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METHOD FOR MEASUREMENTOF SKI N HI STOLOGY This invention relates to a
met hod for the non-invasive neasurenent of skin histology and is
particularly, but not exclusively, concerned with a met hod for
i denti fyi ngwaswna@ssuri ng the presence and depth of der nePCUCBHPINTY on of
mel anin. The presence and extent of dermal invasion within a skin cancer
is considered to be the npost inportant factor governing a patient's
prognosis. The present invention is consildered to be potentially usef ul
for the prelimnary screening of patients to identify those who shoul d be
referred to an approMEHﬂ@Q%OrR EASUREMENIQFSKIN HISTOLOGYr to0  assi st
the clinician in diagnosis. The present invention is based on the
findings reported by Synron DO Cotton in "Do all human skin colours lie
on a defined fi bk r bALRVakIVE nidasBrdrmemadtam
Techni cal Rep?r{'ss,'ﬂggn&ﬁ?r%teekwﬁgég.ém?%ethd%ﬁl osure of such Techni cal
Report is i nckkindtistotogi andis particulariyebut natexchisivelie eoncemed Reioat , t he

rel ati on between heglthy skin and the col gur of the,skin represented in
VS, = part| cgnehod speisendpiLs ant neane S Prsence 10 Sl osiimahar - f or
heal thy skin, .a@vfaga&%%gidrﬁﬂg Ths%afq?%é%nef%ﬂaﬁ%f%r alGROLELn Hittigani nog.
lies on a defined curved surface wthin a three- I rensi onal col our

space. This, iskinuGe@eris dorsidmed ¢ betioé most impeaantifactongovarsinga  can
measure and quantify the anmount of nelanin and bl ood at any particul ar

poi nt at whi cheatinnts pegngsisnaine preserfdavention is capsideied tppesptgntiaihas an

i mage, then corr ondi ng_. ' . Marhatid f Dbl god and

mel ani n acrosé‘s?ﬁi?%r%ﬁ pgsfﬁrgﬁrgﬁgg?%%ﬁﬂe@?off%ﬁeﬂtes 8 'g ot{/fgr?t]%s&“n'!‘ al Report,
it is disclosgHolilbe FEFbABY fo GARpPEIFHdtECENicidEide diahesisAhd fURRedRy M S
produci ng the characteristic hues of nmelanoma and that this nelanocytic

descent has bassist¢herdinidianiimdiagnasik. et al (" The

The present invention is based on the findings reported by Symon D'O
Cotton in “Do all human skin colours lie on a defined surface within LMS
space?”, University of Birmingham Technical Report, 30 December 1995,
- The disclosure of such Technical Report is included herein by reference.
In this Technical Report, the relation between healthy skin and the colour
of the skin represented in LMS, a particular colour space, is reported, and
it discloses that, for healthy skin, the coloration, regardless of race or
amount of tanning, lies on a defined curved surface within a three-
dimensional colour space. This, if used with a correct colour
measurement system, can measure and quantify the amount of melanin
and blood at any particular point at which this measurement is made. If
the skin is sampled as an image, then corresponding images showing the
variation of blood and melanin across the skin can be obtained. In the
above Technical Report, it is disclosed that melanin can sometimes
penetrate into the dermis producing the characteristic hues of melanoma
and that this melanocytic descent has been quantified by Clark et al ("The
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and Bi ol ogi cal Behavi our of Primary Human Mali gnant Mel anomas of the
Skin", Cancer Research, 29, 1989) into five |levels of tunmour invasion, in
which level 1 corresponds to confinement within the epiderms, |evel 2
correspondsyh@gna@xasi on into the papillary derms, etc. RCK/EBAMIETt er native
system the extent of tumour invasion inam fromthe cornified | ayer is
expressed as the Bresl ow t hickness. The above  Technical Report al so
acknow edges that, in the case of nelandm, CD Neville ("Ml anoma: issues
of Inportance to the Cinician", British Journal of Hospital Medicine,
March 1985) diistdgesesisahd Birlogicat Behevioar of Poimary Mmmﬁgmm bet ween this

| evel of invasion and pr si,S.~_ Howeyer h ve, Techni cal ,Report does
not di scl ose Mﬁgﬂé‘ﬂéﬂ-"l‘ﬂé_ﬁgggﬂ hgang%\flie[{%ﬁﬁ?r E‘f g?' @ﬁk?ﬁ?ﬁ‘feg@"ﬁ@@éssa_r y
MeasUr eNeNt S-tymour AGGCASEH, N8 W chMével Te&RNspbRYER] dHiinehlrt Syittfin Vi ded a
met hod of non- i nvasi vél'y anal ysing skin structure, conprising the steps
of : (i) reaspidéemns, lefelo2 edrrespbradsitorinfasion mtethe pdpitlaryaderinds; atd.ons over

an area of skin under investigation sg as to _give an indication of the
variation in In agaitarnative sustam ctherdanof surgeer invasian 4 g3 fromithe neasuri ng

t he skin col our rdi ' ; [ ver sai d area of
e ki oo! Qo SR8 GOAS Gipkndt B Wbk P ORRET BRESRUR, (>0 9
calculate Cltérchﬂcdawegbnrhls‘@hwovﬂe_e?@ that, &8 1Y &lse vkl @Rabch
corresponds to a pr edet er m ned paP| | ary derm s thickness, and, (iv)

o

conpari ng t hdNedHeddvietnoria issules of iroportaigetodhe Sbinidiand'y Biritisk jayrnal i i )
with a ref erer} col gwi Ad:o.ord' athe Eﬁggg flor heal t hy skin of the sane
predet er mi nec® Eﬁ?ﬁﬂ'ﬁ_a VEUEN G atrﬁi_é SCIOSe e RELHEEE AR FONBsed for
locating and g thﬁ%ét%eﬁrtﬁﬂ%@étlﬁﬁiﬁ\flas?on anfﬁ(bfbgﬂgﬂﬁ’f FRIdver, th@ Whi ch

case the method further conprises e steps of;
above Technical Report does not disclose in detail any method suitable for

taking the necessary measurements.

According to the present invention, there is provided a method of non-
invasively analysing skin structure, comprising the steps of:

- (1) measuring infrared radiation frorn a plurality of locations over an area of
skin under investigation so as to give an indication of the variation in
papillary dermis thickness over said area;

(i) measuring the skin colour coordinates at a plurality of locations over
said area of skin;

(ifi) using data obtained in measuring steps (i) and (ii) to calculate
corrected skin colour coordinates over said area which corresponds to a
predetermined papillary dermis thickness, and;

(iv) comparing the comrected skin colour coordinates obtained in step (iii)
with a reference colour coordinate range for healthy skin of the same
predetermined papillary dermis thickness.

The method can be used for locating and measuring the properties of a

skin abnormality, in which case the method further comprises the steps of:
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i dentifying an abnormal |ocation (i.e. a regi-on where nel anin exists

within the derms) within said area of skin where the corrected skin col our
coordinates lie outside the reference col our coordi nate range; (vi)

cal i br ati n@otolvezegor rect ed skin col our coordi nates of saiRETHERIGINRE

| ocation with the corrected skin col our coordi nates of at |east one skin

| ocation having colour coordinates |lying within said reference col our
coordi nate range for normal skin, and; 3 (vii) using the skin col our
coordi nates to assess the degree of abnormality of said abnormal skin

| ocat i on. (v) identifying ababmodmaktagation . aregiop where metahirdexists i s
possible to reconstruct a. . full, 3D npodel. of the skin architecture which
conveys info ’i‘&h\eaFE@‘ﬂ yithin EHM?%BP'%"E BV"teﬁ%ﬁ‘ea‘é%ch&?Jg"f‘WP h

m croscopi cal.o SRR i | | i | . . It has been
found that tkgspaplﬁaﬁgkyhéggﬁgl‘e ﬁ?@ﬁgﬁggﬁﬁéggbtﬁﬁﬁgﬁgn eé mar kedly with

sone skin | efripralibhititig the conetctadt dkin vbloar eborddmates of saldbbnormdlhr ows t he
coloration of the skin off the surface of predicted coloration and so
can give ri sto@gonavish the saeeed sk erlounenardinatessef\at izast ane skki n

| esions. It | . j o .. der.m i ckness i s measured
first, and &%@'Qhe’ﬁ‘@%?‘g@?’g? P%@ﬁ%trggwﬁﬂéé%% (')rg?{'H]erétsL%ec ?%‘Ur coor di nat es
corrected tocgomigstetrenge frtharal kkia) andler m s thi ckness. Any arbitrary
value for this. thickness may be chosen, such as 2.0x10[err] mwhich is the
average val ulid aisingthetskin nelesn corrdinates to asvess thaidegreesaf abhotrhalitpapi | | ary
derm s may be.obtained by utilising the property of human skin to vary
its absorpti 8h%H a#’ﬁ?@?éﬁ'?éﬂ?%ﬂ%n with varying papillary dernis

t hi ckness. In general, there is an inverse

It is to be understood that using this method, it is possible to reconstruct a
full 3D model of the skin architecture which conveys information grossly
comparable to that available through microscopical examination of

biopsied skin tissue.

- {t has been found that the papillary dermal skin thickness can change
markedly with some skin lesions which are not otherwise of concern. This
throws the calaration of the skin off the surface of predicted coloration
and so can give rise to false measurements of the histology of such skin
lesions. It is for this reason that papillary dermis thickness is measured
first, and subsequent calculations are based on the skin colour coordinates
corrected to a predete!rmined papillary dermis thickness. Any arbitrary
value for this thickness may be chosen, such as 2.0x10™* m which is the

average value for healthy human skin.

The t!hickness of the,pépillary dermis may be obtained by utilising the
property of human skin to vary its absorption of infrared radiation with

varying papillary dermis thickness. In general, there is an inverse

{
'
'
1
t
t
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bet ween absorption and thickpess. The fact that infrared radiation is
al so absorbed by other materjal's within the skin, particularly mel ani n
and blood, is a conplicating. factor. However the effect on absor pti on of
varyi ng biwmssmaeed nel anin content is far. smaller than t ReVCBEMPEE: of
papillary derm s thickness, and so the l-atter may still be nmeasured. This
can be done by obtaining two infrared images, each at a different
wavel ength. The chosen wavel engths are?not inportant, but one shoul d be

further into the infrared (ie at |onger wavel eg_g{eg) t han the other.
Sui t abl e wavelatierghip behveernplsogption 800 HhickreEs6 aehthat infraredat  readily

avail abl e infrared. fiil, i |t - brj of

poi nt's Wthf#'gtﬁgpfsngéggg%ﬁ}gfégh Ogbéﬁﬁg r@ﬁsg‘&r&ﬁ\%at\bg}gﬁgﬂ?%ﬁ% ected to-a
greater extgidlakivi a0y bidodoRsa tomplieatirapiabiods VHalesvarahé Bifedtgss. Conversel y,
the i mage obtai ned at shorter wavelength will be affected to a greater

extent by oahmrpﬁan@fivanénsb;?othéndrm in canteriliofad smelleptheditbe i ng t he

bri ght f pgoints of, ditferi iyl 1S thick d t
of  opi dor maefag dhfa ary st Bl ¥eE AR o tRE LR Rt ot e two
different | Hd3ufd "HEERBEtoneby BhEIARE fwdliARlkfiied) 28R aPg 0D ai ned

whi ch consists of |ines of constant papillTary derms I ¢knéss, wherein
Primary 1 i differentwagelengthntTheaclosat wavelenptigeara(rad 0mpoaantbut onavel engt h
and Primary 2 is the neasurepent, mage, at .the shorter (600- ~ 800nm

wavel engt h. shedass F%odggmfﬁﬂgjﬁet%il?ﬂﬁeﬁé%@’ )dhan the other. very

oo sad lliEBld vAbelhgyPEAKiAL Kol Moot bl BRI SRl OO

800nm and even less for rst appraxi natl on may be

i gnor ed. Theegdilys/adiablef infrererbfilmedracthfiiters aey bausedi UTiee Brighflkedss &7 r or in
the range of |ow values for both primaries, but this is insignificant in

br acti ce. th_e'mts jthio ﬁﬁ)%rna@e ohteinas ai_ﬂhailcamr wa_vselim& igeﬂf%!ctadgﬁ_ms aen
Hovever 1t BEARTARA G itot3 e Bel etk ufkesh Eonherashy "

the image obtained at shorter wavelength will be affected to a greater

extent by other materigls such as melanin and blood. By predicting the
brightnesses of points of differing papillary dermis thickness and amounts
of epidermal melanin which absorb near-infrared radiation at the two
different infrared wavelengths, a reference graph (Fig 1) can be obtained
which consists of lines of constant papillary dermis thickness, wherein
Primary 1 is the measurement made at the ionger (800-1000nm)
wavelength and Primary 2 is the measurement made at the shorter (600-
800nm) wavelength. T::he absorption of blood within these wavelengths is
very small (a hundredtﬁ of its peak value for visible wavelengths at 600-
800nm and even less f(::)l' 800-1000nm) and to a first approximation may
be ignored. The presence of dermal melanin does introduce a small error
in the range of low values for both primaries, but this is insignificant in
practice. Thus, by cqn';paring values obtained at these wavelengths with
this graph, it is possiblé to ascertain the papillary dermis thickness.

However it is within th:e scope of the present invention to measure
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such a long infra-red wavel ength eg. 1100nmthat the bri ght ness woul d
vary to such a negligible extent with nmelanin and bl ood content that it
woul d effectively depend solely on the papillary derms t hi ckness. This
woul d al soweesheoss t he error introduced by the presence FCVCBIEIME nel anin.
In such a case only one set of brightness neasurenents woul d be required.
Furthernore, a transformation can be calculated which allows an inmage of
the skin to be created whi ch:represents5how t he skin woul d appear if it

had a papillary dermis thickness, of any pr edet er m ned, val ue. In a
preferred enightiesstat sugh ar’@ﬂér"éfrﬁ%‘éﬁ‘g‘d%ﬁﬁnﬁfgcﬁ&ﬂ il gpam Bayber or nor mal

skin at the \ptedeterm L1 Lekn | ' S

di scl osed | nﬁrfﬁgnﬁﬁo 88%‘(1@?%5@#%0%%@&% %ﬁﬁﬁﬁgi"%ieﬁf@ﬁ@g’ﬁ ace

| yi ng Wi t hi neghrbht g Bivieinel aeetivel9! depend BaREy onithé p@iiflaff déryis boundi ng
axes relating to the amount of nmelanin within the epiderm s and the ot her
rel ating to thitknesouThisofobidoasp mduserthe prodintraducedhivyithe presesge of

cont ai ni ng dernma |l anin is |ocated o not |lie on the nornal

| . e. points
col our sur f A¥MY ﬁ'éng'@BVHe'r”nséﬁc r?eF%fﬁquYlﬂpﬁégwf{hﬂ%h????Fé“%ﬁsla'EFm%“tésti nat ed
by either 1 elpLRNGE dduildl FOURATSE & RhAorRRRHLARLE caRlfifed O nOr M
skin within regions 1dentified as normal, or by reference to the epidernal
mel ani n | evelhidhadltowsae dmage bf thenskimid be egated whilgtaepnesents savdhar ea
cont ai ni ng dermal nel anin. i s val ui is then used with the corrected
col our coor dikiauldRppgar ﬁbﬂmlpaP Brodermis thigkagssof 3r¥det er ni ned
papillary dernj Is to compute invasion depth and concentration of
dermal el arﬁ@éﬁglﬁéﬁ?é@?éd skin col our coordinates for the area of skin
under investigation may be calibrated to val ues equivalent to zero
epi dermal nel anin. |Instead of using LMS col our space, it is possible to
WO 98/ 22023 In a preferred embodiment, the reference colour coordinate range for

PCT/ GB97/ 031r?o7rmal skin at the predetermined papillary dermis thickness i(s3 obtained as

disclosed in the above—;mentioned Technical Report as a curved surface
lying within a three-dimensional colour space, with one of the bounding
axes relating to the amount of melanin within the epidermis and the other

- relating to the amount of blood within the dermis. When an area
containing dermal melanin is located, i.e. points do not lie on the normal
colour surface, the epidermal melanin value within this area is estimated
by either reference to the reference colour coordinate range for normal
skin within regions identified as normal, or by reference to the epidermal
melanin levels calculated within normal regions adjacent to said area
containing dermal melanin. This value is then used with the corrected
colour coordinates of tb.)e abnormal region at the same predetermined
papillary dermis thickness to compute invasion depth and concentration of
dermal melanin. The c;orrected skin colour coordinates for the area of skin
under;’ investigation maiy be calibrated to values equivalent to zero

epidermal melanin. Infstead of using LMS colour space, it is possible to
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“use any other colour space, for exanple, the RE colour space or a W G
| R col our space. The dermis contrasts strongly in structure to that of
-the epiderm s, being hi ghly vascul ar, containing many sensory receptors
and bei ng nade | argely fromcollagen fibres to provide the essenti al
structure of the skin. Between the epiderms and the derm s, the
j.uncti on pwRSRRE®@3an extrenely uneven boundary with fRFERTOIZE der mal
protrusions called dernal papi |l | ae prejecting towards the skin surface,
The derm s can be split into two further histologically distinct |ayers,
the papillary derms and the reticuld dermis within which the structure
of the collagen fibres differs significantly. The papillary derms is
si tuat ed di r aselanylmthemcalber sprage foriexampletie RG Bicalomnispice drea & Gagen
exists as a fjne network of fibres. This is in contrast with the
reticul ar derdRiSOIQ¥IRIChe col | agen fibres are aggregat ed into thick
bundl es which are arranged nearly parallel to the skin surface. In the
case of nelanin invasion of the papillary dermis, there is a | ayer
cont ai ni ng bl Theddemnik zontrastsstromg !y gy structare wythat obtheapiderenisibdieg bl ood
and col |l agen or nel anin and col | agen, dependi ng upon &et her el anin has
passed t he blhighivivaseular, gamtaining Bany serservareneptars and bejngmade The

Concentr at i ol NPT fOIAES HbreElpanidd theiBelial S BLACRE ARAE | 1 1
overlying epigitiviieh thé kBfderimiai®tid d@ehit, itBBjunctitinSpredhtdsn ERE8MeRA by

calculating the net effect of these three |ayers for the differin
paraneters uneyehibmsndary withAingerdikesiermal produisionsd ealled dermalt he optics of

t he skin has been described iin,the.aboye tioned n 0.Q Cotton's
Techni cal RegifAiae pr%%g]g t&?”?é?%glﬁsi"rﬁg‘é#%ﬁ?en en‘%%%?’ﬂ@?éaﬁt e
reference, a fiirhefBikeblogically distindlB¢s2 i ;

SRRl 031%‘46 réhefBfkedlogically distindO18fs Wﬁap:llaryderm:s7and the

reticular dermis within which the structure of the collagen fibres differs

significantly. The papillary dermis is situated directly below the epidermis
and within which the collagen exists as a fine network of fibres. This is in
contrast with the reticular dermis where the collagen fibres are aggregated
into thick bundles which are arranged nearly parallel to the skin surface.

- [n the case of melanin invasion of the papillary dermis, there is a layer
containing blood, melanin and collagen, a layer containing either blood
and collagen or melanin and collagen, depending upon whether melanin
has passed the blood layer; and a layer containing just collagen. The
different thicknesses of these layers, the amount of blood and the
concentration of dermal melanin along with the amount of melanin in the
overlying epidermis affect the remitted light. This can be modelled by
calculating the net effect of these three layers for the differing parameters
outlined.

A mathematical model describing the optics of the skin has been
described in the above mentioned Symon D'O Cotton's Technical Report,

whose disclosure has been included herein by reference, and this mode!
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can be extended to predict coloration of skin containing dermal descent of
nmel ani n. As can be seen fromFig 2, there are now four distinct |ayers
wi thin the derm s which can conbine to construct a sinple nodel, 1) a

| ayer within t he upper papillary derm s containing no nelanin, 2) a |ayer
W thin the upper papillary derms containing nelanin, 3) a layer within
the | over wo@Bssl ary dermis containing gelanin, 4) a | BFEFBHPHIn t he

| ower papiffary derm s containing no rrel anin. It should al so be noted
that the condition of nelanin existing up to the derno-epidermal junction
is facilitated by allowing the thickneds of layer 1 to be zero and

| i kewi se nmelanin can exist up to the papillary-reticular derm s, boundary
by setting édiebé eitdouestogiretiay colosatian ekskir containing derpalfigscemPla nmodel to
predict this coloration it is useful to nmake note of the fact that, as

di scussed imesdhi on 2.1 of the Technical Report, the anmpunt of back
scatter due to nelanin can be considered negligible. Therefore, in the
same nmanner that it was possible to apply the Kubel ka- Munk theory to the
papi | | ary daghf Hessehi feomFig 22there arendwdbar diatinct IRggromithin the conput e t he

coloration of sections of papillary derms. cfont aj 5“13 IbI oqd h.\/\/nere t he
back scat t edermgiso¥nishrRaR CRPIReIBFORaiEuct 33D %Elnd?'n %Flﬁ?rb‘f’g,mit is

possi bl e to, ,conpute th 0 ' . t : WAk anin. In
Phis oi tuat HoroperRani e ahfth s Biing B Thettfin, ZTRrBn BT T 1
wavel engt h Wﬁé&ﬁ%aﬁiﬂﬁfﬂ déiiniia coheiniak meldhia, i3pa lajas wvittdd thetoweuni t pat h

| engt h) becohes [err]([err],[err], er_r]‘g3 wher e [e_rrﬁL represents the density
of der nmal papillany demntsrdantaining n, B leverwithis hedpywgr pariliproof gi ven
in equation (17) of. the Technical Report, [err] ([err],[err],[err]) can
be shown todﬁfe‘gtstfzé’“ta'"'"g no 88 22023

PCT/ GB97/ 03177 8

It should also be noted that the condition of melanin existing up to the
dermo-epidermal junction is facilitated by allowing the thickness of layer 1
to be zero and likewise melanin can exist up to the papillary-reticular

dermis boundary by setting the thickness of layer 4 to be zero.

- In computing a model to predict this coloration it is useful to make note of
the fact that, as discussed in section 2.1 of the Technical Report, the
amount of back scatter due to melanin can be considered negligible.
Therefore, in the same manner that it was possible to apply the Kubelka-
Munk theory to the papillary dermis (section 3.2.2 of the Technical
Report), to compute the coloration of sections of papillary dermis
containing blood, where the back scattering component of blood was
considered negligible, it is possible to compute the coloration of sections
containing melanin. In this situation g(A) (scattering coefficient) remains
dependent only on wavelength whilst o, (fraction of radiation absorbed per
unit path length) becomes a{A,p,®) where & represents the density of
dermal melanin within that layer. Further, following the proof given in

equation (17) of the Te;hnical Report, o (A,p,®) can be shown to be the
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sumof [err]([err]), [err]([err]) and [err]([err]), where [err]([err]) is
t he absorption coefficient of nmel anin. Fromthe above it is possible to
calculate R and T (diffuse radi ati on and transm ssion respectively). For
sinplicity of notation it is hel pful to consider R err] & T[err] where,
Rierr]([err], [err], [err], dlerr]) = R([err](k([err]([err],[err],[err])),

[err]([errk&&%f/z&t}zh)) K(k([e”]([e”] [err] [err])), [errperenemesimrr]))) .

dierr]) where d[err] is t he I_ayer t hi ckness. As was shown
in section 3.2.3 of the Technical Report, two-layer systens can be
conbi ned to produce the total . remtted #nd transmitted i ght for t he
derm s resulting in equation (20) of the Technical Report. Thi s can be

sinplified us'urrgof hg(i\g,eagfiel arimt rs,gm eysshere an(A) is the absorption coefficientoh + ar +
ar[err] + arf[err]

Rlerr]([er r] rpellaﬂ]n+[ Eiam the éF?‘fe apmas bﬁe‘%@'wia‘f‘% Fé’\d]T fdiffuse qrerry) +
EI'Eare;]r] ([err] r%g%?‘?x[ e’ﬁﬁi}{"’éﬂ’%ﬁ?? S?SC—P%IEFWX} OFJ}%]'mphcmﬁ'ﬁfen%tagaﬂa fons can be

extended, as Hedpfalh@y@oRsideBR, &T,a%he{el%l] to an n | ayered system
resultlng I n values for Rgerr and T[e :J

Rlerr] Rlerr] #flepP.d,)=R( (k(a(k,p,tb)) GAM, K{k(oe (A p, BN, s d, )T err] =
[err] WO 98/ 22023

PCT/ GB97/ 031 2Pd

I (A, p, ®,d,) = T(B(k(x (R, p, D), (s (M), K k(e (A, p, D)), (s (A))).d,)

where d, is the layer thickness.

As was shown in section 3.2.3 of the Technical Report, two-layer systems
can be combined to produce the total remitted and transmitted light for
the dermis resulting in equation (20) of the Technical Report.

This can be simplified using the geometric series

a .
a+ar+ar® +ar’+---=i——1f-1 <r<l
—-r

to

3, pmladml)ZRw(A-s Pusdis)

R O PogoPio Bt as) = Rog M Prars) +
it (s Pt Prar ) = B s Prutn) 1=~ Ry (s 0,054, ) Rt s P ran )

Similarly, T can be shown to be

du)__ T (A, Pussd,s) * T,‘,(l Pusdu)
L= Rpy A, 0430 ) By (M, 0 195d10)

These equations can be extended, as is shown by Wan et al. [1981], to an

7;mal (L,p w3 pld:dmh

n layered system resulting in values for R,;_, and Ty, _, of

Tz 12,.51-1 R,,
1 th u-ch

— 71:..»1 J;I

TZ..J! -
l l- Rlz.m-l Rﬂ

Ry, =Ry o+
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- 0. This system of equations can therefore conpute the total remtted and
transmtted light froman n |ayered systemof arbitrary conplexity

provi ded that the thickness and conposition of the layers is specified.

For the four-layer systemshown in Fig 2, this results in a value for the

t ot al light remtted and transmtted fromthe derm s dependent on [err],
Plerr], Ph@é a220 dierr], d[err], dlerr], [err], d[err]rcwicBg788x7Y where
dlerr] an dferr are the thickness of l|layers 2 and 3 whilst [err] and
[err] are their corresponding nelanin densities. The t hi ckness of | ayer
1 and layer 2 do not need to be explici9ly defined as they are sinply
dierr] - d[err] and d[err] - d[err] respectively; simlarly [err] and [err]
are zer o Thys sigtdmidfieqatidns van Hesreforexbirfpute theowtalsepitied bhd if it is
assuned t hat [errL_ = }err]! | eadi na to a s{%gl_e val ue of [err] for the
dermis. trans@itted lightirem amadayerad 4y semsoiRIRitRIY COMMEEH wi th t he

dicted |ight, Lite ] [ 1Sl . S . t hat
i scussed i povided shaiRThindsdind QG RBN U4dng Ty s DERERR g ("t e
fol |l owi ng description of total remtted, S[err], and transmtted S err].
Slerr] ([err], [err], [err], d[err], d[err], d[err],d[err], [err], dlerr]
d[: 1l For (tjiEe fot.]|r~lg er sy]ste[m sh?wn in Fig( F[ this }eés%:ﬁs | ;wﬁ[ua]"fg{ [xh@t?a)alr] :
err],d[err],d[err],dlerr],[err err err],d[err err err
S[err] ([er thhP[‘Qmit}e,d wﬁéimﬁfnm%i'{f?tﬂd%‘érde}‘?"}!ﬁ gepgndengPRIA, [Fea R d[ err]) =
T ' .
P% ot } ( [P‘[a:a; H«,!'cﬂffé iz Qs 309 S vihers die andids 2R the thickpessiaf laYes 2y [er ] (|
Th : i ; [ LMVS
o D o The :?Whu(%gdé%frgdzgg%%ecﬁbﬁtcoh‘&?pdﬁdrHE rﬁélaﬁi’?:ed&mtfé’s?pﬂi“éd' ng
PCT/ GB97/ 03%Hitkness of layer 1 and layer 2 do not need to b&Oexplicitly defined as

L(P[err],[err],d[err],d[err],d[err],dlerr], [t_err] ,dlerr])=
they are simply d,q4 - dj; and dig - dy; respectively; similarly &), and @, are

zero by definition. A further simplification is possible if it is assumed that

®,, = @, leading to a single value of ® for the dermis.

The results of these equations can be combined with the predicted light
transmitted by the epidermis in the same manner as that discussed in
- section 3.3 of the Technical Report, thus leading to the following
description of total remitted, S,,, and transmitted S,,.
St (A'apwl’pldsdul!dldrdlzi’dli , 9.d,) =
Rt P sPrasPrss g,y dpy ,dmm)e(l,dm)’S(l)
S s oys P18y dyysdp 8, O,d,) =
. Datotet Mo B s P1g s Bt 15y o iy, BP (A, 4, ) S (1)
These can be used to predict the value of the corresponding LMS

primaries
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[ eFr] Mlerr]) = [err] S([err]) =
[err] A further generalisation can be nade to any primary, Plerr],
| eading to the follow ng equati on where S[err] defines the spectral

response of that primary. Plerr]([err])= [err] Thi s equation can
then be used to generate the expected col oration of human ski n exhi biting
der mal dese&wnssad2zel ani n. The result_ of this anal ysPFEVFBNBYIY it is

possi ble for the same coloration to result fromdifferent conbinations of
t he above paraneters. This conplicates, t he nmeasurenent of the dernal

I nvasi on of nelanin, (but not i dentifV¥1 ng the presence of any dernal

nmel ani n). | ndeed, to, obtai ndt hi s nmeasurenent, it is necessary to know the
amount of nelfARurP i rFuts A Frs G\*/‘@r‘ﬂ)ﬁg epi derm s. However, at points where

dermal invasion has takerf,_ place, this paraneter is difficult to determ ne
sinply by conparing col OUJ’R’ZIMQUBMPﬁ&éreg‘J n=f’h§’)ﬁ%§-ﬁ)n‘§p“)rg@@§ on with

col our coordinates for hs‘;}t y dsl)<| n. It is for this reason that, in the
pr esent inver’ﬂt{(R):n’,Plnrvégi’% er®du)Fer mal nel anin exists are identified by

reference to a reference &o| our coordi nat e ragﬂg f or 2health skin, and
then the col our coordi nat 40522@&(At’ﬁefsﬁld'dmr'égi‘{mdu (e€abdfodnid)Xh t he col our

coordi nates at one or noré nor nal
S(pul’pld’dad!dhh dl!’dﬂ’oidm) =

J-R-zmm (A P> PrsBuasdig i dys, OB (R, d,, ) S(A)S; (M)
?

A further generalisation can be made to any primary, P, leading to the

following equation where S, defines the spectral response of that primary.
B (PussPusBussdys dpydyy, 0,d, ) =

J.Rznlal (s Pugs Pras@rasiasdpy s, ©)0 (M,d,, ) S(1)S, (R)dM
0

This equation can then be used-to generate the expected coloration of

human skin exhibiting dermal descent of melanin.

The result of this analysis is that it is possible for the same coloration to
result from different combinations of the above parameters, This
complicates the measurement of the dermal invasion of melanin, (but not
identifying the presence of any dermal melanin). Indeed, to obtain this
measurement, it is necessary to know the amount of melanin in the
overlying epidermis. However, at points where dermal invasion has taken
place, this parameter is difficult to determine simply by comparing colour
coordinates of the abnormal location with colour coordinates for healthy
skin. ‘It is for this reason that, in the present invention, regions where
dermal melanin exists are identified by reference to a reference colour
coordinate range for healthy skin, and then the colour coordinates of these

regions are compared with the colour coordinates at one or more normal
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| ocations. If said normal skin |ocations are adjacent to the region wher e
dermal melanin exists, it is sufficient to use the epidermal relanin

t evel s cal cul ated for such normal skin |ocations to estimate the epi dernal
nel anin | %8'9?[21?153 the regi on where dernal nel ani n exi sts pitieomasirvel y, it
is possible {0 performa neasurenent of the epidernmal nelanin |evels

wi thin areas of the skin where the presence of dermal nel anin has been

i dentified, by assessing the deviation 41 coloration at the blue end of the
spectrum fromthe reference col our coordinate range for normal skin due

to the preseﬁk@m&éat%g gL A orAR mrﬂoca'ﬁ‘oﬁsrﬁe@dﬁ&eﬁﬂ% e fd@forspect rum

the increase I n suc viation quickly slows with increasing depth of

mel ani n penewhetd dernoalt mielamiy exists; it is suffictentitd use the epidedmaBneadasinni ng
that the depth of nelanin penetratiop W t]hi n the derms is |arge enough for
such sat ur atlevelsialadatedsor suehaormal €dr logationstto eatimats thereridermam ¢ he

ot i mate. al ITBRANT Aayelh ALl PR whefe HRER et B8R0 AUFBE M un ng
no dermal - el Hashh| & pbHBfR nBallrerhe bP iefediBelhal MBldi 16ag di nat e

range for nor skin, = of e level of epi n I's within the

scope of thewjthBsareasiofteeskianwvheretbapresenicoofelermal mdlaninlaisibeehevel s
directly, for exanple using polarised light, and to incorporate such
measur ement sdentified, by assessing the dgvietipn iaseleration at die hiue end ofitheabove

net hods, the effect of \gﬂat t%)ul d ha}ve beer&.t r}e nOfﬂrnaI epi der r’gal nel ani n
level in t hePESHEPHIOBING PSR RHRCOUCIngtg rangs tor Sosmabskin, dyser eby
enabling a 1"BnfedrestitlefofRich dBrR Mdlafh. AﬂﬁLﬁﬂng At eRE spectr
conparing the vallues of the skin i1nmage represented in a certarn cof our
space with tthednetdasalih suchideviatioadiuiekiyehoveowith ingreakingidssth fe anount's of

melanin penetration until a “saturation point” is reached. By assuming

that the depth of melanin penetration within the dermis is large enough for

such saturation to have occurred, an estimate of the deviation from the

reference colour coordinate range for normal skin can be made. This

estimate allows a calculation to be made of the skin coloration assuming

no dermal melanin, and therefore by reference to the colour coordinate

range for normal skin, of the level of epidermal melanin. It is within the

scope of the present invention to measure the epidermal melanin levels

directly, for example using polarised light, and to incorporate such

measurements in the measuring step (ii) above.

By any of the above methods, the effect of what would have been the
normal epidermal melanin level in the abnormal skin location can be
taken into account, thereby enabling a more accurate determination of
melanin descent

By comparing the values of the skin image represented in a certain colour

space with theoretically calculated values covering all possible amounts of
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mel ani n penetration and nelanin concentration within the same col our
space, the values of those three paraneters can be obtai ned for every
point in the imge. Since the papillary derm s thickness and epi der mal

el ani n coiopghads e known, it is possible to conpute a deCHEPHWILT7

t hr ee- di nensi onal reconstruction of the top layers of human skin. This is
of great potential interest to the nedical profession and enabl es routine
exam nation of the internal structure of2living skin just as X-rays, NWR
and ul trasound are used for exam ning other parts of the body. It is
al so wi t hi n bloadadesmapmelanin ipenetrebon Rod melanioceancentradon mithén thel and/ or

vi si bl e i mages sing lasers of different wavel engths or usi ng
spectral anaf%"gf—‘§9ﬂ’“r s%af:’t"' :ﬁg Vﬁgléeéi%ﬂéoﬁegtﬂfﬁeep%{amﬁ%ﬁtcé?%ﬁr%;f"&ﬁﬁed with
the above al gQrd i Ny inbe @t ver, before
t hese cal culg)?iéaﬁmgﬁﬂ n t%egﬁgg glbedfﬁﬁhéﬁuggga&o?ﬂiﬂﬂéegfee%% ski n under
i nvesti gat i oapidesinabmelaninapnesrere dnown; tds passtbleab eommpaacietsilegdor t he
normal skin reference  col our co,ordifnﬁte range. This can be_done in a
number of wajfyeedimgnaonal (gpnstryianohing dor (averoef himan skinarBhisisqui r ed

froman i mag i o | ' condi tions and,a CCD.canera

cal i braced i bieet BafebiaL @0 i ThbEaGB RO H ol atesroR B8] s n

reference cobatira@iontbitAkentefitd Structurd\bf BURBLskiefuét ad K-rYQRINMK drde sane

lighting conditions are not used, a white st andard or of her appropriate

correction faltraspundareased it examiningvether partsi dfrthe ibodyoflt istaésa withim Wi t hi n

the software, As a Bgrt her alternative our inmage can be acquired
r

o col . ca

using a col offte FBEST S IERtan 10, acaliTe the infrated Angl o visikle ImABES can be
ng a col oft® i | i ikl ]

e bt o SLfiPg dacerebt BifRFdthdMendiiTor by LLBBIBAPRNSIOTP 200 &

usi on
ot her appropriate correction factor. It is within the scope of this
i nvention to obtain both the infra-red and visible inmages with WO

98/ 22023 It is possible to use a computer programmed with the above algopitiitheB® 7/ 03177
perform the actual calculations, However, before these calculations can
be performed, an image of the area of skin under investigation must be
represented in the same colour space as for the normal skin reference

- colour coordinate range. This can be done in a number of ways. In one
way, the skin colour coordinates are acquired from an image using the
same lighting conditions and a CCD camera calibrated in the same way as
that used to produce the healthy skin reference colour coordinate range.
Alternatively, if exactly the same lighting conditions are not used, a white
standard or other appropriate correction factor can be used to allow
calibration of ghe image within the software. As a further alternative, a
colour image can be acquired using a colour photographic film which is
then digitised. This can be performed using either exactly the same
lighting conditions and a calibrated set-up or again with the inclusion of a
white standard or other appropriate correction factor. It is within the

scope of this invention to obtain both the infra-red and visible images with
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13, a single digital canera or to calculate the value of the necessary
pr.i maries t hrough the use of spectroscopy. The present invention wll

- now be described in further detail and with reference to the acconpanyi ng
drawi ngs, in which:- Fig 1 i's a graph show ng variation of brightness
with papillary derms t hi ckness for primaries 1 and 2. as descri bed
her ei nabovg& 9sm02§i g 2 is a schematic cross-sectional vi eorichyregly a
section of 'skih illustrating nelanin descent into the papillary derms;
Fig 3 is a schematic cross-sectional view through a section of skin
illustrating normal, healthy regions angi an abnormal region where, in this
case, nelanin descent into the papillary derms and the reticular derms
has taken pl asigle di ifd] @ather# of td kaleklate 8 viTus BOWe Wedebfary bifariegdvol ved in
one enbodi ment o %he met hod of the present invention; Fig 5is a
di agr am showthrgughé¢heueel ot spettmscoépre of normal skin coloration within a
t hr ee- di nensi onal col our space; . Fig 6 is a diagram show ng col oration
wi thin the skin cancer that is shown in Fig 7 in the sane 3-D col our
space as depi | F . ' o 0f: I I
col oration aﬁég’ﬁ%ﬁf '%%éﬁ |on"WE|r gbg' %Sgégﬁg? 58?@%’5\?9#&%@@% &{Tﬁe skin
cancer. reference to the accompanying drawings, in which:-

Fig 1 is a graph showing variation of brightness with papillary dermis

thickness for primaries 1 and 2. as described hereinabove;

Fig 2 is a schematic cross-sectional view through a section of skin

iHustrating melanin descent into the papillary dermis;

Fig 3 is a schematic cross-sectional view through a section of skin
illustrating normal, healthy regions and an abnormal region where, in this
case, melanin descent into the papillary dermis and the reticular dermis

has taken place;

Fig 4 is a block diagram showing the steps involved in one embodiment of

the method of the present invention;

Fig 5 is a diagram showing the predicted surface of normal skin coloration

within a three-dimensional colour space;

Fig 6 is a diagram showing coloration within the skin cancer that is shown
in Fig 7 in the same 3-D colour space as depicted in Fig 5, wherein areas

of normal and abnormal coloration are shown; and

Fig 7 is a photographic image of the skin cancer.
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14. -Referring nowto Fig 3 of the drawings, a schematic skin section is
shown wherein nelanin (indicated by the black circles in Fig 3) in
normal healthy -~ skin are present in the | ower part of epiderms 10
adj acent but above the der no-epi dermal junction 12 between the epiderms
and the paridbsuases derms 14. The Bresl ow thi ckness rePETGBHMBY7above is
t he depth of melanin invasion in mllimetres nmeasured from granul ar
| ayer 16 which is a layer in the epiderms 10 where the skin goes scaly
and forms the tough outer cornified Ndyer 18. In the abnormal region of
the skin, the nelanin is shown as havi ng descended not only into the
papillary derm s 14, but al so into the underlying reticular derms 20

| yi b t bcut f I 22, It is to b i ated that,
o nar s AT G b, b L b Er PR s
even be into ¥ in Fi ' o Fig 4,
there is shom%ngreﬁ#gﬁsaﬂﬁggﬁﬁtﬁ Ibaé?%g@rﬁg&%’ Lees. n F'%ngé‘gﬁ?*r??/%”\%ﬁh?n a

typi cal net hogtimarapesentanahe |owernparo bflgpidermist 10 adjecent but @bevé thenvent i on.
In Fig 4, block 38 exenpljfies nethod ste? (i), above- t he _determ nation
of papil | ary desma-epideraalisgstion 12hetveen the erideemisiags;thgmapillaryo

wavel engt hs o e f i ' | r nt. and

measuri ng ¢ heleifte H° G Bisplol FHERsE RG] R ab SRR CRIB UL TIES Wi i
that area. B thefhirftthvaxmoinihilkmetes hishsetedrdrhigraraliavRyet e wiGenisi tion of
an i mage at visible wavel engths of the sane skin area. This can be by

CCD canera, i liver inethefgpinemnis dQywhetethe skimgassscalyranarformpthe tough
correct ed col P SHRUERbIRYehLB SRl aRitarial e B SRRk ifribe BB ry
dent 1 cat 1R P e oy i e PR e byl

into the underlying reticular dermis 20 lying above the subcutaneous fat

layer 22. It is to be appreciated that, in other cases, melanin decent can

be into any layer of the skin and may even be into the subcutaneous fat

layer 22,

- Referring now to Fig 4, there is shown a block diagram illustrating the
steps involved in a typical method of measurement in accordance with the
present invention. In Fig 4, block 38 exemplifies method step (i) above-
the determination of papillary dermis thickness by shining infrared light at
two wavelengths on an area of skin being subjected to measurement and
measuring the amount of light reflected from a plurality of points within
that area. Block 40 exemplifies method step (ii) above- the acquisition of
an image at visible wavelengths of the same skin area. This can be by
CCD camera, digitised film or any other convenient means. Block 42
exemplifies method step (iii) above- the transformation of the image into
corrected colour space of the skin model at a predetermined papillary
dermis thickness. Block 44 exemplifies method steps (iv and v) above- the

identification of regions containing dermal melanin, by comparing the
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. colour coordinates with the reference col our coordinate range. Bl ock 46
exenplifies nethod step (vi) above- use of the corrected col our space to
cal cul ate the anmounts of epidermal nelanin Wthin normal regi ons adj acent
t.o the regiengeeat ai ning dermal el anin and use thereof PCTAGBIYIBYE an

i ndi cation of the anpunts thereof which exist in the regions cont ai ni ng
dermal nelanin. Block 48 exenplifies a first part of nethod step (vii)
above- cal cul ation of dermal invasion uB ng the neasured - col oration of

t he abnormal regions and the cal cul ated anount of epi dermal nelanin from
46. Bl ock 50 ceneotediskiresokwus €oordinptas withf the: raferérnok edlopr ¢edrdjnaabdove-

Lhe Br 651 ow GRG0 THRERNBsenelaE s o sbavey s BRheRATecRh be
reslow £ _ 1R ) a0y 4 8 _
Chowi ng. i nvaCPishT gpace [ ERE RS ule dim Bt B Bpidel AUP et iR w B B OC

surface i ndi ¢agiens hbjacenngeheafregionslcontining devhakimeldin and Hse thersf mal
heal t hy skin corrected to the pr edet er m ned ggi | lary derm s thickness.

Ski n col or at tegiveva trdicatisuy of thefarapynts theredfrwhich exid in the wgionse of der nal
mel ani n. Ref er.ring now t 1.0 d 7. it _can bhe seen that, a region
of the skin coﬁ;ﬁ"&'ﬂgi rgﬁgm??ﬁn,:ﬁfao% gﬁ(?xmipi'hef’ §?V§cﬂat§ta?€e}ﬂe§5’§’dar row Hin
Fig 6 lies a HPASAd [ ePaeH i i d surface

i1 lustrated %ﬁpﬁa??&@%‘ﬁgl%ﬂﬁi cati ve”g\%sﬁ%{%%ﬁé ﬁfaé;ﬁe%@’g I n, whereas an

adj acent r egicoloratiomdf thet alshdrynad reginntjandh the cal6ullateekarnousi ofe such surface

and is indicatiye of skin contaigjn er mal | ani n. nparj son of the
col oration ofPt ’mq'%";:{’a?rac tQL’égi %Jﬁf?s@@ﬁﬁﬂ ®3tafe depth of

mel ani n i nvagiQhok Utep @Qfa@&r@rtm'sfdrﬁﬁhen oPthd BAcSitdY 48kl Invastdh P€
comnput ed. 98/ 22023 :
PCT/ GB97/ 03167 melanin into either the Breslow thickness or the Clark's level of

invasion. This can be reparted as either representing the maximum

invasion or as an image showing invasion over the skin.

Referring now to Fig 5, the shaded surface-indicates the range of
R colorations which can exist in normal heal}thy skin corrected to the
predetermined papillary dermis thickness. ' Skin colorations which depart

from this surface are indicative of dermal melanin.

Referring now to Figs. 6 and 7, it can be séen that a region of the skin
which is shown in Fig 7 and which is indicated by arrow H in Fig 6 lies at
a position corresponding to part of the shaded surface illustrated in Fig 5
and is indicative of normal healthy skin, whereas an adjacent region
indicated by arrow U in Fig 6 lies outside s}uch surface and is indicative of
skin containing dermal melanin. Compari'son of the coloration of these
two adjacent regions H and U enables the;debth of melanin invasion in

the abnormal region of the skin in Fig 7 to f’be computed.
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16~ CLAI M5 1. A met hod of non-invasively anal ysing skin
structure, conprising the steps of: (i) .measuring infrared radiation
froma plurality of |locations over an area of skin under investigation so
as to give an indication of the variation in papillary derm s thickness
over said area,; (ii) measuring the skin célour coordinates at a plurality
of | ocati oRgoospzs sSaid area of skin; (ii11) using dat XCEIEBATARRY | n
measuring steps (i) and (ii) to calculate. corrected skin col our

coordi nates over said area which corresPonds to a predeterm ned papillary
derm s thickness, and; (iv) conparing & he corrected skin col our

coordi nates obtained in step (iii) wth a reference col our coordinate
range for healthy skin of the sane predeterm ned papillary derm s

thi ckness. CLAIMS A net hod according to claim1, conprising the

addi ti onal steps of ; (v) identifying an abnormal |ocation within said
area of skiniwhere Atreetharbof rot-éuvasively amlysing skiarstiucturescomprisingsi de t he
ref erence col our cqor di nat e range; (vi)-calibrating the corrected skin
col our coor th?a%téesﬁ’?: sai d abnor nal | ocation with the corrected skin

col our coor dmﬁ{&iuﬁﬁﬁ%fr&"eﬂsﬁad@i%n%ﬂ a piﬁﬂﬁ?@ﬂoéﬁﬁn@%@?hﬂ‘ﬁr ea

coor di nat es ing wthin said reference colour coordi nate ranée for
nor mal ski n, ofiskin underiinyestigatigntsecassti give ah dodication of thet earidtivnassess t he

method accor ARPTAL S mIPiOBle U REL " cpendent  measur ement. of
the | evel of (ipRhdgsuraig el sk Roldurre@dedinates at a plurality of locations aver -

said area of skin; '

(iii) using data obtained in measuring steps (i) and (ii) to calculate

corrected skin colour coordinates over said area which corresponds to a

predetermined papillary dermis thickness, and;

(iv) comparing the corrected skin colour coordinates obtained in step

(iii) with a reference colour coordinate raﬁge for healthy skin of the same

predetermined papillary dermis thickness.

2. A method according to cléim 1, comprising the additional steps
of;

(v) identifying an abnormal location within said area of skin where the
carrected skin colour coordinates lie outside the reference colour
coordinate range; _

(vi) calibrating the corrected skin colour coordinates of said abnormal
location with the corrected skin colour coordinates of at least one skin
location having colour coordinates lying within said reference colour
coordinate range for normal skin, and;

(vii) using the skin colour coordinates to assess the degree of abnormality

of said abnormal skin location.

3. A method according to claim 1 or 2, wherein an independent

measurement of the level of epidermal melanin is made.

A R



13705 '99_02:38 FAX 0121 456 1368 BARKER BRETTELL @o22/040
T~ 00/ - i

WD 98/ 22023 [ PCT/ GB97/ 03177
17 . 4, A nmet hod according to claim3, wherein said i ndependent
measur enent of the | evel of epidermal nelanin is by polarized |ight. 5.

A met hod according to claim?2, wherein said calibration in step (vi)

i ncl udes estimating the level of epidernal nelanin in said abnornal

| ocati on bywoaggi@sce to epidermal nelanin |evel s cal cul REICHITOHTH at

| east one nornmal skin |ocation adjacent said abnornal region. 6.

A met hod according to claim?2, wherein said:calibration in step (vi)

i ncl udes neasuring epidermal nelanin Ieagls;at sai d abnor nal | ocation by
assessing the deviation at the blue end of t'he spectrum at sai d abnor nal

| ocation fromthe reference col our coordinat:ie range  for nor mal skin.
7 A nethod acdomathed secringHieeiM Y ehelrin saigdpdependentiep (i), a

obt ai ned 1 or BaErar ek e e BE] BNERenaghRRinth 1 BERCRIE TS Ly

one of clainms 1 to 6, wherein in step (i) two infrared i nages, each at a

di fferent wavel ength, are obtained for ch, of . sai.d | pcations, whereby to
enabl e the ef¥ect of m?éh%‘?é%?f e t%F‘%QB%é?’lﬁ%fP'%ﬁ“gﬁPﬁb@HH”dBrﬁﬁ%ﬂ bl ood

to be accountgd :f o, A ot P '~ L i A
met hod accor Jlgﬁdﬁ?lgdgf‘aelgﬁ]ﬁgtlnmfg\%‘ sa?gmv?/évgrglr%dtmg)i? g?‘ld ab%v‘v.”ﬂ%' n the
bands 800- 1006catiam byaeferédtnta episieroal melanin levels calculated within at

least one normal skin location adjacent said abnormal region.

6. A method according to claim 2, wherein said calibration in
step (vi) includes measuring epidermal melanin levels at said abnormal
location by assessing the deviation at the blue end of the spectrum at
said abnormal location from the reference; colour coordinate range for

normal skin.

7. A method according to any preceding claim, wherein in step (i),
- a single infrared image at a wavelength of greater than about 1100nm is
obtained for each of said locations.

8. A method according to any one é)f claims 1 to 6, wherein in
step (i) two infrared images, each at a different wavelength, are obtained
for each of said locations, whereby to enable the effect of the presence
of epidermal melanin and dermal blood to be accounted for in the
calculation of step (iii).
| | |
9. : A method according to claim 8, wherein said wavelengths fall
within the bands 800-1000nm and 600-800nm respectively.
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18 10. A met hod according to any one bf clainms 7 to 9, wherein said
infrared i mage(s) is/are obtained using i nf riar ed phot ographic film or

preceding claim wherein the ref erence coljour coordi nate range for normnal
skin at the ﬁﬂg&grm’ ned papillary derm g thickness reaiemesdiosori n step
(iv), is obtained as a curved surface |ying within a three-di mensi-onal

col our space, with a first boundi ng axis relating to the anount of
melanin within the epidermis and a sed®nd ibounding axis relating to the
anount of blood within the derm s. 12. | A net.hod according to claim
11, wherein said three- di mensi onal col our: space is selected from LM,

RGB and W d 1. colmlmethpdcaamordmg taany one/ofndaimsd” &a Opmdiengjntsaidiny

preceding cl aj einth ol our, goordi nates tep (ii) are
acqui r ed frorﬁ“g]ﬁ“?%ég‘ﬂé)l ﬁé’? I‘?btaéﬂ using; 'Bﬁ’?mﬁd’%ﬂ@??ﬁ%@"brﬂf the same
calibration sr—ége,leg 6§b¥~°s$€cttr9 Q{aq),cgl,gce t he heal thy skin reference col our
coordi nate rang t hod accord| ng to any one of clains 1 to

12, wherein the ski n col our coord| nat es of step (ii) are acquired froman

inage usi ng I ffer ht|n .condi_ti ons't sed to qQbtain the healthy
skin refere?}g col thg 'lemolﬁag Pre w&'leéﬁ‘\ﬂé ‘él or ot her

correction fagdférenté dé&ﬂﬁ dobrainateVranygel foF ﬂbl‘rﬁﬂl skfn hhme pradetenided he
ref erence col our coordi nate range.
papillary dermis thickness referred to in step (iv), is obtained as a curved

| aser(s), or by spectral analysis. 11. J A et hod according to any
I

surface lying within a three-dimensional dolour space, with a first
bounding axis relating to the amount of melanin within the epidermis
and a second bounding axis relating to thfe amount of blood within the

dermis.

12. A method according to claim 11, wherein said three-
]
dimensional colour space is selected fromi LMS, RGB and UV G IR

{
1

colour spaces.
. [ .

13. A method according to any preceding claim, wherein the skin

colour coordinates of step (ii) are acquired from an image using the same

lighting conditions and the same calibration set-up as used to produce

the healthy skin reference colour coordinéte range.

i
14. A method according to any one !of claims 1 to 12, wherein the
skin colour coordinates of step (ii) are acqu:red from an image using
dlfferent lighting conditions than used to obtam the healthy skin
reference colour coordinate range, and a 3whlte standard or other
correction factor is used to allow calibrati;on of the image with the

referénce colour coordinate range.
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