized by: ' "

- means for calibrating the means for measuring with a colored
sample with color and spectral characteristics specific to the color factor value to be measured,
including | | '

| means for measuring the coloration of the sample to produce
measurement indications and means for adjustmg the measurement indications of said means for

measurmg to correspond to preselected values when measunng the coloration of the sample.
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Li ght Bl onde 33.00 36.00 1.80 6.00 -5.00 7.00

“Li : Li ght Bl onde
33.Q0 36.0 7.00:" 7.50  Light Blende -7 .33.00- 36.00
5.00 6. ooG““l“Uﬂﬂ“mﬂnﬂl“l ght Bl onde 33.00 36.00 1.80 . 6.00
7.50  20.00 * Lighter "Bl donde 36.00 40.00 1.80 - 6.00 -5.00 8.00
Li ghter Bl onde 36.00 40.00 1580 5.00 8.00 8.50 Lighter
Bl onde 36.00 40.00 5.00 6.00 8.00 8.50 Lighter Elonde
36.00 40.00 s5i.8Phea sacsoﬁmgtamamu yineesin the| eolersd sampledado  go. 00
1.80 7.00 -5.00 00 Lightest Bl onde 40.00 80.00 1.80 5.00
9. 0Gsp e&t@al&@ﬂtntgtcbefmtomleamelent to thofadlowiRgs 00 5.00 7.00 9.00 10.00

Li ght est Bl onde \ﬁ (io 0 00 1.80 7.00 28 30.00 Light Red ,
22.00 28.00 6. 00 5. 00 3.50 Lig e Fact 22.00 28.00

30.00 -5.00 3.50 Li-ght+MRed— 22.00

: : 30.00  3.50
3.75 Light Red "4 %2.00_ 28.00 6.00 30.006.63.75  4.00 Light Red
22.00 28.00 6.00 30488 4 00 30.00 Medium Red | 19.00 22.00
6.00 30.00 -10.00  3.300Medi um Red 19. 00189300 6.00 30.00
3.50  3.75 Med. Col den Red 19.00 22.00 6.?3 530.00 3.75  4.00
Med. Gol den Red 19.@8022. 00  6.00 30.00 4188 30.00 Dark Red
14.00 19.00 3.03. -1%&0 2.50 Dark Red 20.56 14.00 19.00  3.00
30.00 2.50 2.75 Dark°Red. 14.00 19.00° 3.00 -30.00 2.75
3.00 Dark Red 4gb4.00 19.00 3.00 30.0@5.673.00 30.00 Red
Bl onde 27.00 40.00 = 6.00 30.00 6:80 ,30,00 Red Bionde
'40.00 80.00 - 7.00 30.890 6.00 30.00 2

520 28.24
540 27.59
560 27.33
580 | 30.12
600 . 4052
620 I 47.93
640 ‘ 51.10
660 .5'3.82
680 o 56.55
700 | | 58.87

53. The apparatus according to claim 51, wherein the colorgd sample has
substantially the following C.LE. and Hunter color coordinates:
X = 33.76
31.53
= - 2420
0.3732

Y- DR — ' |
= 5615 - [REPLACEMENT SHEET

l__"‘<.>< N
]

®
i
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CATEGO?Y NANME T a b M n

Max . J mm x Bl ack/Dk Brown/ Med 27.00 50.00 -10.00

1.80 10 0 'II '“MMJM‘EV\M w 70% - 90% Grey Bl ack/ Dk Brown/ Med - 27. 00.
50.00 -10.00 ‘1.80 " 375 4.00 Brown/Brown w 70% - 90% G ey Bl ack/Dk
Brown/Med 27.00. 50.00 -10.00 1.8658-4.00 4.25 Brown/Brown W 70% - 90%
G ey Bl ack/ Dk Br.own/Med 27.00 50.00 -10.00 1.80 4.25 10.00

Br owrhsared with tteoApecdgeotRoneiBicaciiakarkt calpulated forX. B0 staadard fllumitn00
1.00 2 an the ?931 2‘78 IEE Os\t,\an;l{:laBrdoo server. |

54, The apparatus according to either claim 42 or 43, wherein said means for
measuring the value of said at least one further color factor comprises means for measuring the
value of a color factor that is dependent on relative content of blue and yellow in said coloration.

| _ 55.  The apparatus according to either claim 42 or 43, wherein said means for
méasuring the value of said at least one further color factor comprises means for measuring the
-value of a color factor that is dependent on relative content of green and red in said coloration.

56. The apparatus according to either claim 42 or 43, wherein said means for
measuring the value of said at least one further color factor comprises means for measuring the
value of a color factor that is dependent on yellowness of the coloration of the test subject.

57. | The apparatus according to either claim 42 or 43, wherein said means for
measuring the value of said at least one further color factor comprises means for measuring the
value of a color factor that is dependent on redness of the coloration of the test subject.

58. The apparatus according to elther claim 42 or 43, wherein said means for

- medsuring the value of at least one further color factor comprises means for measunng a first
function weighted in a first portion of the spectrum and a second functio_n weighted in a second
portion of the spectrum, the color factor being further dependent on lightness of the coloration of
the test Sllb_] ect. ' '

59. The apparatus according to exther clmm 42 or 43, wherem said means for
measuring the value of said at least one further color factor comprises means for measuring a
value of a color factor which is substantially that of color factor Hunter b and, the apparatus
further compriseg means for measunng a value of an additional color factor which is
substantially that of color factor Hunter a, means for comparing the measured value of said
additional color factor with a rangé of values of said additional factor, and means for éontinuing
the detecting of the condition only if the measured value of said additional color factor lies
within an acceptable range.

60. The apparatus according to exther claim 42 or 43, wherein said means for

measuring the value of said at least one further color factor comprises means for measuring a
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"W 40% - 60% Gey Black/Dk Brown/Med 23.00 27.00 -10.00 1.00 3.75

gr gaﬂ}slr\/g\ém/ gﬂlﬂlmwmmmmmﬂ)g ey 1. 06 4.00 4.25 Brown/Br ovvn \I?v} aﬁgéﬂ( :

60% G ey Bl ackf Dk Brow®/ Méd *23. 00 27.00 -10.00 1.00 4.25 10.00

Brown/ Brown w 40% - 60% G ey -59- G ey Hair Light
Br own/ Dar kest Bl onde 40% - 60% G ey 4.00 10.00 -10.00 -0.08 70 - .
QO%QI&M'actor value #at Gub&ani®dly ﬁxitfthelorf&t&&-Iﬁaeka Red, Medium Red or Medium
Li ght Red 40% - 60% G ey 6.00 10.0Q.-10.00 -0 80 7Q% - 9 % Gr ey

10.00 99. 99 Qb 00 The@pparatusgreording to eitirslamARior 40 opherep sai S I%edi um
to Medium Ion e. % - 90% Li ght
B1 orfBEHHETE e Sigtdgast on Krptepfactof piifpises Teans fortlgasyilagd 11 0
- 0chier G ﬁlﬁé! that is substafiflalBfthat of ol fact&FHRer b.1. 75 _ Werein
negatlve val ues denote val ues | ess than zero. '

62. The apparatus according to either claim 42 or 43, wherein said means for

measuring the value of said at least one further color factor comprises means for measuring a
color factor value that has a first function weighted in a yellower portion of the spectrum and a
second function welghted in a bluer portion of the spectrum.

63. The apparatus according to any one of claims 1 t0 6, 9, 10, 42 or 43,
wherein said means for measuring the value of a color factor comprises means for measuring the
value of said color factor at different locations on the test subject.

| - 64.  The apparatus according to any one of claims 1 to 6, 9, 10, 42 or 43, further

characterized by said apparatus being an apparatus for detecting or evaluating a condmpn that
causes jaundice in a human child or adult test subject.

| 65. . The apparatus accordlng to either claim 43 or 45, wherein said means for
meas;uring the value of said at least one further color factor comprises means for measuring the
value of a color factor that comprises a first function weighted in a first portion of the spectrum,
a second function weighted in a second portion of the spectrum, and a weighting term thatis a
function of lightness of said coloration and that modifies the value of said color factor.

. 66. A process of detecting a condition in a test subject, which condition
includes a symptomatic, detectable change in the test squ ect’s éoloration, the process being of
the kind including the measixring of the value of at least one color factor in the coloration of the
subject, the process being characterized by the steps of:

(d ata first point in time, measuring with a color measuring
_ instrument a value of at least one color factor.in the test subject’s colbration, said color factor
being'dependent, at least in part, on relative content of one or.more colors in said coloration;
(b)  waiting an interval; '

(c) measuring with said color measurmg instrument, at least at one.

further pdint in time, a value of said at least one color factor in the test subject’s coloration;
REPLACEMENT SHEET
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. -83- : The process according to either claim 106 or :
107, Mere‘ir‘mllﬂﬁ“‘suﬂﬁf‘wmmasuri ng conpr.i ses nedsuring the val ue: of said at
| east one L cal o8 factor that is dependent on relative content of

bl ue and yellow in said col oratian. 111. The process
according to either claim106 or 10'ﬁ,0’v\,herei n the step of neasuring

conprises neasuring the value of said at_l|east. on btor Phedkurkdat or
that is dependent dd)rel a@rhpmn&ih_ﬁé!ﬂlﬂleﬁ)?f ate*ﬁ?ftg.rrléegéllb?% sal d col orati on.

112. The process_ accardi.ng t Lt her i BftBGngY inkaif, at fleast éreercolor
chatsaidtﬁ;sﬁ&@éa@yﬁﬂh‘é’%?‘&?égg%%%&é&u%taﬁ}r?g{a testggsubj ect being a process

for deterng'ini ng a color characteristic in a biological test subject.
113 factorany process according to claim 112

furt her ar. ' e
process for deterni (§)ng zomphing ﬂhaﬂb@tﬁﬁbﬁgednﬁé’pﬁéﬁgs%?ggéq%ﬁywm
determ ning a color charagteristic in ' i Jereifly said candition. s a
hunafpreestablished pieasire of saig ot lepst ope SOF _gagfd_r%ﬂi% ithgd ide .u@114., The
process accord'ir;g tghc#,ggggglaaﬁ,r fath BRim @6 awaereht the dest ybjers deamingnt gnd
col or charactePistit™ R & bi o ogl Cal test subject that iLs_ sel eb[ﬁfsﬁﬁxﬁfaromthe
gr ougle%%qcﬁhaﬁ i RyRibilingsinaniapfethet charesterized Y fstepi (@scomprising FRERSETE
115. he process according to any qne 0&1 chai rfg“_ﬁgasuﬁggin%&“m%ﬁgam&or
107, piselihdrpicasivementt for said infagt byrmaeaspapg wiffsaic co tomingbics
calibrating the col or asurd ng .l 10380 fREPOILY inginge wingbirtbanpl e
withoﬁs;di@atlé?ﬁ!%ﬁé@&gﬁgﬂﬁ%ﬁgﬁgﬁ’cs speéc%%é'fi‘c to the col fac& oL val ue
to be nmeasur.ed, reﬁ.ﬁﬂng from hyperbilirubinemia is generally not present in an ant, and step

when jaundice e
() comprising comparing the value of said color factor baseline measurement at said first po

time to determine whether there has been

in time with the value measured at said further point in
exhibited a change therein of a predetermined magnitude for that particular infant. o
68. The process according to either claim 66 or 67, further characterized by

step (€) comprising comparing the value of change in said at least one color factor with a

preestablished measure of color factor value change evidencing said condition and that is

correlatable to a measure of said condition that has clinical utility.

69. The process according to either claim 66 or 67, further characterized by:

prior to steps (d) and (€) establishing a plurality o_f coloration

) - . ) . r
classes in which a predetermined ma itude of a change in value of said at least one color facto

. 1 - . -. - Lyl . ﬁ nn
is indicative of said condition, said predetermined magnitude indicative of the condition differing
from one coloration class to another; and _ _ |

wherein steps (d) and (¢) together comprise comparing
) - ] C e . . to
of said at least one color factor measured at said first and said further points in time

whether there has been exhibited a change therein 'Qf the predetermined magnitude evidencing

the values

determine

said condition for the particular coloration class of said test subject. |
70. - A process of detecting a condition in a test subject, which

. the prdcess being of the kind that includes measuring the

eing characterized

condition

includes a symptomatic coloration,

value of at least one color factor in the coloration of the subject; the process b
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measuri ng the col orati on of the sanple to produce neasurenent I ndi cations:
and adj ust i ngummmﬁtmm Mi ndi cations of said instrument to correspond
to presel ect asuring the coloration of the sanple..

Ce L

by the steps of:

--(a) - measunng with a color measuring instrument a value of at least one
color factor in said test subject’s coloration, said color factor being dependent on said coloration;
and '

(b) comparing the measured value of said at 1east one color factor with
a predetermined range of values of said at least one color factor to determine whether said
measured value of said at least one color factor evidences said condition in said test subject.

71. The process according to claim 70, further characterized by step (a)
comprising measuring with a color measuring instrument a value in said test subject’s coloration
of at least one color factor, said at least one color factor being dependent on said coloration and

~ being correlatable, in test subjects, having colorations of substantially varying degrees of
lightness or darkness, to a measure of said condition that has clinical utility.

72. The process according to claim 70, further characterized in that:

measuring with a color measuring instrument the value of said at
least one color factor comprises measuring a color factor value which is substantially that of
color factor Huntér b in said coloration of said test subject; and
comparing the measured value of said at least one color factor
comprises comparing the value of said at least one color factor with a range of acceptable values
of said at least one color factor that are indicative of the presence or absence of said condition in -
a subj éct-to' determine if the measured value of said at least one color factor lies inside or outside
said range. - | - | _
73. The process according to any one of claims 66 to 69, 74 or 75, further
characterized in that: | | |
measuring with a color measuring instrument the value of said at -
least one color factor comprises nieasuring a color factor value which is substantially that of
color factor Hunter b in said coloration of sa.1d test subject; and |
comparing the value of change in said at Ieast one color factor

comprises companng that value with a range of values of said color factor change that are

indicative of the presence or absence of said condition in a subject to determine if the measured




116, T 0cess according to.
he process according to claim115, wherein the col ored sarrpl e has

e vt AR =2, T

nm

16. 67 ’
1
42093 | 440 -62- 420
o 6 | 20. 56 480
52dJue of said color factor change lies irfafde or outside said range. 27 94
28. 24
27.59 74. .. The process accordigg¢o any one of clalms 66 to 70, wherein measﬁﬁﬁg

580 27.33
40.t62 value of said at least one color factor @%ﬂs@s measuring the value of a color factor gluas is

640
3_ggpendent on relative content of opponent édloﬂsﬂn said coloranon and on lightness of saxé 60

700 56.55

acc%?%rang to claim115, 58' 87 117. Th
wh e process
the follow ng 7@ | @e@meﬁ%é&i:gtﬁgﬁglo%%cﬁﬁﬁpé@tMOr 74, whetsin anti al | y

X coordr nates
z measunngzthe Zélue of said at least one color factor comprises Measuring the value;of a color
" factor that comprises a first function weighted in a first portion of the spectrum, a second
function weighted in a second portion of the spectrum, and a Weighting term that is a function of
lightness of said coloration and that modlﬁes the value of said color factor.

76. The process according to any one of claims 66, 68, or 70, wherein measuring
the value of said at least one color factor comprises measuring the value of a color factor that is
dependent on relative content of opponent colors in said coloration.

77.  The process according to any one of claims 66 to 69, 74 or 75, further
characterized by the step of establishing a plurality- of coloration classes in each of which a
preestablished magmtude of change in value of said at least one color factor is indicative of said
condition.

78. The process according to any one of claims 66 to 68, 70, 74 or 75,
wherein measuring the value of said at least one color factor comprises measuring the value of a
color factor that is dependent on relatxve content of blue and yellow in said coloration.

79.  The process according to any one of claims 66, 67, 70, 74 or 75, wherein
. xnwsuring the value of said at least one color factor comprises measuring the value of a color
factor that is dependent on relative content of green and red in said coloration. |
80.  The process according to any one of claims 66, 67, 70, 74 or 75, wherem :
measuring the value of said at least one color factor comprises measuring the value of a color
factor that is dependent on yellowness of the coloration of the test subject.
g1. The proeess according to any one of claims 66 to 70, 74 or 75, wherein

measuring the value of said at least one color factor comprises measuring the value of 2 color

factor that is substantially that of color factor Funter b.
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X - _ y = .0. 3523

L . 56. im u! .« a =.. 905 S
b 1§ﬂmc IIIJIII.!IHIISIH asured with the specul ar conponent excl uded
and calculated.for C.1.E standard illumnant C and the 1931 2 C. |.E
standard observer. 11%$3-  The process according to either
claim 106 or 107, wherein neasuring the value of at |east one further

col or factor corB® i seEhamrasessapeording to/anyienesf claims66 o 7 14o0r 15; atherain

d dent |l o ..0f .th | or-at i f the test. | egt. '
176¢ " St SR vl 3B B g gl BB eoPramememstintiod T b 2 FRISE ur i g
the fcdRatdl déperdeAtdn Rafleds OF i loldr R of tRE teat sdr?zéséﬁri ses measuring the

val ue.of a color factor that is dependent on red s of the coloration of
the test subject83. The process according @Gy ofibef plaime66, 68cto Gl T @r76, wherehr
claim 106 or %‘87, wher ei.n asuring.the - valuye of at;least one_further

col or MeaRYHI8 B ¥pfe ol sald & {gast one olarifanion campniseymepsuaing e yalpe,PE 4 €9196f ¢ he
SPECt i A fHiHRE L Bkt FHMoh WidiRL O Phrst Porflont BF HadpBethih B 2bedold |

spect rum
' function weighted in a second portion of the spectrum, the color factor being further dependent

on lightness of the coloration of the test subject.

84. The process according to either claim 66 or.70, wherein step (a) comprises
measuring a value of a first color factor which is substantially that of color factor Hunter b and,
the process further comprises measuring a value of a second color factor which is substantially
that of color factor Hunter a, comparing the measured value of said second color factor with a
range of values of said second color factor, and continuing the process only if the measured value |
of said second color factor lies within an acceptable range.

' 85. The process according to any one of claims 66 to 71, 74 or 75, wherein
measuring the value of said at least one color factor comprises measuring a color factor value
which is substantially that of color factor Hunter a.

'86. The process according to any one of claims 66 to 71, 74 or 75, wherein
measuring the value of said at leasf one color factor comprises measuring a color factor value
thathas a first function weighted in a yellower portion of the spectmm and a second ﬁmction
weighted in a bluer portioh of the spectrum. |

| 87. The process according to claim 66, wherein the condition is a medical
condition that includes a symptomatic, detectable change in a test subject’s coloration; and
further characterized by step (a) comprising establishing a baseline measurement for said test
subject by measuring with a color méasuring instrument a value of said at least one color factor
in the test subject’s coloré.tion when the symptomatic, detectable change in coloration resulting
from the medical éonditioﬁ is generally not present in a test subject, and step (¢) comprising
comparing the value of said at least one color factor baseline measurement and said value of said -

at least one color factor at said further point in time to determine whether there has been
|REPLACEMENT SHEET




be| ng further i ht ness of the coloration of the test subject.
121. - The pro wmgl either claim106 orf 107, wherein the step of
measuri ng at coI or factor conprises measuring a val ue of -
a color fact or Whl chis substantlally that of color factor Hunter b and,
the process further conprises nmeasuri-6@ a val ue of an additional color
factor which is substantially that of color factor Hunter a, conparing the
meas xbibited lachange therein afhipnedetaainned)hragnihatetfor that pértieulantegesublect.al ues of

sai d additional §8aCt and continuing the process only if the neasured

val ue of said a iti@h@?meﬁsdxpcqrg@g@ claina J 0y fiirthen ch ar@memgtﬂ ishingge.
the ST RARTRNG: ARG cHalckRaE bl tbfeck] Bl 3eigRondfion A EofeRetE ay

col orsafdarahgs ofredlues thiivaloe ofsaid atlels A tolat fabtdr faetenaineaqh Qaidfsbepiglr Hunt er a.
123. The process according to either claim 106 or 107, wherein measuring

t he MCASURRE. e of at | east one further color factor conprises neasuring a

b O 1 ACLOT VARHE Ve bylghs acen BBy e ofclaiin 68, o 2k s, BB 106 or

107, chhReRtiRed B e dtéti dfhe vaI ue of at least one further color factor
conpri ses neasuring a color factor value that has a first function

wei ghted in a yel | owewagwingiadightfess factos pes:id first and fiartiee points fnitimé; md

weighted in a bl uer portion of .the spectrum 125.
The process accor di n@@?ﬁ‘é aﬂw%m&qla.vla@e@ése@ardﬁasme%orfwer&r 107,

significant lightness variations.

90. The process according to claim 66, further charactenzed by step (e)
comprising companng the value of change in said at least one color factor with stored color
changes that comprise a plurality of coloration classes that are colorations within varying ranges
of lightness. _

91. The process according to claim 70, further characterized by step (b)
comprising comparing the measured value of said at least one color factor with a range of values
of said at least one color factor characteristic of subjects without said condition.

92. A process for detecting a condition of a test subject, which condition
includes a symptomatic, detectable coloration, the process being of the kind that includes |
measunng the value of a color factor in the coloration of the subject; the improvement bemg
characterized by the steps of:

(a) compiling a group of lightness measure color factor value ranges;
and .

(b)  associating with each lightness measure color factor value range at:
least one value of a further color factor for use in companson with at least one measurement with
a color measuring mstrument of that further color factor value in the coloration of a test subJect
having a lightness measure color factor value within said range. _

93.  The process according to claim 92, the process béing for the detectién of

hyperbilirubinemia in a test subject based on skm coloration of sa.xd test subject; the process

REPLACEMEN] SHBET
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,/

- wherein_neasurin val ue of a color factor conprises neasuring the-
vaI ue-of s ll!u ﬂlﬂ ﬂ!bﬂj t different 1ocations on:the test subject. T
126. The ' to any one of clains 66 to 75, 106 or 107,
further characterized by said process_gonprising a process for detecting or
eval uating a condition that causes j aerdidice in a human child or adult test
subj ect . The process according to either claim106 or

107, Wmem?fﬁﬁdtbﬁéh%ﬁm@fof said at |east one further color factor

Foneti on e gt ed o ntelCr MR viin d Y o dShale WIfhnEARIARES AchloF
wei ghightndss nitasité @ndl fildttet t610r Slctdrdih the SRin'delorafiditlo FtheRést Biljed, the hghth@ékt is

a function of |ightness of said coloration and that nodifies the val ue of
sai d roeasyre doden faetor value being wibsiantially 4t of color factor Hunter L and the further color

CT/ 96/ 0Q732 . . - 86- o f h
vl udacet BRI fing sbstantiplly thag s cplgr fagtor Humerland .| S2°1 0N OL10e

27, 30,7 33, 36, 39, (. bmparing the measured value of said further color factor with a

range of acceptable values of said further color factor that are found in subjects having a skin

- coloration corresponding to the particular measured value of said lightness color factor in said
test subject to determine if the measured value of said further color factor lies inside or outside

the range, wherein said range of acceptable values is selected from ranges substantially as

follows:
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48, 51, 54, 57, 60, 63, 66 and 69. ’ ' 92. The process accordlng
to any on ' 51, 52,_ or 54, Wherein €ach of steps (a)
and (c) Cﬁm“'mnglmnlmﬂ set of mJ tipl e measurenments: of the color.
factor val tie &t each &f the respective points ifn tine and averagi ng each
set of multiple measur enent s. 93} The process according to
cl ai m 55, wherei n each of steps (D) and (d) conprises making a set of
mul tiple measurenents of the color factor val ue at each of the respectlve
points in tinme and averagi ng each set of nultiple neasurenents.

94. A process of eval uat i ng a test subj ect based on the col oratlon of
sai-d test - ; : 0 .

(a) measury i Ns

factor in § ssoo orioni .

dependent pr uc T ati o St—sufject; fand
. [

(b) masur'rnm2\11 h égjd CCI P+ ‘ i_CQ,, <33 |, 3 - st

one further_cakorl 8% or iln
color  fafto#.bdi r@Mependdnt ch the
in the colpragLon af27said tgst Subject

S& 8933 dn Jaid el ¢ her
gft . ¥ | opfdonent kol ors
36 to <39 wher@in at | east

one of st 5a) |ang7 - 10 36 to <39 10
7. | <27 11 ‘136 ca <39 11 i
8. <27 12+ 136 co <39 12
*'9. 27 to <30 -5 36 ta <39 13
10. |27 co <30 6§ - 36 to <39 14
l 11. |27 to <30 7 36 to <19 15+
f.12. |27 co <30 8 39 to <42 -5
I 13. |27 co <30 9 39 to <42 6
14. |27 o .<30 10 39. o <42 7 ]
| 15. |27 to <30 11 39 to <42 g -
16. |27 to <30 12+ 39 to <42 9 i
4 17. [30 to <33 -5 39-co <42 | 10 i
|l 18. {30 co <33 | - 6 39 to <42 11 R .
130 co <33 7 39 co <42 12
"'zo.‘ 30 to <33 8 39 co <42 13 '
| 21. |30 ro <33 9 39 to <42 | 14 |
22. |30 ro <33 10 39 to <42 ] 1S+ 1
'rzs. 30 to <33 | 11 42 to <45 | -S
24. |30 to <33 | 12+ 42 to <4S 6 i
25. |33 ta <36} -5 42 ta <45} 7. ||
. 26. |33 ta <36 6 42 to <4$§ 8 i
27. |33 to <36 7 42 to <45 9 i
28. |33 to <36 8 42 ta <45.] 10 i
ntzs. 33 to <36 9 42 co <45} 1. q
30. |33 to <36 10 42 to <45 12
31. |33 o <36 11 42 to <45 13 A
32. |33 co .1 42 o <45 14 j

e e e RE BT
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conprises arrivin val ue of said color fact dr that correl ates

@ sor O A= - 5= 5 o

-87- " 95 The process accordlng to cIa|n194 . further
conprising the step of conparing the neasured val ues of said first color
factor and said at | east one - further .color factor with a range of val ues
of said color factors that are found in the col orations of subj ect s
ot her than said test subject to detern1ne mhere,mnthln sald range t he
measur ed vait ; o Ime - .

process fot
conpri si ng

S1 <34
103. |SL zo <54
104. [S1 zo <34 10
105. |si co <54}
106. |S1 co <S4 12

1

t hgs st bpg ¢
55. |42 =90 <45 16
37. 42 =0 <45 17
68. |42 zo <45 19+

9. {45 co <48 -5

70. |4S ca <48 6 197. |51 cao <54 k]
{ 71. |45 to <48 7 flio8. |s1 co <34| 14

72. |45 co <48 8 f109. |s1 co <s4| 1S

73. |45 to <48 9

“;10.-451 to <S4} 16 |

111. |S1 co <54 17

ﬂzzz. 51 co <S4 | 18
113. |51 co <S4 | 19
114. [S1 to <54 20+

74. |45 tO <48 10
75. |45 ta <48 11 -
76. |4S to <48 12
77. 4S to <48 13

| 78. |45 to <48] 14 115. |S4 to <57] -5
I 75. |45 to <48 | 15 116. |S4 to <57 6
117. |54 to <57 7

80. |45 co <48 | 16
81. |45 to <48 | 17
u_gz. 45 to <48 | 18+

'118. |54 to <57 8
119. |54 to <57 9

_f

83. |48 co <51 -5 120. ]S4 to <57 10
84. |48 to <51 6 121. |54 to <57 11 ¥+
8S. |48 to <51 7 122. |54 to <57 12 '

123. |54 co <57) 13
124. |54 ca <57{ 14
125. |54 ta <57) 1S
- B126. |54 to <57} 16
127. |54 to <57} 17
128. |S4 to <57} 18
129. {54 to <57} 19
130. |S4 to <57 20+
131, |S7 to <60] -S
132. |57 to <60 6
133. |57 to <60 7
134. |S7 ta <60 8
13S. |57 to <60 9
136. |S7 to <60| 10
137. |S7 to <60| 11
138. |57 to <60} 12
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1 es. 48 ta <51 g

” 48 ta <51 9
sa. 48 to <51) 10
89. |48 to <51} 11
90. |48 to <S1| 12
91. |48 tao <51 13
9Z. |48 to <51 14
93. |48 to <51} 1§
94. |48 to <51} 16
95. |48 to <51| 17
96. (48 to <51| 18
97. |48 to <51] 19
98. |48 to <51 20+
99. |51 ta <54| -§

uloo. 51 ca <54 6
101. |S1 to <54 7

hr
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‘(a) conpi ht ness measure col or factor val ue ranges,
said Iight oIor f aed®Ff bei ng-substantially that of col or
-factor Hunﬂ ILH“‘ (b) :assogiating with each |ight ness
measure co om va ue range ‘a val ue of: at |least one further col or
factor for use in conparison with a measur engnt of the value of that
color factor in the col orati-on of a test subjlect having a |ightness
measur e color factor value in said range saijd at | east one further

col or facta, Least and

factor g y 3 g
;g.?ﬂggg; AT "9l 176.ode3 co<bg Ty |

177. |63 co <68

178. |63 co <&d 23«

179. |66 cQ <69 | - -5

180. |66 to <69 5

| 181. |66 to <69 7
8
9

57 o <60 15
57 0 <60 18
S7 to <60 17
57 to <60 18
57 ta <60 19
857 ca <60 20+
60 to <63 -5 -
60 to <63 6§
60 to <63 7
60 to <63 8
60 to <63 9
60 to <63 10
60 to <63 11
60 to <63} 12
630 to <63 13
60 to <63 14
60 to <63} 15
60 to <63 | .16

l L1a2. |66 co <69
fl183. |66 to <69
l184. |66 co <69 | 10
185. |66 to <63 | 11
186. |66 to <69 | 12
187. |66 to <69 13
188. |66 to <69 | 14
1189. |66 to <69| 15
#;90; 66 to <69 | 16

191. |66 to <69] 17
5192. 66 to <69 18

193. {66 to <69 19
“194. 86 to <69 20+

SRS PR T S

60 to <63 17 H19s. | =69 -5
60 to <63 | . 18 f196. 269 6
‘160 co <63 | 19 1197. 269 7
60 to <63 | 20+ ﬂ193. 269 8
63 to <66| -5 199. 269° | + 9
63 to <66|. 6 1200. | =69 10
63 to <66 7 f201. 269 11 i
63 to <66 8 i202. 269 12 j
63 to <66 | 9 1203. | =69 13 1
63 to <66 | "10 §204. 269 14
63 to <66 | 11 205. 269 15
63 to <66 12 206. 269 16
63 tao <66 13 207. 269 17
: 63 to <66 14 208. 269 18
- 63 ta <66 1S 209. 269 19
! 63 to <66 .16 210. 269 20+ |

Wherein tha dasiqnation -5 means less than 35 but more than 4
and the dcsignation +12 means morc 2 hut less than 13.




b

'CATEGOR . | | |
%0, l]l mmﬂl uI,”Mll‘ Max Bl ack - Sy 0.00 14.00
-10.00 3 00 kest Dark Brown ®14:00. ‘16.00 .-10.00. 3.00

~10.00 1.00 Darkest Dark *Brdwn 14.00 16.00 -10.00 3.00 ~ 1.00 1.15
Darkest Dark Drown 14.00 16.00 -10-6% 3.00 1.15 1.25 Darkest Dark
Brown 14.00 16.00 -10.00 3.00 1.25 3.00 Darker Dark Brown 16.00
19.00 -10.00 94. 0dn-ayyockss foralewpmiring & goloDalkdragteristic; the impaxyement xing 10. 00

3.00 .2 70 ‘bﬁ Eﬁs Dar ker Dark Brown 16.00 19.00 -10.00 3.00 2.95
3. 20 ShpsaFiea7edRy 16.00 19.00 -10.00 3.00 3.20 10.00

Dar ker Dark rown gn%@gml
Auburn Tones) - Dar kercoﬂé&ﬂ%ag\ﬂnﬂym (t)tg“ Q%Sas(l)%@ Sl facto?vZﬂer

10. O@nd ( War m Auburn Tone) Brown 19. 00 22 00 0 OO 6 00
-10.00 2.95 Brown . 'dlxg' 22.00 0.00, .6.00

3.20 Brown (b)1 9. ayocigtingith egchplightness grpasurg coler fao?rzt@mesmﬁqat

_ é 9 5 8 Qeast &%Qﬂge 8r 8 %ﬁhe@ fgﬂ’é Sac%?r@ % %glrnﬁ a-ff%°r‘,‘eW‘)th afBleaSt one measuremdf of22- 00

19. OGhat4urthét color¥Xabtdr valGe E}chel'ﬁldi’ﬁhon ot a.4t55t stbjett Hwing A lidinnes meablad icolar Br own
22.00 27.00 1.00 ' -1000 . Medi um Br own 22.00 27.00

1. 00 facterwue“sthnssaldmwo GoI den I\/Ed Brown 22.00 27.00 1.00 6.00
4.00 4.25 o 2 oo 27..00 6. 10. 00
vodium B oun 99500 YBS ot Rhondbty it ciiiin 02 o o4 Jursnd? cligtacteitadihy,

Tonesje ranges compxled in step (a) being selected from among ranges substantially equivalent to the

following:
Hunter L =<27, 27 to < 30, 30 to <33, 33 to <36,
36 to <39, 30 to <42, 42 to < 45, 45 to <48, 48 to
<51, 51 to <54, 54t0 <57, 57 to <60, 60 to < 63,
6310<66,66t0<69,and > 69,
96.  The process according to either claim 92 or 94, further characterized by:
said lightness measure color factor values in step (a) being
substantially those of color factor Hunter L; and
the value of said further color factor in step (b) being substantially
that of colc')r factor Hunter a , and the relationship between the lighhless measure color factor

value ranges and associated further color factor values being substantially equivalent to the

following:
Hunter L Hunter a
24 (or less) to 44 | 4to0 16
45 to 54 | 4t018
55t059 5t025
60to 71 (ormore) 6to 30.

97. The process according to either claim 92 or 94, further charactér_i-zed by:

said lightness measure color factor in step (a) having a value which

REPLACEMENT SHEET

13 ANz 1097




Medi um Br own ﬂmﬁ 3.50 6.00 -10.00 4. 25 (Cool Auburn -
Tones) Dar kestU‘ﬁwmnﬂnmm 0O 28.00 «1.80 -:6.00- -5.00 ~-6,00 Darkest
d. Bl onde 1*80 5.00 6.00 - 6.50 Darkest Med. Bl onde
27.00 26.00 5.00 6.00 6.00 6.50 Darkest Med. Blonde '27.00 2..00
1.10 6.00 6.50 15. 00 Medi um Bl-érde 28.00 31.00 1.80 6.00
-5.00 6. 00 Medi um Bl onde 28.00 31.00 1.80 - 5.00 6. 00 6. 50
Med. iesibstantielly that of pglopfrctaHhwger L;28d00  6.00 6.00 . 6.50 Med. Gol den
Bl onde 26.00 " 31.00 15. 00 96/ 41140

B0, £ Pt (8% 98 Pagher colo Fctast epy) haxie 2 valus whidh s
51 Sigstantially that of coldy ctor HBMr b, enlfhe veldibliship bifoben Vet hifiGRtealfEE

1. 30 colas fagyor &l@@ranges agl flidastociated further color factor values being substantially

equivalent to the following:

D
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L

ght est M 00 715 co! 6,00 6.00 6. 50 Bl onde hd
L| ght est umu 3.00-71%.00.- 6.00-. 6.00 65.00 Blonde Light
Bl onde %ﬂlllllla\llllﬂlﬂﬁ | 1.90 6.00, -6.0: '7.Q0-Light Blonde
33.00 36:00* "5%0" 7. 00 7.50 Light Blonde" --33.00 36.00
5 .00 6 .00 7.00 7.50 Li ght Bl onde 33,00 36.00 1.80 6. 00
7.50 20.00 Li ght er Bl onde 36.00 40.00 1. 80 6.00 -5.00 8.00
Li ght er Bl onde 36.00 40.00 1.80 5.00 .00 78.50 Lighter Blonde
36.00 40.00 8. 00 6.00 8.00 7.50 Lighter PBlonde 36.00 40.00
1.80 6. 00 7.50° 20.00 Lightest Blonde 40. p0 40.00 1.80 7.00
-5.00 9.00 Lightest Bl onde 40. 00 -40.00 ‘;_60 -

10.00 Ui giff &% 1§ atdiecar 1 PHACeB0L]

Bl onde N -G v I 3 ¥ e 09 s e o v A e A ' SO SOOI T
22.00 28}l0C 50 Lig 2L —66—P8 . 00
6 .00 '30, a0 360k 00
3.75 4100 3L.i 26 068.] %% oo 818 J0 74 00 1B0. 00
Medi um Re 4. 0. 5@ Medi uin Red
19.00 22J003. 6 20. 00  $2.00
6.00 30. &gggiﬁf T 00 . 00
4.00 30. [po—Bdrk —+ 00 : 50
Dar k Red 7.
14.00 19f008. 3. 2 00 H9. 00
3.00 30.P0 9.3. 18 00 3P. 00
6.00 30.§07g. 14
| Wull. 15+ |
i 12. =5
&13. 8
14. 7
15. 8 i
lF -
) 10
u 18. 11
19. 12
20. 13 |
21. 14 |
22. 1S+ i
“ 23. -5 :ﬂ
24. 6
25. 7 i
 26. 8 i
27. 9 B
28. 10.
"29. 11. ﬂ
30. 12 {
.- “ 31. 63.|42 to <45 13
ﬂ 2. - n 64.]42 ta <45 14

TFPLACEMENT SHEET |




'Red Blonde 4000 80.00 7.00 30.Q0 6.Q0 30R& e

S I, ]

Mn- Max * Mt Maxs *Mn Max Bl ack/.Dk Brown/ Med"
-10:00 1.80 -10.00 3.75 Brown/Brown w 70% - 90% G py
Brown/Med 27.00 50.00 -10.00 & 1.80 3.75  4.00° Bro
90% Grey Black/Dk Brown/Md  27.00 - 50.00 -10.00 1.80

1.00 4.25_10.00

4. 00
Brown/Brown w 70% - 90% G ey Brgck/Dk Bromn/N%di 27.00 50.00 -10l00

4.25

| No. Huncer L | Hunzer b |
12 =9 <45 1S

102. 51 =0 <54

[ No. | Huncer L | Huacer b |
—_—_—————————————*——
p .

103. |SL =0 <54

3

35
33. 42 =2 <¢4S 16
3

7. |42 to <a5] 17 104. |S1 zo <54 10 ,
e8. 42 Lo <45 19~ 10S. S1 to <354 P S
69. |45 to <48 -5 106. |51 to <54 12
70. |45 to <48 6 1407. S1 co <S4 13
71. |45 co <48 7 fl108. |SL to <34 14
~ 72. |45 co <48 8 109. |S1 to <54} 1S
73. |45 to <48 9 110, |51 co <54] 16
74. {45 to <48 10 f111. |51 ca <54 17 ﬂ
7S5. |45 co <48} 11 ﬂzlz. SL co <54 | 18 ~H
76. |4S to <48 12 113. |51 co <S4 19
| 77. |45 co <48] 13 l114. |S1 co <54] 20+
|l 78. |45 to <48 | 14 'H115. |54 to <57| -5§
Il 79. |45 to <48 | 1§ H116. |S4 co <57 6 .
I 80. [45 co <48 ] 16 ﬂlzv. 54 to <57 7 g
|l a1. |45 to <48} 17 118. |54 to <57 8
| 82. Jas co <a8| 18+ 1119. [s54 co <57 9
i 83. |48 to <51| -5 H120. |s4 co <57 10
| s4. |48 ro <51 6 121. |54 to <57} 11
85. |48 to <51 7 122. |54 to <57| 12
" 86. |48 ta <51 g 123. |54 to <57| 13
87. |48 to <51 9 124. |54 to <57 14
I ss. {48 co <s1] 10 H125. |54 to «57] 1S §
l 89. |48 to <51| ‘11 126. |54 to <57 | 16
i 9G6. |48 to <51| 12 127. |S4 ta <57| 17 i
| 91. |48 to <51} 13 128. |54 to <57 | 18
92. |48 to <S1| 14 1129. |54 to <57} 19
93. |48 tg <51 1§ !130. S4 to <57| 20+ h
94. {48 to <51| 16 131. |S7 to. <60} -S
95. 148 to <51} 17 132. [57 to <60 6. %
96. |48 to <51| 18 133. |s7to <60 7 1§
97. |48 ta <51 19 134. |57 ta <60 s %
98. |48 to <S1| 20+ 135. |S7 ta <60 9
99, |51 ta <54| -5 136. |57 to <60f 10
100. |S1 co <S4 6 137. [S7 ta <60} 11
101L. |51 to <S4 7 12

'138. 1587 ta <60




W 70% - 90% Grey Bl ack/ Dk Brown/ Ne@3-23. 00 27 00 -10.00 1.00 -10.00
3.75 Br own”ﬂl“ 60%.G-ey Bl ack/ DK Br own/ Med  23..00 27.00
-10. 00 Brown/ Brown W 40p6- 60% Grey Bl ack/ Dk

Brown/ Med 2%.00 '27"00°-15.00 1.00  4.00 .25 Brown/ Brown w 40% --
60% Grey Black/Dk Brown/Med 23.-Q0. ,27.00 -10.0p - 1.00 4.25 10.00 |
Brown/ Brown w 40% - 60% G ey G ey Hair Light Brown /Darkest Bl onde
40% -- 60% G ey 4. oo 10 00 -10. 00 -o 8 7096- 9096C¥ey 10. 00
99. 99 -10_0Q 4004 - 0%grey
6,00 10 oM. § yuncer 10] tacsr 9] 10. 00
-0.80 i BT ~og - 10. 00
-0.80 709 T L 2N - lrr-Ca~Meei-dm Dar k
Bl onde 4004 FNERTH 2Q0%PGey | .
4.00 99| 63090 Grey | -3-99. 94 -0.25
-1.75 -1 2&270¢ - 9D. 09 <64.]7523~ i
143. 66 ca <69 | .-5 i
144. 66 to <69 5
145S. 66 to <69 7 '
146. 66 ta <69 8 i
147. - |183. 166 to <69 9 |
148. 66 to <69 10 i
H149. 66 o <69 | 11 I
150.° 66 co <69 12 u
"151. 66 to <69 | 13 |
152. 66 to <65| 14
153. |66 co <69 15§
154. 66 to <69 16
" 1S5. 86 ta <68 17
156. 66 to <69 | 18
157. 66 to <69 | 19
158. 66 to <63 | 20+
159. 269 -5
i160. 269 6
| "Vsl.' 269 7
163. 269 8
163. 269" | + 9 i
164. 269 10
165. 269 11 I
166. 269 12
&157. 269 13
168. 269 14
169. 269 15
170. 269 16
171. 269 17
172, , 269 18
173. . | 269 19
174.. . !210. 269 20+

Wherein the designation -5 means less than 5 but more than 4
and the designation +12 means moro tnm._ hut less than 13.
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VWherein neg e val ues Iesé t han zero. WO
s M e e

o7, The process according to clai m 94,

wherel n step (b) corrprl ses measuring the val ue of at : ' | east one
further color factor that is dependen14'on relative content of
bl ue and yellow in said col oration. - 98. The process

accordi ng to cl98i m The process accordinguoeitbienclaine p2 pb?4,cfonh¢t1 chamciesizedby ng t he
Ygl i Gt calor festor v hing Fusrentat BiaySeslos ffas punter and nd iliRES" ©"
v FRfoRSS687 ol gl el e oty SR SO il (0
vaI uésmt of calarfactur Hunter L the process further comprising the step of measuring by instrument
a value of a color factor substantxally that of color factor Hunter L in sald test subject’s
coloration. _ _ .
- 99.  The process according to claim 98, wherein said coloraition is skin
coloration and said process is further characterized by the step of establishing a plurality of
coloration classes that include a first class of skin coloration having a value of a color factor
which is substantialiy that of a color factor Hunter L at or below substantially 51 and a second
class of skin coloration having # value of a color factor which is substantially that of a color
factor Hunter L above substantially 51. _
100.  The process according to claim 99, further characterized by said
coloration classes being defined by the relationship between the values of said color factor which
is substantially that of color factor Hunter L and the values of said color factor which is
~ substantially that of color factor Hunter b, said relationship being substantially equivalent to the |

following:
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] ' I
-said-first color factor and said at |east one further col or

factor gmml mlm(umﬂlm et of nukgiple . neasurenents. . -
100." The Fto claim1, . : wherein the condition-is

a nedical condition"that * i ncl udes a ‘synptomatic, -detectabl e
change in a test subj ect's coloration and wherein step (a)
conprises . establi shing a baseline negsurenent for said test
subj ect by measuring with a color neasuring instjrunment a val ue
of said at |east one color factor in the test . subject’'s
col oration when the synptomatic, detectable change I n coI oration
resul ting i1 '
a test sulfj e, Huncer L pAblinte
sai d 1. VK gerne
sai d CO|O ~aetor—at—sar-c—fprmtire —poT
whet her t _~ W ST Y2Y
nmagni t ude{f or3  hiat <27 par icufar te
accor di nglit o 4any| os27 of 8 ¢l
.sai d procgss saf <27 9
6. <27 : 140
7. <27 11
8. <27 12+" -
i 9. |27 co <30 -5
 10. [27 o <30 §
11, 27 €0 <30} - 7 43.}36 co <39 1S+
"_ 27 to <30 8 44.)39 to <42 -5
13, [27 to <30 9 . 45.]39 to <42 6 {
_14. 27 to <30 | 10 46.(39 co <42 7 i
1S. |27 to <30 11 47.139 o <42 | 8 -ﬁ
'ﬁls. 27 to <30 12+ 48.]39 o <42 | 9 1
W 17. [30 co <33 -5 49.]|39.co <42 10 ﬂ
30 to <33 - & 50.)39 to <42 11 :
'"——19. 30 to <33 7 Ejl. 39 co <42 12
i 20. |30 co <33 8 52.|39 co <42 ] 13 |
i 21. |30 to <33 9 ﬂ 53.]39 co <42 | 14 Aﬁ
| 22. |30 co <33 10 54.]33 co <42 1S+
23. |30 to <33 | 11 ¥ 55.|42 co <45 -5 4§
24. |30 to <33 12+ § 56.]142 to <4S 3
25. |33 o <36 ) -5 - ¥ 57.]42 to <4S 7
% 26. |33 tao <36 6 58.142 to <45 8
27. |33 to <36 7 59.{42 to <4§ 9 a
28. |33 to <36 8 60.]42 cto <4S. 10.
"29. |33 ta <36 ‘9 B 61.]42 to <45 ] 11. q
30. |33 to <36 140 62.]42 to <45 12
31. 33 to <36} 11 ' 63.|42 to <4S 13
32. |33 o <36|. 12« §- [ 64.|42 to <45 14
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V\D 96/ 41149 ~ PCT/' B96/ ACEMENT SHEET
condi tion { ﬂm m "Mﬂ@.‘“cQ AR e SR & S S N
102. In a prOCeSSL ating the coloration of "at t sjb? é?tgl@gz
i npr ovenent _conprising the steps of : . (‘ay—cormtting-ta
group of Iightness measure col or factor val ue ranges, shld | i ght ness
measure col or factor being substantially that of color ~ factor Hunter L;
?ggtor valp _ (b)- asom at| ng wi th each |Ilght ness | surercolsgr
in conpar i: M@@! ________ ptafl t : i Hat 2 _-__--m_;_ i ﬁ
the colforssi oh4af t@ tast colf or
factor valfuesén bardzbargs, siulzg &is4cpl orgfact o being
substantig! l7 TRk 20L SCQIQM T 3 ope 3 U TE SGEf At LPTrsi -
bet ween s v S wue ?Q:". S—a RSt
| 8. S1 co <3 L |
§9. 51 co <S4 12 ;I
70. §1 co <54 13 i
71. S1 to <54 | 14 i
72. S1 to <S4 15
| _73. }51 co <54 16 %l
h_74. SL co <54 | 17
|_7s. 51 to <s4| 18. -
| _7s. SL to <54] 19
77. 51 to <S54) 20+ g
78. 5S4 ta <57 -5 ' :
79. S4 to <57 6 .
{ 8Q. 54 ta <57 7 .
| 81. 54 tg <57 8
|_82. 54 co <57 9
83. 54 tqQ <57 10
84. S4 to <57 11
8s5. 5S4 co <57 12 '
| ss. 54 to <57| 13 1
1 _87. 54 to <57| 14
L_88. 54 to <57| 15
89. S4 ta <57 16
8a. 54 tg <57 17
- 9. 54 tg <57 18 :
i 92. 5S4 ta <57| 19
} S3. §4 to <57 20+ i
{ 94. 57 to <60| -5 i
-} 95. 57 to <60| 6 i
_§ 9s. 57 to <60} 7
he7. S7 co <60| 8
E 9a. 57 to <60 9
39. 57 to <60] 10 |
. 100. 57 ta <60 11
101, §7 to <60} 12
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.?zflog:Ma;ed Cogi\)‘r‘“‘m*ﬂﬂmﬁlliig bei‘_;\ ] Sl:IbS; arlt i_fal_l y .

PCT/IBQG/ 93- || No3aveimes ||
Hunt er . Hunter L Hunter b 1. <27 -5[-err
33: 36 to <39 -5 2. <27 6 —36 10 <39
6 3. <27 7 35.°36 to 89 -} 7 4 <27
8 36. 36 to <39 8 5. <27 9 - 37
36 to <39 Qs <27 10 ' %¥%=éﬁhé4h=é¥h==r 10
7. <27 | . | Hapcer L | Huncegp bl tfh ¥29 | Hunger Hus B
%?Egril\#ﬂ 139.7[(5;5?@5:LQ@A'5 12 | ) o <68 FD 17 41.
11, 27 thiife 137 =97<sd] EIRTVATE ISR M
8 I1a%s |39 150 <60 63 T |
122, [S7 o <60 63 co <85 | 23~ i
. f1a3. [s57 co <60 66 co <69 | -5 i
144. |57 co <8Q 66 co <69 5
14S. |S7 to <60 66 to <69 7 i
f146. |57 ca <60 66 co <69 8 “
l1147. |60 to <63 66 to <69 9

66 ta <69 10
66 tO <69 11
66 to <69 12
66 ta <69 13
66 Lo <69 14
66 to <69 15
66 o <69 16
66 to <69 17
66 to <69 18 i
66 to <69 19
66 to <69 20+

fl148. |60 co <63
fL49. |60 to <63
ff150. {60 to <63
151. |60 to <63
152. |60 ta <63
153. |60 to <63
{154. {60 to <63
fl155. |60 to <63
fl1s6. |60 to <63
| 157. |60 to <63
ll1s8. |60 to <63

159. |60 to <63 269 -9
160. |60 to <63 269 6
161. |80 to <63 - 269 7
162. |60 to <63 269 8
163. |63 to <66 269 | *+ 9
164. |63 tao <66 269 10
165. |63 to <66 269 11
166. |63 tao <66 269 12
f167. |63 ro <66 269 13 -
168. |63 to <66 269 14
169. |63 to <66 269 15
170. |63 ta <66 269 | 16
#171. |63 to <66 269 17
uzvz, 63 tao <66 269 18
173. |63 ta <66 269 19
u174. 63 to <66 |69 20« |

Wherein the designation -5 means less than 5 but more than 4
and the designation +12 means more than 12 but less than 13. o S\‘\Eg
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13.

10
39

17. -

6
39

21.

10
42

25.

6
42

29.

10

42 to
W96/
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27 to <30 45 39 to <42 6 ]

T 5 o 7
to <42 <3o Tk g 48, |39 tmmmv f
30 to <33 -5 49. 39 to <42 10 -18. 30 to <33

50. 39 to <42 11 -18 30 to <33 1 51.
to <42 12 20. 30 to <33 -8 Q. to.s42 13
30 to <33 101.  dThe process accordlﬁstoag'ormmms@m @ D2, figthero <33
t Ocl@a%cteﬁzedig'@thg prz:ggss cggrpmmgétecung gfgndmon m a blo?]g%lcallfgs]ttsgbjg&ts 52'
33 to <36 -5
581 2, toTh<  process accof’c?mg ﬂ:gclﬁﬂgiﬁf’ furtg%r ch;ract&ﬁed b?'%efeﬁtnfgo’g
t ocomﬁtxon 1n a blﬁloguﬁBtest ﬁmjd;cbﬂmsﬁ a human, &nimal, plant or sﬁﬂ tes4 Eubject<45 10

33 to . 42 to <45 3 0, <36
203 42 {I@e progess accorg_llng toglaim HH, fng’thegghatacteg_lged by etectmg ag3.

tbon ina ﬂlglogrc%? test s’%x%jéc?tha?g selecte&%rom the groug)&q:?ﬁ[iﬁgm - 14

- 94-  excretions, body fluids, hair and teeth.

104, The process according to claim 66, further characterized by step (a) 3
comprising measuring as a oaseline measurément a value of said at least one color factor in said
test subject’s coloration at a first point in time when the symptomatic, detectable change in
coloration resulting from the medical condition is generally not present in a test subject.

105.  The process according to either claim 92 or 94, further characterized by
said coloration classes being determined by ranges of values of & color factor which are
substantially those of color factor Hunter L; said ranges of said color factor values being
bounded by at least one of the values substantially equivalent to the following:

| Hunter L =27, 30, 33, 36, 39, 42, 45, 48, 51, 54, 57,
60, 63, 66 and 69.

106. A process of evaluating a test subject based on the coloration of said test

subject, the process being characterized by the steps of: |

(@) measurmg with a color measunng instrument a value of a first color

~ factor in said test subject’s coloration, said first color factor being dependent on the lightness of

the coloration of said test subject; and
®) measuring with said color measuring instrument a value of at least

one further color factor in said test subject’.s coloration, said further color factor being dependent

~on the relatiw_/e content of opponent colors in the coloration of said test subject;

wherein at least one of steps (a) and (b) comprises arriving at a  value of
said color factor that correlates to a measure of coloration having estblished laboratory utility.

107.  The process accordmg to claim 106, further comprising the step of

comparmg the measured values of said first color factor and said at least one further color factor




-

?g' : Hunt e &OZHU ng"@ﬂuiumuﬂrﬁa" HEEt?r4Eff§322§r-fla,65'- ??~F013g? 51

to <54 104. 51°to <54 --10. .68.

42 to <45 18+ | 105. 51 to <54 11 69. 45 to <48 -5

106. 51 to <54 12 70. 45 to <a8- 6 107 51 to <54 13
71. 45 to <48 51 to 45 to <48 8

109. Wwih agangenf valuei of saig golor @tqr@thaﬁge fourgl m the coloratmp; gf subjqcts ptherthan 1 6

ﬁ' 5 Aag‘ﬁe?t sﬁﬁgeft td %gtenm?g wheaes\;v?téh g&%]raﬁ%ztixgdfneasmjea vaiué of séi @@)r Z%cgors

77. HB& to <48 114. 51 to <54 20 45 co <48 - 14
115. 54 to <57 _ -5 79. 45 to <48 15 ) : 116. 54 to <57 6
80. 45 to <48 108.6 The process acearfling tgany onevfclaims G6 to %3, 74, 185, k06 or497, 17

é %8 ' \Zgérg%xoxgg?unng @8& val§fof a é%)?&lrtégctﬁ ?ﬁn]?%s%; making g set c;f éiﬁtipl&%éqa%&rgé%%ts 6 9
121. 22. 54t 57 12
121 ofe ot for kb et 40 )i s 2% 10T

124. 54 to <57109. 1Zhe process accordmg to claim 92 further characterized by said at least
-one further color factor value being substantially that of at least one of color factor Hunter b and
color factor Hunter a, and the relationship between the lightness ‘measure color factor value range

and the associated color factor values being substantially equivalent to one of the following:
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88. 48 to <5t 125. 54 to <57 15 48t o<l

1 P
126.. 54 to 8 to <51 S12 e '@LA{WFM&K 17
oL, 48 to < @j|||mm||||||m|||||f‘128 8010 <57 | 18 | BorattoesT 1l
129. 54 to 48 t 15 : Aiéﬁ??
20+ 94. 48 to <51 16 381, 57 to <60 - -! * 1340 <b1
17 132. 57 to <60 6 96. 48 to <51 18 133! |57
to <60 7 97. 48 to <51 19 134. 57 fo <60 8  98.
48 to <51 20+ 135. 57 to <60 9 99, Bi-to—<5A—TF
136. 5 FO 'Tiﬂ—_'_i———""i'i—’-—T_'_i——“ﬁm'M_ . <oU
11 10f 5T BBy VA ' “138. 5¥—+6 50“ 42 e
96/ 41144 in: Mi 2K | moglibab Max

95 llsladyo. Hunter L H Huntoay
139. 5 Darkest Dark Brown 14.00 ] 1600

|Darkesc Dark Brown | 14.00 15.00
|Darkest Dark Brown 14.00 { 16.00

[Darkest: Dark Brown 14.00 16.00
’Darker Dark Brown 16.00 { 19.00

[Darker Dark Brown 16.00.] 18.00
Darker Dark Brown 16.00.} 19.00
Darker Dark Brown 16.00 | 19.00

Darker Dark Brown
{Cool Auburnm Tones)

Darker Dark Brown 16.00 | 19.00
{(Warm Auburn Tones)

Brown 19.00 | 22.00 | 0.00| 6.00 |-10.00
{{ Brown 19.00 | 22.00 0.00| 6.00| 2.95
{Brown 1s.00 | 22.00 | o0.00} s6.00| 3.20

|Bzown ' 19.00 | 22.00 | o0.00| 6.00] 3.45

.M—_—

Brown 12.00 22.00 3.50 6.00 3.45
(Warm Auburn Tones)

Brown 19.00 | 22.00 31.50 6§.00 }-10.00
(Cool Auburn Tones)

Medium Brown 22.00 | 27.00 1.00 §.00 |-10.00
Fagdium Brown ' 22.00 | 27.00 1.00 §.00 3.75

Golden Med. Brown '22.00 | 27.00 1.00 6.00 4.00
4.25

- 27.00 1.00

Golden Hed. Brown '

Da.z:kest: Med, -
Darkeat Med. Blonde | 27.00 28.00 1.80 s$.00 6.00
Darkeat Med. Blonde | 27.00 28.00 S.00 6.00 6.00
Darkest Med. Blonde | 27.00 | 28.00 1.80 6.00 6.50

Medium Blonde .{ 28.00 | 31.00 1.80 6.00 | -5.00
Medium Blonde 28.00 | 31.00 1.80 | s.00 6.00
Med. Golden Blonde 28.00 | 31.00 5.00 §.00 6.00
Med. Golden Blonde 28.00 | 31.00 1.80 §.00 | 6.50

|




140. 57 to <6014 176. 63 tQ <66 . REBﬁK TSHERT| 0

175 53 1o <es [IIIBE u|||ggg°;-;@?;‘ wo 17 e e

<69 . 180. 6@3&056997
6 145. 57 to <60 19 181. 66 to |<69 | 146} |57
to <60 20+ 182. 66 to <69 8 147.~—60 to <63 -%
183. 66 to <69 9 148. 60 to <63 6 {1 ... 184 _ 68
<69 10 149. 60 to <63 7 185. 66 to <69 11
150 6 . e . 80 _“____!_.___J__ .. IR I S - -. ()
<63 g CATEGORY NANN. Pp6 to <@9 13 352. 60[to <63b 10
| 88. 6 tO <69 14 1b3.M300 Omaeo Min Max MiSO. QPast O
<69 -———-—--r:-——; e T B 2 A e T s S 346
155. u ighgest Med. | 31.009133.88 o ke®0 | ‘6.087] -51%%| 6090
<63 j Blonde. 192 6 to <£Q 18 5z aolio ca3l 18
193. annghcwc Med. 19 158..006(0 83.a63) 1680 5.00 6 .100Y 665q1
<69 Blogde 159 60 19 <63 17 195. err]69
-5 1hQight@stomMed? 18 31.00 | 33.001P6.5.4@1fr] 8200 6.0 8630
60 to <fAlonde 197. [err] 69 7 162. 60 to <@3
20+ Lightesc 4%&. [errfGA oo ] 33.08 | 15 | 64.08 [66.50% 15.00
199. 816h68 .9 164. §3 to <6p 6 200.
err] 69 "'—-""“—_‘T“—”‘;—T"——“’“ e ———— P e e T o e e
g_l ] lghﬁqa Rnéﬁﬁ 33.00 36.005h, 1.1%& a4 ‘5:1_ 2901
63 to <pbightgBlonde - 233.00 {[3FsP09] 1.8013 5.006B. 74P 4o 2680
10 Lighc Blogddé [err]| @a.00 | 38400 | 169.00 943 Q086p 7.1 7.50
205. PTLhe Blonde 1° | 33.00 | 36.00 1.80| 6.00] 7.50] 20.00}
‘Li‘ghter Blonde 36.00 | 40.00 1.80 6§.00 ] -5.00 8.00
Lighter Blonde | 36.00 | 40.00 1.80 |° 5.00 8.00 | 8.50]}
Lighter Blonde 36.00 | 40.00 5.00 6.00 8.00 8.50
Lighter Blonde 36.00 | 40.00 | 1.80| 6.00| 8.so} 20.00}
1 =929 [ 39-9 — e
Lightest Blonde 40.00 | 80.00 1.80 7.00} -5.00 9.00 §
Lightest Blonde 40.00 | 80.00 1.80| sS.00) 9.00| 10.00}
Lightest Blonde 40.00 | 80.00 5.00 7.00 9.00 { 10.00
Lightest Blonde 40.00 | 80.00 1.80 7.00 | 10.00 | 30.00}
e r———————r— e e e e e e e e e ——|
Light Red | 22.00 | 28.00 6§.00 | 30.00} -5.00 3.50§
Light Red 22.00 | 28.00 6.00 | 30.00 3.50 3.75)
Light Red 22.00 | 28.00 6§.00 |.30.00 3.7S 4.00]
Light Red . | 22.00] 28.00| 6.00| 30.00] 4.00| 30.00}
Medium Red 19.00 | 22.00 §.00 | 30.00 |-10.00 3.
Medium Red 19.00 | 22.00 .00 | 30.00 3.50 3.75§
Med. Golden Red 19.00 | 22.00 6.00 | 30.00 3.75 4.00)
Med. Golden . l.19.00} 22.00 6.00 | 30.00] 4.00| 30.00]}
||pazk Red 14.00 | 19.00 3.o00 | 30.00 |-10.00 ]  2.50]
Dark Red . 14.00 | 19.00] 3.00] 30.00| 2.50| 2.7s}
Dark Red 14.00 | 19.00 3.00} 30.00| 2.75] .3.00]
Dark Red . | 14.00] 19.00 3.00 | 30.00 3.00.{ 30.00}
Red Blonde '} 27.00 | 40.00 6.00 | 30.00 | 6.00} 30.00]}
Red _ _40.00 | 80.00 7.00 | 30.00) 6.00 30.00 §
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170. 63 to <66 . 206 69 3
o g3 to o6 a2 oon o080, TELACHEENT T

[Zg?ﬁe [err169 | IIIIIIIHHﬂ]IIlHlIﬂﬁ mss to <66 15 T T200.

AL 83 o X ‘ 210, wmuqm'l
20+ wherein the de5|gnat|on -5 neans Iess than 5 byt fofe than 4 and fhe

desi gnati on +12 neans nore than 12 but |ess than 13. WO 96/ 41140
PCT/ 1 B96/ 00732 ' - 96- ' 103 The
process accordlng to cIa|n170 wherei.n said col oration classes are
det er m (==t Ao eSS —Or o COT OT T FacTOr Wit CIT 15 8 et apl y
t hat of’ & Rgeb x °,. l
bei ng bl bndti_dnoMaxi he Mimned adies 1y, HAN: Wby Mo o |

- | prreem———————

the = fhghawknok Brown/Hed "Hmies |Lss.dd, | b .qs] 36.889-142004F, 3.7s
Brown/Brown : ' .
w/ 70% -~ 90% Grey

Black/Dk Brown/Med 27.00.) S0.00 {-10.00 1.80 3.75 4.00
Brown/Brown . '
w/ 70% - 90% Grey

{Elack/mc Brown/Med | 27.00 | S0.00 |-10.00 1.80 4.00 4.25
B - .

rownl/Brown
w/ 70% - 90% Grey

Black/Dk Brown/Med 27.00.|{ sa.00 |-10.00| 1.80 4.25 | 106.00
Brownt/Brown ; _ ..t
w/ 70% - 50% Gray )

—_—— SIS — —— ..__.-..—-——»m—“i

Black/Dk Brown/Med 23. 00 27.00 |-10.0Q0 1.00 }-10.00 3.75§
Brown/Brown i
w/ 40% - 60% Grey {

rslacx/nk Brown/Med | 23.00 | 27.00 |-10.00| 1.00] 3.75| 4.00])

Brown/Brown |
w/ 40% - 60% Grsy ' ' g

"Elack/m: Brown/Med | 23.00 | 27.00 {-10.00 | 1.00| 4.00} 4.25

Brown/Brown _ ;
w/ 40% - 60% Grey |
d
I
i

Black/Dk Brown/Med 23.490 { 27.00 {-10.Q0 1.00 4.25 | 10.00
Brown/Brown ‘
w/ 40% - 60! Gre

—_— - e - - Paam— " ey ——

Lighe Brcwnlna:kest Blcndc

40% - 60% Grey 4.00 | 10.00 |-10.00 | ~-a.08 '1
70% - 90% Gre 10.00 | 99.99 |-10.00 | -0.08 ;
Dark Red, Medium Red or Medium Light Red )
[40% - 60% Grey §.00 | 10.00 |[-10.00 | -0.80 :
70% - 90% Gre 10.00 | 99.99 |-10.00} -0.80 i}

Light Red or Red Blonde
fsox - 60% Grey “5.00 ] 7.00 |-10.00] -0.80 } . . 1
70% - 90% Gre 7.00 | 99.99 |-10.00 | -0.80

Medium to Medium Dark Blonde -

40% - 60% Grey 1.70 4.00 0.00 | a.00

70% - 90% Gre 4.00 | 99.99 Q.00 | 0.00

L;ghc Blonde Hair

[40% - 60% Grey -99.99 | -0.25 | -1.75 | -1.25

70% - 90% Gre -99.99 | -0.25 }-99.99 | -1.75

Wherein negative values dencte values less than zero.




A
.48, 51, 54, 57, 60, 63, 66 and 609. 104. A process of

det ecting a c UH bj ect whi-ch condl tionsincl udes a synptomatic
col orati on; ﬁﬂnmumu“‘ m ing the steps of: B - (&)

measuri ng W|th % cbl dr Meaduring i nstrunment the val ue of a color factor,
sai d col or factor being dependent e33-t he content of said coloration in
sai d col or; (b) establishing a range of color

fact or - dependergioval UHSepxbaﬂfsafabmrdmglt@elﬁiershirpdeﬁm lowwhmn thesgtep of

dit d - f I '
the ;@éa‘é&@gat?@mseém%@swaaa wﬁe”@%ét'@ P R T o
-105. The 50, 51, 52 53 55,
furt ﬁ@e%q%gfﬁrif%?tﬁgegg&gén?gf@ﬁg said EAI&‘aHEn ' (a) mag;url ng a

l'i ghtness fact oriat Tﬁ@pﬁcéds raeéoramg té aitmmtamqmm 107, wherein thastep of
(b) compensating any exhibited change of said color f%or fqQr
si gninhéasaring tomprisasgneasusing thetvialesof said at least one furthergglor ﬁh@d@s S

accor g nr?degr(c)or(free}anve con?ent ogi’ed an\gneée%'m said ofora foenss for determining a col or
112.  The process according to either claim 106 or 107, further characterized

by the process of evaluating a test subject being a process for determining a color characteristic

in a biological test subject. T -
113. | The process according to claim 112, further characterized by the process
for determining a color characteristic being a process for determining a color characteristic in a
biological test subject that is a human, animal, plant or soil test subject.
114.  The process according to claim 113, further characterized by determining
a color characteristic in a biological test subject that is selected from the group consisting of
tissue, excretions, body fluids, hair and teeth.
115.  The process according to any one of claims 66, 70, 92, 94, 106 or 107,
further characterized by the steps of:
calibrating the color méasuring instrument by providing a colored
sample with color and spectral characteristics specific to the color factor value to be measured,
and ' _
measuring the coloration of the sample to produce measurement
indications and adjusting the measurement indications of said instrument to correspond to

preselected values when measuring the coloration of the sample.
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. WD 96/ 41140 PCT/ 1 B96/ 00732
-97- ch

' t erj ot ri.ses a prbcé"ss for: determining a: -col or
characteri sti jm@i‘ﬂm:!ﬁl‘(ﬂ“ﬂmﬁ est subject.- : 107, The
process accor di el OL i olx '

or 62, wherein the process for determning
a col or characteristic conprises™@ process for determning a color
characteristic in a biological test subject.t lofored Samipte has  ani mal
test subject .116. Theprocessaccomtvﬂl%“bir@gg'&&ﬁglgrd&&ng to any one of
clainms 50, 53, 54, 55, 56, 58, .60 . further characterized by the
stgp@c@lrefmﬂtaklbeﬁactﬁgeﬂ%@l&%q%fh fOﬁg’r‘ggéiri ng instrument by providing a
colored tile with

I and spectral char acSpestsli cs specific to the
col or factor val uewag%g"egﬁ%lasured, neasur i nReflestance Factor

400 16.67
420 16.93
440 17.65
460 20.56
480 _ 25.67
500 27.94
520 o 28.24
540 27.59
560 2133
580 30.12
600 | . 40.52
620 - 47.93
640 51.10
660 . N 53.82
680 56.55
700 ' 58.87

117. The process according to claim 115, wherein the colored sample has
substantially the following C.LE. and Hunter color coordinates:

- 3376 REPLACEMENT SHEET

X

y = 333 1] 13aus 1997J
x = 03732

y = = 03523

a = 905

b = 13.75
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mhn\/“"""‘“"
- coloration_of the tileto-—preduce nmeasurenent. I ndi cqt

C ons a 3‘557“ I hg
t he neasurenent indi of .sai d i nstrument t'o cgrie n‘gjj‘i '-
pr ésel ect ed JIMIB@ i ) '

| asuring the col oration. of tret|lp
109. The pr

any one of clainms 50, 155, 56, 58 or 59,
wherein the process of detectlng-é'condltlon in a teast—subfect—TOMPri ses
detecting a condition in a biological test

ubj £¢ lluminant G 10.
The DI.0GR§ Sviftf e sgedidaricompoyen excloded and(ga]gﬁuiaéeég tco‘IjE %%ndag%l or 59, wherein
the“grocess of detecting a condition in a biol ogical

t est subj ect
COMpRH 9851981 2t CilifE standydAOESH¥F- i n a bi ol ogi cal test subj ect t.ha

LR O L " B pRERSSikBg S itrelains0Gmrd Movpr e | masug e

0 any 8ne of claims 50, 55 ?@ct ABatds 99,
vvher\@gn S5 I%Pﬁﬁéﬁr&x%rcoloﬁﬁbﬁztommszsmmn ghe valug ofia !)é'l Cal test
conprises detecting a

N a bi ol'ogi cal test
dependent on yellowness of the coloration ofo t[r}e tesk su%J g

119.  The process according to either claim 106 or 107, wherein measuring the
value of at least one further color factor comprises measuring the value of a color factor that is
dependent on redness of the coloration of the test subject. . |

120. The process according to either claim 106 or 107, wherein measurfng the
value of at least one further color factor comprises a first function weighted in a first portion of
the spectrum and a second function weighted in a second portion of the spectrum, the color factor
being further dependent on lightness of the coloration of the test subject. |

121.  The process according to either claim 106 or 107, wherein the step ot-' 3
measuring at least one further color factor comprises measuring a value of a color factor which 1§
substantially that of color factor Hunter b and, the process further compnses measuring a value
of an addiﬁ§nal color factor which is substantially that of color factor Hunter a, <':c'>mpanng the
measured value of said additional color factor w1th a range of values of said addltlona.'l fact?r,.
and continuing the process only if the measured value of said additional color factor lies w.1th1n
?n acceptaple rT;gze The process accordmg to either claim 106 or 107, wherein measuring the
value of at least one further color factor comprises measuring a color factor value which is

i or factor Hunter a.
i th:;:.fml The process according to either claim 106 or 107, wherein measu‘xing the
value of at Jeast one further color factor comprises measuring 2 color factor value which is

i r factor Hunter b.
st m:;:f cc)k')l‘he process according to either claim 106 or 107, wherein measuring the -
value of at least one further color factor comprises measuring a color factor value fhat has a first
function welghted in a yellower portion of the spectrum and a second function weightedina

ectrum.

pherpoer Ot;t::. ¥ The process according to any one of clalms 66 to 70, 74, 75, 106 or 1_07, -
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WO 96/ 41140 PCT/ | 896/ 00732
-98- ¢ sub H“ﬂ,’uj M,I mthe gr oup conS|st| ng of tissue,
excretions, nd teeth. .

-86-

wherein measuring the value of a color factor comprises measuring the value of said color factor
at different locations on the test subject. |

126.  The process according to any one of claims 66 to 75, 106 or 107, further
characterized by said process comprising a process for detecting or evaluating 4 condition that
causes jaundice in a human child or aduit test subject. ;

127.  The process according to either claim 106 or 107, wherein measunng the

value of said at least one further color factor comprises measuring the value of a color factor that

comprises a first function weighted in a first portion of the spectrum, a second function weighted
in a second portion of the spectrum, and a weighting term that-is a function of lightness of said -

coloration and that modifies the value of said color factor.
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Abgcrace

A method and apparatus for determining the condition
of a test subject based on color uses a color measuring
instrument to detect chénge in a color factor indicative
of a condition such as a disease, spoilagé, ageing, etc..
A medical condition such as hyperbilirubinemia that
affects skin color can be detected. One measures color
factors such as Hunter b and L in the subjects’ sgkin
color. For prede:erminéd ranges of one color factor, in
particular L, changes in the other color factor, e.g.
Hunter b, above predetermined levels—are indicative of
the medical condition. In many cases, a single measure-
ment of the color factors can be utilized as a warning of
the likelihood of the medical or contaminated conditionm,
if the ordinary range of the color faccd: is known for
healthy individuals with skin coloration like that of the
test subject. Even if there has been no baseline mea-
surement and the test subject’s color is such that a
single reading of one or two color factors will not warn
of the poseihlé presence of the medical condition or
contamination, sequential readings can indicate the
presence or ahsence of the condition based upon changes
in the measured color factor, or lack of changes. The
color measuring techniques apply to a wide range of
biological test subjects (e.g. hair, teeth, tissue,
excretions, foods, soil, animals, plants). '
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can be detected. One measures color factors such as Hunter
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changes in the measured color factor, or lack of changes. The
color measuring techniques apply to 2 wide range of biological
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