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This invention relates to conputer-ai ded dermatol ogi cal di agnosis and
treatment of skin disorders. Mdre particularly, this invention relates to a
system t hatweapy/usexss a suitable i mage of skin of a body(paceooapddiyr ocesses
for identifying skin disorders in the i mage. Still nore particularly, this
invention relates to a systemthat captures a suitable 10i nage of faci al
skin and provi des procgesespick ANAEEINGYSKIR mkGEsAstosders in a regi on of

interest in the i NRg&FERENGEREGION POBRACROSEA SKIRDISORDERRYE. Sunmary of
the Prior art 151t is a problemthat dermatol ogi sts, general practitioners,

and ot her skin specialists often have probl ens di agnosi ng and nonitoring
treatnment of various skin disorders. Oten tines the diagnosis and
treatment of disorders are baseg, fttlt?f &t ve observations of a
caregiver. These observations can be a %ecte by any nunber of personal or
envirofnental factors. Furthernore, the neasurenent of progress of a 20

treat ment p[rﬁgTﬁéf;irﬂfahtﬁﬂ reRtdsas c?ﬂxpht@ﬁaiﬁ@d'ﬂéhha@dd I&hi&uhitagﬁéétis\/@ndomt _ Mﬁ i ons ?f
car egi ver. us, e npasurenpent of .progress durin rea iis often no
accur at e. °TREP é’fSBFg,rs‘ g&'F@gPﬂfg&%ﬂr% &"sgllni’ jop Zelateg do gesé’gﬁm %pﬁﬁ‘i‘fre%ﬁ ai | ment
i S not respixb mage of thie of &boén part ped preetsep faddeantifyinguskinrhdisordare in dar egi ver s
are often; : r . pati ent
o assur o "TRE- palTadre sHSHeiy SyP LEER Iplec o b LATRL, BRHEATLIALE T

ski | | €8 i imagseoidpgial gkin angrypvigas Broesspes{on iflenifying slingsiigordars Eya regian $lor

di agnosi nehigrash inMBiihad hetd REdrERBYradidn Hdth fhedinégé.de_r s. One manner
that those skilled in the art have sought to make di agnosis and nonitoring

nore objective is inmage processing. However, the use of inages presents 30
many probl ens. First, di agnosiSummaqy ofdhe Pdorad of skin di sorders depend
upon identifying the size and color of the afflicted area of skin. Any
nunber of environnmental factors may affect an inmage and an anal ysis
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adequat e abseevatibiiev6f a caregiver. These observations can be affected by any number of
personal or environmental factors. Furthermore, the measurement of progress of a
20 treatment program often relies on the memory and subjective observations of caregiver.
Thus, the measurement of progress during treatment is often not accurate. Therefore,
caregivers are often late to recognize that an ailment is not responding o the curent
treatment program. Furthermore, caregivers are often not able to show the progress of a
treatment program to a patient to assure the patient that progress is being made.
25  Therefore, those skilled in the art are constanily striving to find better systems for

diagnosing and monitoring treatment of skin disorders.

One manner that those skilled in the art have sought to make diagnosis and

menitoring more objective is image processing. However, the use of images presents

30 many problems. First, diagnosing and monitoring of skin disorders depend upon
identifying the size and color of the afflicted area of skin. Any number of environmental
factors may affect an image and an analysis performed using an image. These include,

but are not limited 1o, the lighting of the rocom affecting the color of an image, and the
angle and distance from which a camera captures the image affecting both size and

35 shape of the imaged area. Thus, conventional images do not offer an adequate

altemnative.



2 In the past, nunerous systens have been proposed to try to provide
uni formlighting, canmera angle and distance with respect to the afflicted
area to provide consistent imges for use in analysis of the area. A first
group of prior art systens provides a hand 5 held device to place a cone
over a smalwopweadses of skin to bl ock anbi ent |ighti ng PTGGRéencdd um nat e
the skin under the cone with a lighting system The device nmay then provide
viewing optics to viewthe illum nated2skin or a canmera to capture an inmage
of the skin. Exanple of these prior art systens are described in GB Patent
nunber 2, 364,376, entitled "Skin Illum nation and Exam nati on Apparatus” in
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30 different examinations.

Some of these second group systems do provide a head rest and other devices
for holding the head or other body part in place while the proper lighting is provided in the
compartment. However, the cameras provided in these systems'are glther fixed to

35 capture images from one vantage point or connected to devices for moving the camera

within the compartment. The use of devices to position the camera often makes it difficult



and identify defects or blem shes and recommend a product or treatnent.
Exanpl es of these systens are disclosed in US patent 6,571,003, entitled
"Skin I'magi ng and Anal ysis Systens and Met hods" issued to Hillebrand et

al .; and US Patent Publication 200410125996, entitled "Skin D agnostic

| magi ng Memwehosrnd7sAppar at us” on behal f of 15 Eddowes eCTsG20blowewer , t hese
systens are often used to identify areas of a body area such as a face with
bl em shes or other defects and provide3little or no analysis of the
condition or provide a nethod for nonitoring and anal ysi ng progress over
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multiple views of the area in a quick and conveni ent manner. The array of
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i nfrared, opalpafie¢rted, ultraviolet, or white |light depending on the ailnents
bei ng detected. In sone enbodinents, a pol arizer may be used to control 10
~the polarization of the polarization state of the Iighting for the captured
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dependi ng on the types of skln dlsorders bei ng detected. These filters may
be novabl e by actuators or other nmeans to allow the type of inmage captured.
The cébputer system recei ves &unimaryef thednvertioncanera and execut es
instructions to analysis the imge to detect skin disorders. 20 In
accordance with these enbodi ments, the analysis is provided in the
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30 lighting for imaging areas of skin parts such as a facial area of a patient. A second
advantage of a system in accordance with this invention is that an array of mirrors and
other easily moved components are provided to allow a single stationary camera fo
capture multipie views of the area in a quick and convenient manner. The array of
mirrors can be replaced by an array of cameras to capture multiple views of the areaina

35 quick and convenient manner. A third advantage of a system in accordance with this

invention is that applications executed by a computer system can detect, classify, and



25 then determ nes one or nore problens areas in the area of interest using
the reference region as a reference for a natural skin color. Skin

di sorders in the problemarea are then classified and results of the

anal ysis are generated. In accordance with sone enbodi ments, the inage
conpar t mentwonepyasdstxssw a 30 single canera to take singl ecuissaasireges of a
body part such as a face of a patient and a split image of a |eft and right
obl i que of the body part. In these enbédi nents, the inmage conpartnent may
include a split image device. The split image device may be a prism device
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identification methods to find areas of an inmaged body part likely to

provi de the reiferen e region or a regﬂon of interest.
n accordance Wwith some embodiments, the image compar’tment may allow a

30 single camera to take single view images of a body part such as a face of a patient and a
split image of a left and right oblique of the body part. In these embodiments, the image
compartment may include a split image device. The split image device may be a prism
device and mirrors in some embodiments. In other some embodiments, the prism device
may be a prism for refracting images from associated mirrors. In other embodiments, the

35  prism device may include angled mirrors that reflect the Image from the associates

mirrors. The prism device is configured in the cavity to be between the camera and the



WO 2099/ 145735PCT/ SG2009/ 000190 6 Once the reference region and the
region of interest are determ ned, the process of detecting problem areas
may be perforned in the followi ng manner in accordance with sone

enbodi nents of this invention. The process determ nes a natural pixel color
fromthe piwek®it4573she ref erence regi on and conput es a REGr&200i0pFIer ence
fromthe natural pixel 5color for each pixel in a region of interest. The
entire imge; or the reference region @d/or region of interest may be
normal i zed prior to performng the calculations. After the col or
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enbodi ments. of the invention the process for classifying a skin disorder
inaregionis performed b di vi di ng the area with connected |ike

i denti®i ed grodpacestdapicsaiits g pretered mpibedimantries ireaes empedinept ingudesch sanpl e
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the fol | ow hg narnn box™1'nc
pi xel 20 n THEHE, Hiecige w@lsmmbwmcteﬂtwlepm*@gieom" lt)rpl@fnmsorThese tinges appl i ed

to dil at e rdyehedackdieaottralingt dheacRizidrRbindttdd tremigygadi ng box. Each group
of nei ghboring nmediumcolor difference pixels in the primry boundi ng box

is formed into a group of connected
The image compartment may aiso include a top covering in accordance with the

preferred embodiment. The top cover at least partially encloses the cavity and may
25 include movable panels that can be adjusted to block the ambient light. A head guide
may also be affixed to the cover and extend info the compartment to aid in aligning of a

head or other body part of a subject to capture images of a face of the subject.

In accordance with some embodiments of this invention, the applications for
30  analyzing an image may be configured in the following manner. The system may
determine the reference region and regions of interest in an image either by receiving an
input of the regions from a user or by using conventional feature identification methods to
find areas of an imaged body part likely to provide the reference region or a region of
interest.
35



WO 2009/ 145735PCT/ SG2009/ 000190 7 conponents. Each group of nei ghboring

| arge color difference pixels in the primry bounding box is also forned
into a group of connected conponents. A secondary m ni mum boundi ng box is
then fornmed for each group of connected conponents. Each secondary m ni num
boundi ng bd¥O B8¥ESTENned to be entirely within the pri m®CSERIP/AWGS
boundi ng box is returned as a sanpl e square. A second process for
determ ning the sanpl e squares in accomwdance with other enbodi nents of this
invention is performed in the follow ng manner. First, the process

'?‘ﬁt er1 (r)n nes a proreriye réfeﬁbrfjﬂé%@i@ﬂ?ﬁdi 0 Be¥n bf\ff‘a{eﬂf& 223 dﬁte%?%rf%df theHrdss ?r oup.

e pr oundi ng_box 1s, the nto a set of squares of a
parti cul aréf;% {;eétup ger}%ﬁag By b E(eé'fg’ém%#/mqm @h%'ﬁ'g Wﬁ”’é%{d%a%cagjéf‘%e Mt he set
i s determnmve em@lmmefstblstlmmntiorde'ﬁna proesss Sgteaniass Winkturd ptxat d:cﬂbrgroaﬁt er

tDQggngl ; grtgﬁfa%g ug%OrE%Péﬁch%g{%?aﬁodwﬁﬂuftéfs £ cdioh ifEnd ngjrqgnaﬂp n%&éé:]u Hie |um

and/ or Ssmefofor &@j eachdiifef &y e megiomppk Eﬁ%’eﬁtThTé‘emf‘dJ@e@@ge.sorr tpaafiersdce oegiati f f er ent
sets of ecumlor ddyichl of Fbrest iy ﬁ@r&glzﬁaﬁbrﬁ@Feﬁ@%in@%é%!a%ﬁn@f di fferent

areas to provide sanple squares of difrerent sizes. Briel Description of
the Drawi ngs 20The above and other features and advantages of a skin
anal ysi s syst eftenthacolor ditiereacerbftdach pixsl ih Bvegion ofin@feat Baptnhined, dhkld he

];:I()lgt(r)‘é\" ]n_gl 'tlrc:g?:r gf?f@r%%epéﬂegpe ﬁ\%qfaathl%gﬁomgare %ﬁn’ti&?cg Ig%pgl\?{ﬁﬂfe%glgég%mp an C e
with offe E@%ﬁﬂm '@ﬁ"tl gt pixelsybauingomimilar color dlﬁ'legamnes 2ré lfdronstiradingng a

bl ock di aghanachid @)nﬂfoﬁéﬁsaﬂal}glssymeeﬂbb%“wﬁéehﬁ? el a?é)egp#tp%fels N & 8{ dance

wi th one enbodi Hﬂs I nventi on; Figure 3 illustrating
per spect i \F@nﬂ’ﬁc&ﬁ ' ?‘dﬁﬂt‘fie g¥PEonpart ment in accordance with one enbodl ment
of this invention; 30Figure 4 ill ustratl ng a view downward into an i mge

conpar t ment ' n!rﬁ&fc%l:o%ﬁ&c ﬁuthsEp}e em o rme g %E tpl? %Sgtgoggﬁﬁa{il%%&tiﬁw?qnﬂf Ié{?,ec or dance

Figure 5 illustra side view i
with dfe é‘iﬁb‘@ﬂ!ﬁdn@'ﬁtlpﬁ)fs pemiogmedhire Hel f@ﬂqwmg manner. FirstFhgupreceSs idepinstbyat i ng

the manne rcohéiru\éﬂigcg Rlop mlﬁetreﬁéb%t%rahefoh tﬁé"ngnxélh QHtthQ t}%@@ﬁ &1 Hte@st>ohace are

capt ured in g% rL accordance w t I 'nvention;
distri utlon model is then fixed over the histogram. High and ow thresholds are then

determined from the distribution model. Each pixel in the region of interest having a color
difference that is greater than the high threshold is identified as a farge color difference
20  pixel. Each pixe! in the region of interest having a color difference that is greater than the
low threshold and less than the high threshold is identified as a medium color difference
pixel and the remainder of the pixels are identified as small color difference pixels. Each
like identified group includes connected pixels having the same type of color difference.

25 In accordance with some of these embodiments of the invention, the process for
classifying a skin disorder in a region is performed by dividing the area with connected
like identified groups of pixels into sample squares and classifying each sample square.
Preferably, the classifying of the sample squares is performed by extracting features from
the sample squares and performing a classifier process on the extracted features. The

30 classifier may be a Bayesian classifier or a support vector machine or other methods.

One process for determining the sample squares to classify skin disorders is
performed in the following manner. First, a primary minimum bounding box including all
pixels in the group is determined. A morphological operator is then applied to dilate the

356 boundary of the primary minimum bounding box. Each group of neighboring medium
color difference pixels in the primary bounding box is formed into a group of connected



WO 2009/ 145735PCT/ 8G2009/ 000190 8 Figure 7 illustrating a frontal
image of a face captured with a canera in accordance with one enbodi nent of
this invention; Figure 8 illustrating a split view imge of |left and
right oblique of a face in accordance with one enbodi nent of this

i nvention; vEgen4s78 il lustrating a split view image ofPCA/SIGeop/oeme a ri ght
oblique of a face with a reference region highlighted in accordance with
one enbodi nent of this invention; 7 Figure 10 illustrating a split
view image of a left and a right oblique of a face with two different

manner s Ofcd’nﬁ@h@;ﬂs OfEdcﬁtgi‘dilﬁSbf BeigRbriy Qﬂbé gﬁbﬁ@lﬂ%@@%ﬁéﬂi‘ﬁ@@le?ﬂn@r@ne
enbodi nent this i.nv atin i agram of a

process fobrouggl'gg)}jso ng sﬁ’ %OHH%% "??1 EgngOBP nct?En “Fhe this
i nvent i on;minimum bflrgiingeboks iHehifetmest foneach grdnmmfohoagsscﬁéd crfm;ampmtacesssh for
capt uring dJaBaesy %%nﬁ 0

i nventi on; ﬁ%mrﬁu‘%%‘%d'@ %%C&{t ust ?é%%%n%&l oﬁﬂ’dﬁ%ﬁg‘%{@'% process
for regdor thongding e i setined swa 6aMEIRREE9i t h one embodi nent of this

i nvention; Figure 14 illustrating a flow di agramof a process for
classifying skin dis rders éea, of 2 renql on of interest in accordance
with one enbodlph%‘?ﬁo PERTS °i"ﬁ]9 HPiNgA;the sarfiple sgpaygs in gepordaners b offgl a 1 ow

di agram ofenaqunmef thisrimeintiers Isf parfognaal ineths fallowin endregt. O Airstf the redeest i n

accor dancede ntnn\ﬁ ﬁr?g?dEMmqjouB@hg banr%rl’\Sdt RixglgFﬁcgﬁetﬁe 1?0 ol | J‘lltsut rating

aflowdlagra rocess squares ih the
regi on'%f RS E@tﬂdlnﬁ bax @dh%ﬁ&!‘éewl‘ﬁma seleof sarses nfemparbqiularrﬁzg and\eeatié on:

Figure 17 d Iptxu@tdfa:ttérag |@e£é¥p¥&ﬁfeaﬂrtﬁé7két% dReMBR)ATHY 96658 thel iadfkies M ni ng
sanpl e squares n accordance w th anot her

embodi mentS>9FeE W E g rﬁt{?eq{g‘?tﬁrntha%ﬂ H‘r?%ﬁfdgqﬂdéetfg‘s % (Geriat SACRTES #3 PR agram
of a procesgaksr Oepasdind pnnige skibadidiesD tikepiseliol istanpt mag cwaﬁrgs @kdiam{ egi on

of interesfyjoP sAGHE QbIGAMNES M Hxé?g'eTﬁgg%%&elgtreﬁ)efatedmﬁ iR O3 equal
16 sized squares with each set having squares of different areas fo provide sample squares
of different sizes,

Brief Description of the Drawings

20 The above and other features and advantages of a skin analysis system in
accordance with this invention are described in the following detailed description and are
shown in the following drawings:

Figure 1 illustrating components of a skin analysis system In accordance with one
25  embodiment of this invention:
Figure 2 illustrating a block diagram of a processing system included in a
computer in accordance with one embodiment of this invention;
Figure 3 illustrating a perspective view of an image compartment in accordance
with one embodiment of this invention;
30 Figure 4 iliustrating a view downward into an image compartment in accordance
with one embodiment of this invention;
Figure 5 illustrating a side view inside an image compartment in accordance with
one embodiment of this invention;
Figure 6 illustrating the manner in which a split view of left and right oblique of a

35  face are captured in one image in accordance with embodiment of this invention;



Det ai | ed Description 30 This invention relates to conputer-aided

der mat ol ogi cal diagnosis and treatnent of skin disorders. Mre
particularly, this invention relates to a systemthat captures a suitable

i mge of skin of a body part and processes for identifying skin disorders
in the i mad¥ 208¥/145¢35npre particularly, this invention PEFRCAYWINWIY system
that captures a suitable 35image of facial skin and provi des processes for
identifying skin disorders in a region8of interest in the inmage using a
reference region fromthe inage. For clarity sane WO

2009/ 145735PCT/F$5§E@09/HQ@9§$9@ 9 fedHEORRGE SofSHOMB: | ApiiRIE withadh QpRrd igure are

gi ven the nuner t hr out this descri pt| on. This invention
i ncl udes c%%@ne%t"g'thf%e e@%’ﬁg ﬁgqulﬁﬁ%ﬁ%t'%f a body that are then 5 anal yzed

by appl i cati ongimxedutlesiraiyg a mlmwm:mesyfsteﬁmrﬁiuﬂjhtamh@eceﬁp%eé in One
skilled i rhctca‘@aﬁ(,retmm drle o n@%e%hg(%tﬁggn eftloREESSES described herein are

instructions stored In so ware or firmmvare that are executed by
system® o per f 614 AdlupiFaliog sspk! viRs g et a deficanden ridie obliowe of e dacervitarey

processi ng‘eﬁyé?‘k@i’@gﬁﬁmmélﬂéd InQcBord @A Q- ond REL8AARht &ﬁ@&ﬁ%@dn@g system
executi ng the S. an %%Ee exact connect|on 10pr ocessi ng

systemto a pr §%| ﬁdl"l?E)gtF’Srﬂ Yiewimagea! adgfbanthi righiobliquenl atfece withs

i nvent i on tandiiffarent| mériness ofaregiei ginhasi Geiny thigHigisied sk iabtehnicd wilhord t .
Figure 1 id al ysis system 100 in accordance with one
enbodi nent n#o#%i&i Sﬁﬁl\%é{ﬁlg?tgﬂ Skin anal ysis system 100 i ncl udes conputer
syst eri®105 and FigveRyd1 1biséatingan tfiewndiadram. ofCsrmpeness fery snalysiny0sn dnageutres

appl i cat (y&soraﬂicermeﬂnweﬂ@oaﬁxehmgﬁs bR camera (Not shown in Figure 1)
i nsi de image Cg@ iﬁ%ﬁh . _Al'though shown as a conventional desktop

conputer in Fi ré‘t‘%g«? flovs diaprant 9fe RIPEesHFqrIcaptuingyimages eirface nput er
system 105acmam:emm;pnewﬁomfnemcﬂmmvmoﬁtew ce having a processor and a

t hat { th t
rocor dance. 20 SioHlE e HETEOAE o Bow AEGHH, A o ARSI iepolBRyacde & ot em
105 nmd§ becewHrse il one cobedmepradtisipvanosyst em 120 via a network 115. The
applicati ons Oﬁlghm $ HINGRER Qrﬂoﬂ%}’agﬁént\ Bme% g%e&t fof glg éi’[ﬂ] g sklﬁ)&%%ﬁe Py the
out departin

connect ed eSSI nrgefs stem 120 w t hi's T nven I on

Furt her rmra ﬁ‘é’e%? Resiip PRoEdCE Yith qoe @ﬁb%@'&@ﬁﬁ@dm&ﬂﬁ@' of devices are

al SO uni npor t afiguteot filisgating\efiuhi mgraﬂdfab@cb@ffbr AsesyifEik&NindRE RBIRE
| mage conp t partlallgogﬁ? es a cavity in which i mges

s
are cap turg{q ?%?ac%%g %ﬁ]cgew‘?@ PR SRedmeRiA i Qﬁe” ‘Phage conpartment 110
bl oc k§° anbi ent Flolight6 fiugrativhe Rowr diegnadi fog aefiret procaserfor detdrmpiioy isk@slepr oper

iGNt ng Ghudtes nsd g ohﬁ@yespmracccgﬁ RGN BrBEAflel LBl Rioh ROeS hat

may be anal yzeg rocess provi Phvention. A
nore conpl et e @Er@rVd ysyRiingra flevagiagrasripas seeand porgss fr getermicind stwblew wi t h
r ef er encestueardd igiceregion of interest in accordance with another embodiment of this invention;
- and
25 Figure 18 illustrating a flow diagram of a process for classifying skin disorders in

sample squares of a region of interest in accordance with one embodiment of this
invention.

Detailed Description
30
This invention relates to computer-aided dermatological diagnosis and treatment
of skin disorders. More particularly, this invention relates to a system that captures a
suitable image of skin of a body part and processes for identifying skin disorders in the
image. Still more particularly, this invention reiates to a system that captures a suitable
35 image of facial skin and provides processes for identifying skin disorders in a region of

interest in the image using a reference region from the image. For clarity same



Figure 2 illustrates an exenplary processing system 200 of conputer 105 in
35accordance with an enbodi nent of this invention. Processing system 200

i ncl udes the conmponents needed to execute the applications from
instructions stored in nmenory in WD 2009/ 145735PCT/ S&009/ 000190 10

accor dance W eM735 i nvention. One skilled in the art RATEG2p@O0GM ze t hat
the exact configuration of each processing systemnay be different and the
exact configuration executing processes in accordance with this invention
will vary and the figure is given by way of exanple only. 5

Pr ocessi NgodisoineAs 200w MhsidanarCemt figire B ﬁ%@éﬁsﬂhggefmb&e hiRd) RRR hcgg U 205

i's a processor, mcroprocessor, or any conbination of processors-an
m cr opr ocebSSPECTRISR execute instructions to performthe processes in
accordance with the present |nvent| on CPU 205 connects to nmenory bus 210

and | nput/ Qut put bus 10 10 conne 05 to
menori es 220 ancré'%%&%nop rgﬁgm ?m%oari fRICAPRETY TRRges R g)é’?%ggahjaf% ®Penori es
and CPU 203walyedbl aprlizationscmeeded bmr@G&Sm pelephehals adewhmesr. t Onér ansni t
dat a bet wegdieGRViné ot uﬁﬂ%cb&’ﬁzep%{ %@éégs g@é’dnﬁ&? hergaearé h{) sl @n &oFe §uart

wi || recognlzethat | /O bus 215 and rrermré eco Ined into one
bus or subWVRFedardeER %fﬁi}“"‘@f%gpt Blfs sy Hd’ytWéteék‘@cﬁeﬁéﬁﬁﬁhﬁgﬁfpa%ﬂsgﬁ is
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as a Rea y s.copnect n-vo atile
ooy 290 r PR RO i Eh bR ROy st SnpeptPaLL the

sub- syY$t enBoesssipg sl oy a siyretasning Ofystend used Ibyotset laee St traporiant &t a@ig - up. 20
One ski | | afvdnfiod AR &6 fertds!d dés%ﬂ%ﬂ&bé%tﬁ@@éstﬁt@guﬂﬁ@ﬁr of types of menory

may be used to performthis function atile nenory 225, such as
Random Access Menory (RAM, is also connected to nenory bus 210. Vol atile

menory 225 st orRiguré halubiasyd sk aﬁmﬁsrsaéﬁteﬂﬁﬂ@o ﬁ%cﬂ&@ﬂﬁﬁé with &@lérr?&@m{éﬁt perform

Svst om 1 n SIS IFERBRS S0 BAPES RRTE 05 i iRies CrPIRE S (R aafrmaps | 1
r ecogriivze comertaangt H@ntiéommﬁert%ypbm tﬁ5 emmo’ney applicati@sifeectiong ma\ndge
vol atil e nrRwPs ﬁaﬁgg (’NH@sIﬁi&ﬁ% ngﬁ X 819%%%5%@“&&%&' ﬁ%o%gglsﬁ&t o those

skilled in the art evi ce 2
245, net wiFI@ SREVPRioN3IHissidoR G%[ﬁ@‘-'tﬂrdﬁ‘l’f'éﬁ“r%f‘ @'t%%ﬁ"'eﬁé"rihm?étr\ull "Qf@gliﬂé%that:onnect

to |/ O busoipbtet eysters Hﬂﬂgﬁ\ydﬁ BnyWypd prHcé’&ﬁlgfdwicb‘iﬁﬁwh@ adPeedsSttdnans being
execut ed l?%( n%:)rytl’?aq /rO dgr\rl]l ce fzr?’ox' %. evi ¢ p@?t trapsmts and/ or
recei ves data ¥ roth FHEBGi Paf ec?ﬁ'm,gr sé’t‘ﬂﬂreﬁ RUGNL B 9e8679@Bshect ed
to pr @8esdithghisyrveatiorR08s shoverc indrigeracle cainplitet ysterh r0& midydre. coRhested ski | | ed
other processing system 120 via a network 115. The applications of this invention may
either be stored on or executed by the connected processing system 120 without
departing from this invention. Furthermore, the exact network configuration and
connections of devices are also unimportant to this invention and are left as a design
256  choice,

Image compartment 110 at least pariially encloses a cavity in which images are
captured in accordance with this invention. Image compartment 110 blocks ambient light
from the surrounding environment and provides proper lighting of an enclosed body part

30 such as a head to provide images that may be analyzed by a process provided in
accordance with this invention. A more complete description of image compartment 110
is provided below with reference to Figure 3.

Figure 2 illustrates an exemplary processing system 200 of computer 105 in
35 accordance with an embodiment of this invention. Processing system 200 includes the

components needed to execute the applications from instructions stored in memory in



35 in the art will recognize that any nunber of 1/0O devices 230 may be
connected to processing system 200 wi thout departing fromthis invention.
Keyboard 235 is a specific WD 2009/ 145735PCT/ S&G009/ 000190 11 type of 1/0O
that receives user input and transmts the input to CPU 205. Display 240
recei ves diVs@R®§/145a15a from CPU 205 and di spl ay i mages d¢THGESHPOBHY or a
user to see. Menory 245 is a device that transmts and receives data to and
from CPU 205 for storing data to a nedi@. Network device 250 connects CPU
205 to a network for transm ssion of 5 data to and from ot her processing

systens. accordantd @ithehid ihvdntisd.r abms sianR AP HATgat re‘%gdti@a%t GUTBRAk ment

110 in acc ance I nvention ment 0 includes back
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as a face that 1s being imaged. In this enbodinent, first side wall 315 and
second %ide wall 320 are affixed to back side wall by first and second

hi nges (Not Shagwbdeskifg @ﬂ(slt&WZf)!) i’n%ﬁ;d@é‘éen%?a@@%e%%ﬂﬁdﬁ))tz% bepyojgated in
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and | élfel |teglatto capture both a fuII frontal picture of a body part, such as
a face, and split VI eW|mage of the left oblique and right oblique of the
body. Camera 305 d| ital inmaging device that may directly transmt
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-and/ or ul tgeg¥inPlhRtruhdiBges of the body part for detection of particular skin
di sorders wi thout departing fromthis invention. 12 Optical filter
390 is positioned in between canmera 305 and the body part belng i maged.

Optii cal }‘i | ter ABQQaHTQMn@ﬁoNSEZB,tQJcﬁ' é@‘ﬁaiﬁﬂ@ﬁiﬁéc%sy\?ﬂe?ﬁl g(m A is ia@éaL to
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may be noved out ? necessar
will recognize that any number of types of memory may be used to prov:de volatile

memory and the exact type used is left as a design choice to those skilled in the art.

30 I/O device 230, keyboard 235, display 240, memory 245, network device 250 and
any number of other peripheral devices connect to I/O bus 215 to exchange data with
CPU 205 for use in applications being executed by CPU 205. /O device 230 is any
device that transmits and/or receives data from CPU 205. Digital camera is an VO device
230 connected to processing system 200 in accordance with this invention. Those skilled
35 in the art will recognize that any number of 1/O devices 230 may be connected to
processing system 200 without departing from this invention. Keyboard 235 is a specific



In accordance with this enbodi nent, |ight sources 345 are affixed to back
side wall 300. Light sources 345 are positioned and of sufficient

| um nescence to provide clear 10 i mages of the body part for analysis. The
exact positioning and | um nescence of the body part being left to a

desi gner ofwd bmysassisem Dependi ng on the skin di sorder dr&cagtiansct ed,

| i ght sources may also or alternatively provide colored, infrared,

pol ari zed, and/or ultraviolet lightingipf the body part. 15Rest 330 is
preferably positioned at a set position with respect to back side wall 300,

first side ; S e =t for
the body pareot 3“5:;3%%2%?&%&5 LEGRolemie e G RELEDCAE! (0508 RIS L he

b . .
i mges t akERPYSSoHisR HEMETY 20R @nd disglayiaageassima serRer {5 Setsge it s9essi on.
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Optical filter 490 is between focussing | ense 450 and prism device 415.
Optical filets allows specific wavelengths of light to enter a | ense of
canera 305. Alternatively, 30 optical filter 390 may be a pol ari zer that
controls the polarization of Iight that enters the | ense of camera 305. An
act uat or (NP 2HNAMI or sone other neans may be provi dEETISGRAA)AEY | ng t he
position of optical filter 390 between the first and second position as
described with respect to Figure 3. Thta, optical filter 390 may be noved
out of a line of sight of canmera 305 if necessary. WO

2009/ 145735PCT/ @mamt/eﬂem %()pdlséloned in beth@erOtdrRdra &5 Qe BN bedy( Nt bsthigwn) ,

d 5 t 490 10
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oSIti O o all

with prism415 and focusin ense a second p

front al® i Nt SiheniBeansmay Q%PTB‘éd%fﬁf ﬂﬁ‘lé‘ﬂ'ngﬁ&e BORSiAN of Aptdabiler3%). Bhushi n of
head 425 napfticsigiér 390 nRayRThoved Quitdid lide BRasht SEéH6er2 805 MYcRxdgnd downwar d
froma top cover and rest on a forward to help position 10 head 425 to
capture an image of a single view of the body part from one view point such
as a frontal vilewcefddneadviti2bis embodimentilightr soubceis| 348sdre affixsd '&maaqkaéldﬂs
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at an anglcgeéand the ri travel s along path 615 to prism device 415.
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ri ght irra@dtomultnaavleiItgatmmg‘ttmﬁdaly@aﬁ to a right side of optical filter 490.
Optical filter 490 then directs the right image along path 630 onto a right
side 20 focusing | ense 450 of canera 405. Li kewi se the left inmage
travel ¥ from a Reef $30sis geferpbly pesificned abfa Jebadsitidswithl wapegd &t bacB st walla second

mrror 41030@nfu¢sh§dé ﬁtalt 3% Qﬁ‘d Sécoh@ el 3z§90%0!=,e bifIn ﬂﬂ)@s "fcﬁftix@ by the

| ef t |nage E@% uitb ri smdevice 4 rlsm evi ce 41 refracts

and/ or Ragtf gef ¢l dfts ﬁtﬁg}@'%lséﬁ‘ﬁ FﬁPé”tt'ﬁn Ggé‘adﬁtthe dmpgsst taker) dopy

opt ihcg|40f |s|ubﬁant|@w:che©amecr&|w ;fdlﬂtﬁmﬁubégﬁlfd’lhﬁssgg{) era:?vavérhm(alr&ft nay@Bgeeal 0 2 g c
at ense 0 ner a

p Cf@e%teﬂldlng v&utth§ut%% ant%%ﬁ%%igﬁv%ntf% 111 g? enﬁ) Q’e F}?&Bearéﬁ'gecatl‘"&nt si de

t hen capt ures a's vVin
i mage ¥ tihéefige sugicehaush 84621?\ rest)siﬁt'gmaer bR prbvided tozaie in fropesly dligmipethe00 t hat

TRy be Capioty Bertid 2o %Pd%acdnﬁo@%’&ﬁrdéﬁé}ﬁ%ﬁﬁs%gnam bohf s ddMEyddEpae 700 s

a frontal view of face 705 that has two nd 715.
| mage 700 SPEOaRTRYe RtaNdARIead ide705; @Hg@n i F‘gg'}‘r’oﬁ)lfﬁlayb'ée ﬁ‘éﬁeécfoﬁ fugtheri mage

700 shoul dopfesealor biapemenrO6r ted imaigédibddyiaant si ze and magnification to
optim ze anal ysis of problem skin regions 710 and 715. The exact size and
magni fi cati on 35being | eft a design choice that nmay depend on the software
bei ng Msed; | i dhtcaplored# spiirimagen ntia defh ebligea \sind enright tadiliquencl/ the beghs pa

condi ti ONgmage compariment 110 includes a prism device 325 sifuated between rest 330 or body
pait area of the cavity and camera 305. Prism device 325, may be a prism that refracts
light, an array of angled mirrors, or any other device to alter the image captured by
camera 305. Preferably, prism device 325 is movable between a first position where
30 prism device 325 is positioned with respect to camera 305 to provide the split image and
a second position where prism device 325 is position out of a view line of camera 305 to
allow a frontal image of the body part to be captured. In some embodiments prism device
325 may include or be connected to an actuator (Not shown) to move between the first
and second positions.
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WO 2009/ 145735PCT/ S&009/ 000190 15 Figure 8 illustrates a split

i mage 800 captured by a canera in accordance wth enbodi nents of this
invention. In Figure 8, a left oblique and a right oblique of face 705 are
shown in image 800. The right oblique clearly shows problemregion 710 and
the |l eft S5obbeq@wadseisearly shows probl emregion 715. PCT/SCh@giendi ment s
of the processes perforned by conputer 100 to analyze i mages and classify
skin disorders in accordance with this1snvention will now be described with
reference to Figure 9-18. Although split inage 800 is used for illustrative
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processi ng er c gcesse
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di agr am of f.or anal yzin skin disorders fromimages in
accor dances{var Qgﬁ\gﬁwoé%%g)gm%rﬁrom }%' Vleghci "mvention. Process 1100 begins in

step 1105 by receiving an image. In accordance with sone enbodi rrents

recei ving of t ReaieRaRsRs bSiHIRVE BBkl &% rpBRGfs Rliol BBAGS D

digital capgra and transmtting the imag cessing system A rrethod
for capturltfy NRSCOHANE With Bis %Wm%dcqﬂ??r%ﬂ%é‘?s@sﬂ@ﬂ@d §W6Wiit¢ﬁ tEcyure 12.
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raggi ng

reference regi on may be i nput user. e inp

and dr opplrﬁ@9 pﬁ”@@d}ﬁ'tﬁglﬁ@@ds ﬁﬁ ar ylfrayiolgt P@é’l‘%ﬁ’e@?” 19e0 ﬂi?g@"fbldisbs,deuse of
an |/ O dewei draiygécaw a shape around the region of interest. Alternatively,
a process nmay select a region of interest based upon either a feature
finding process or a process that | ooks for a 35contiguous group of pixels
havi ng?Ssubst antRAriam| devich et 1$aiawopitisredd inotamt of cameriat 408 beifvedrh beaab 425 and

enmbodi nent i ¢ : ; ms of
the VO zo%gﬁﬂ§7%5p§ﬁ§£8%%?g%&féﬁgﬁ%@ﬁun%%°"§#‘°£'**°"f's% Blgelbfifa Pote |

gi ve an ad¥tiugerecsiadiauee ar Prefrablyplismdevrs Hlgispgt 'S@fdea’%&% idéfm‘*b‘?chwtﬂhe

i mge. Theegxatt figuriEsbaé ;ﬂis&ﬁb@td&&ﬁ@?ﬂn& @rpos.usmadao $@d§ﬁb@ef¥é@hd}ﬁ f&da;t as a
n

design ch Ki S
i nt erest ?i’)'?rgha y‘%znreEIJO %&?ﬁ A Qg) &l (?38& téﬁ] %eﬂ?‘éa "BR gtocﬁ fIOF‘fFfr@ﬁg'ﬁe 4667 Foousing
25 lense 450 is positioned between prism device 415 and camera 405 to direct the refracted
images from prism 415 onto a lense of camera 405.

Optical filter 490 is between focussing lense 450 and prism device 415. Optical
filets allows specific wavelengths of light to enter a lense of camera 305. Alternatively,
30  optical filter 320 may be a polarizer that controls the polarization of light that enters the
lense of camera 305. An actuator {Not shown) or some other means may be provided for
adjusting the position of optical filter 390 between the first and second position as
described with respect to Figure 3. Thus, optical filter 390 may be moved out of a line of
sight of camera 305 if necessary.
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are particular regions of pixels in the inmage to be evaluated. Although it
is possible in sonme enbodi nents to analyze the entire inage, regions of
interest are used to reduce the nunber of conputations and steps of the
processes that need to be perfornmed during the analysis. Figure 10 shows
regi ons 100® 2021145330 sel ected as regi ons of interest. PCO/SHRWYBAWYI ons of
interest include problemregions 710 and 715 shown in Figure 8. In sone
enbodinents, the regions of interest nay be input by user. The input may be
made by "dragging and dropping" preconfigured shape (as shown by region of

interest 1010 il otr @mRRingdntd pﬁﬁslhgwh'ﬁ%%m%%e 215 &gl gfc% fikdSadorpge or by

use of anI/Od vice to dr round regi on Interest (as
shown by r &¢I fﬁ@é“‘&mfscﬁ?q Qreaﬁap% rcﬁﬁ'@ﬁ?ss @h relrleftvebisiug g Kighebl em
regi on 710%bliqné bEneralt 426 wpile at the capeliniR Yaterkens qpfuRe RihidlieWdraagt based
upon eitheja feature finding process or a process that |ooks for
contiguous groups of pixels having substantially different pixel color. In
ei ther ®f the above enbodi ments, the regions of interest should be of

sufficient sizeigpe Eqrﬂﬁsﬁé@s E‘?:?&ss'vfemﬂ&tth@%én@ura ésh nee % %@dl%a& &lfﬁ?ﬁns i Sk' n

shown in an n@q ﬁ exact nunber of rsuch™ a npl e

bei ng | ef t * M4 TOREINg lensi1o0dn §rsersnsh Rosition ?@W %fﬁ@nt@lemé@e ehheae 4§ﬁ|’t¢l ed in

the art. be captu%hed)mswo%()@fgdwa @Bﬁhﬁﬂ%dﬂh@ a?géé?%%)reﬁfmb Bh@aGehqi N step
j es various skin disorders,

1120. The IS detects ,and cl as
i ncl udi ng i %Og)t % dGl Wamt% M ajsp Gaver Ay ‘gres f o B Ay P ARlP ROFEOR ypes of
acne tHat frag 488 tQ:mitge fanenuagenoﬂ augiegle iew ofithe body phiit irbinathe tvizw ARBLES ;

pust ul es; fefordldiew!Bp8sH £oyredones; scars; and pores. Furthernore, this
anal ysis perforned nay al so detect skin di sorders that may be identified

using prior art nethods including but not limted to pignmentation

vari ations; poiFesire anillusithies 1heC§d|tﬁ§ rh@N6d Bl rﬂtnh RRagé b TR R @

di stributi ISPQQ"" ﬁg%ng%@g | | n c {; elgi;))rocess 30 used t erform
the anal ysis i s dlScusse %rgfa iae l“e%@'é posftign & giovide a‘l‘ﬂ?’""1‘8“@'913’1033é'é%}c 1100

t hen elfds dliguerangem dghitobliqueastfcheat! @26.ndintilnegs ekalkigist sife Mh@ceal?ﬁle}ésawng n step
1125. Ac Agss 4t n Lts are
descr i bed Bel o e Copuor 60 b B g inygS Bl et oot Sio85) Goo100
17 i mager ‘@YeRalag aaféér‘rérf%wsmn §?‘é‘|&? 4P Hrish devise 448 refb0B6. anfhoo clests FR00

begi ns by rigavmage ® qaté ei&tngﬁﬂhiégé % @avlapa%ﬁg S B35 fi aSnJh@Q.a of o;%m[terbody
part to c%ae ? 0a|gnvm

se canera to a
a tenplate or 6 er a?%’ﬁr@?ﬂg gﬁ@étr&ht anzgs %I'P'éﬂ)lpégb‘e‘éﬁoi ?f‘t%taefbgri% Thi s
may be?odori@cub'ytgfmm#@mqamereammst ments to a head or 5 other body part
pl aced in image conpartnent 110 in sonme enbodi ments of this invention.
After the head or other body part is properly aligned, specular reflections
are renoved fr bW thedethinmserigvelndigen left sidesfidw face sthepd 424 BlonGpeitul ar

reflecti omsoes & sé@ﬁb\hﬁﬁoﬂﬁofcﬁﬁmb idredids sRadngh y%béorfafm.ﬁlﬁ} ﬁocl%h&!ts gt €p 1210

may be perfﬁormdlﬁﬁ% and/ or adjusting optica

changi ng the" 4% 'Waf"'i’tb &ﬁr BUIP Ry ge "éFeI ‘i‘bﬁntP’@%ﬁ%‘@e t6 p%ffapt%@no%m t he

][elrmveﬂi ofrefeple dhel ledit lma@blmlp@nssasmﬁtdmleﬁerdé@f OBtitaLiHeNgbot \m)trﬁéi@i]ti& 4@1@:c arizing
ilters o r of ur.face features

are to beliﬂaeﬁlar]*rggs@% !Qﬁﬂ@gg‘éhﬂgrp | ze%la?)" F’t ?Ps'g?g}{?ﬁ'sé?ﬁl@ A‘af’ﬁéﬁfF@T‘er?o one

anot her. A0%r Gﬁmaqa 40%etgen éﬂipft"h@ afsplitdmege bavieg bish diye leftrstdei amagehem déghit ured in

step 1215gidd mage of the fhdk &tth@Rd 4220, the conponents are configured for to
capture a split imge. Step 1120 may include noving a prismdevice and

optical filter into a first position and adjusting the position of mrrors.
A spl i3 i mage Bfurshe lllusirbteebﬁrthM@g@nmU ltlﬁﬂmé&b'tﬂe%%t@fadt al @fferQrinOt her

body part a&c%rc%?i@é Wtﬁ“thg rhvente 0?1 1Fm2a599 %roqrg %Sis on%a% vnew of face 705 ‘that has two
problem skin regions 710 and 715. Image 700 is a conventional frontal image. It should
be noted that image 700 should present face 700 at a sufficient size and magnification to
optimize analysis of problem skin regions 710 and 715. The exact size and magnification
35  being left a design choice that may depend on the software being used: light conditions:
and other environmental and/or system conditions.



20 Figure 13 illustrates a process 1300 for reporting results in
accordance with an enbodi nent of this invention. Process 1300 begins in
1305 with reporting of identified problemareas in the regions of interest.
Preferably this is done by a visual display with either indicia around

i denti fi ed voo eidb/essvaar eas or a col or schene of the i magecsfsGeéve/o@dsoegi on of
interest indicating various features such as problem areas and/or different
types of problem areas. In step1d310, the classifications of the
skin disorders in the identified problemareas are reported. This may be

t hrough a graphi cal displ ay to show a pati ent or as a 30textual display or
printed display. In sh% ﬁl tthe a ? 8éeach skin disorder identified
i s quantified. THERi&HYSIEIeS Fat B FATEEY iPH aneBmEraiT peReElRnCRME
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poc o dar e AL BBk W YET Bl oRGRE Bt D57 oL 102
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difference of each pixel fromthe natural pixel color is determ ned in step
1410. I n accordance with sone enbodi nents of the invention, the col or
di fferdnce of &igyred] iliugtraterca o oiagam viafbroeesaf’i‘ftoﬁéonmtalymg sfgin didordzod or
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a predefi E% anltt‘ g tﬁ% %'%9 %eph’ 5&?%8?.’ &@egwdrfoﬁfz%?rﬁyr'ged@?ﬁﬁ %5t udi ed,
t he qu#8l i tdpseibed h‘eorpqmgélgoo ahm\lnqu&lgut%ﬂﬁbflntoltimremoalumntsdae imagretnayshe

received by transmission or the network or from a read operation performed on a memory

either internal {o or external of the processing system.

Once the image is received, a reference region is determined in step 1110.

30 Figure 9 illustrates a reference region 905 provided in step 1110. In some embodiments,
the reference region may be input by user. The input may be made by “dragging and
dropping” preconfigured shape over a region of the image or by use of an )/O device to

draw a shape around the region of interest. Alternatively, a process may select a region

of interest based upon either a feature finding process or a process that looks for a

35  contiguous group of pixels having substantially the same pixel color. In either of the

above embodiments, the reference region should be of sufficient size in terms of the



30 therefore left as a design choice of a systemin accordance with this

i nvention. One nethod for determ ning threshold and identifying pixels is
described with reference to Figure 15 bel ow. The identified pixels
are then grouped into groups of like identified pixels in step 351430. The
groupi ng i N®2009/ks735dent i fied groups may be perforned wsiTsg:@oanwent i onal
connected conponent analysis algorithm After the identified pixels are
grouped, sanple WO 2009/ 145735PCT/ S99/ 000190 19 squares are sel ected
for analysis to determne the skin disorder shown in step 1435. Method for

det er mi ni ngunibee of piRgl & FAUABES 1PGIR: ﬁl#%@édufa%dsa\ﬁﬁﬁl@ofr tﬁél?iﬁﬁsf'al Bn gb@l-‘&eé 16 and

17 bel ow. disorders a then_ i dentif or classi rom-t

sanpl e squ%gr?'ggt 'F'F]H%s'fnéﬁe 1 %exa}ﬁg B?'Bli’f'éé’gp‘f‘?i? "E?%S‘P‘T%h@ Sﬁﬁ'@'es%‘rﬂ lefit 39 r der s
from t he safigdign ehgigatethosssiidddcihelbad with respect to Figure 18 bel ow.
Process 1400 then ends. Figure 15 illustrates a flow di agram of
process_1500 for classifying pixels of interest in a region of interest in
accor dahce wi t # 8i§PdibddEaient ofdhterest o analyes eicorceiRdo CBesedibRoiipgiass i N
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col or dif f1@n@mmhmjf aratlipseti$ asbd) Beer i rglioh Bfiﬁé l’rﬁégé dr%g'u@@ Bf & l/@‘éleaé tpr ge

color diff 20. st 152 , .each pixel 1n the
rearon(s) § RIFAChPL ibihd the Bliof § IpeE e’ Trobircbefeion G pelh isarer ¢ non
the | oWt ﬁﬂ@éqmu%l sherp Hews srhand problehi gdgmhmshoAzcbrmeawelpl,eatpnidee@I ey a

medi um colsgect fbRNeR GRerRs I [ co or _difference
| ess than St hce I (;a\f;;v t hr eseo t)%(%?d eac e‘frwgﬁg f?ﬁ%%g ﬁﬂgin@lpp ces p'ioagsf"f‘tthtl ed as a

smal | col PRy PHIHRYS Purs °f|PPfe'§thé]ﬂnQ§%f9aﬁ@ﬂymﬁM@§QIXQB@wrehd@theQSf
Fi gures léheastsbvd @nitlokinsentsatie RIgRAS 2f flerb @ shoaliesd bMEirRANPLSe $84aLES Of

pi xel s for S ter, proc assjfies the_pixels 1n accordance
with two enggﬁll"ér/rteérllltosfq% FOH@ aﬁ@‘gﬁtoffi'ﬂ" Sh?‘HhW@r'l'ﬁ‘agﬁl B eXB SUBPEICYss 1600
whi ch ¥s gixgls needash foc sl o samme baingriafti asge dasigy chowglriraSlemhenta@iadhsies | N

accor dances mhddbkBd fRedinent of this invention. 30 Process 1600 begins in

step 1605 by defining a primary m ni nrum boundi ng box (B) that encl oses a
group of pixels defined as a connected conponent as discussed in 1430 of

process 1400 (Jﬁbg&gsa'lbé)therﬁadﬁl}fz@@me% ﬁ%} Qpﬁfe?és@'fn !sté W%@ g @IStO the
primry oundari és of the

0X. i n S
gr oup. W@? ? gl F%@@f r%ders, mcludmg but ot limited 1o types

25 of acne, In particular, the types of acne that may be classified include, but are not limited
to, papules; pustules; open and closed comedones; scars: and pores. Furthermore, this
analysis performed may also detect skin disorders that may be identified using prior art
methods including but not limited to pigmentation variations: pores; wrinkles; color tone
variation; blood and mefanin distribution; sun damaige; and skin cancer. The process

30 used to perform the analysis is discussed below in respect to Figures 14-18, Process
1100 then ends after generating and storing the results of the analysis in step 1125. A
complete description and method for displaying the results are described below with
respect to Figure 13.

35 Figure 12 illustrates a flow diagram for capturing images in accordance with this
invention. The captured images are then transmitted to computer 100 from a digital



connected conponent analysis algorithm Al identified |arge color
difference pixels in primary boundi ng box are then connected into connected
conponents using a conventional connected conmponent analysis algorithmin
step 1620. A secondary m ni mrum boundi ng box (b) is then formed for each
connect ed OVMPYNERT3Sformed in steps 5 1615 and 1620. ARCIGGRIS/HGHWare | s
then generated and returned for each m ni nrum boundi ng box determ ned to be
entirely within primary boundi ng box B%Wn step 1630. The sanpl e square nay
be a difference image within a square proportional to the secondary m ni num
boundi ng bbixagePsmh%sa d608a rhetep dE15e0fpravess i foot rmb@saﬁ,e_ombéfgafs Y RNPE

remai ning Lok ks i qﬁ;]q roces eated, f each
gr oup untl %8%}&9%5 Ogtléi&%esaé?eﬁot () 6%8@36%”&%9?5%%% %d’"ﬁ?@f‘?dgjﬁds
Figure 17 Fhe| erfperatiesa a!!ap!wwmaimgrw#h &f tempiate on chti|r oaligemertt700icktor also

det erm ni nﬂlSﬁIé}Fﬁ@i' i ﬁz“(ﬁs THlls %9%%!&6@%5%9%9@98“&%%' 9B el ort NI S

i nventi / roc%ls qb) ins in ste i mum boundi ng
box Bt at° Rty §rt8 gt lﬁ‘gmﬁ@a WWPE" Qe P‘Pfé%le@QOQim@@Iﬁﬁéﬂ?tsé@jfe@tlm‘ponent
as discussed in step 1430 of process 1400 (Flgure 14). In step 1710,

process 1700 pl e [ edet si ze at each | ocation
in the minimm %geﬁﬁ%grﬁé&g%l; otrﬁ)ef)ﬁof?y ng'ftg BOPFﬁ)b rge i Pplaf fefiertens qre o

det er mi ne Te9@yed g ﬂ]@rskpll@mmmmemf neaded oxstsp 12ﬂﬂme$aeqularheﬂelctknmtaren of

the boxes mvb@tdi@&%@ tﬁ@@na%@oﬂogkﬁ\d&ﬁcﬁr @t ‘f”zﬁgha;%e ngér?&?:]n ﬂ%m ni mum

boundln box, a 20c¢al cu center of nect onen ul at ed

center 'of AUFSEHS 'W%%Ot@%rfﬁﬁﬁe?ft@an%‘g fhe 'W"%‘PH@W\’@H@E@ light SoUrce. The ratio
of plh xel 3 mrtmutaremwemmpaaf aetiart tﬁﬂad:tloﬁlblfm@j pef p&fdﬁ%b& dsthgCRE oRAyare box
is then de 171 | Xe res I Xel s

i denti fi edﬁtgir%ﬁg{?ﬂs%néﬁ rp eﬁe?qml‘-}‘-e cen%?g'? e gjrjlﬁ‘?g? f)‘l"’f?&f’ﬁeq?‘ﬂﬁgﬁreft? ed as
medi um coIféﬁaflﬁ'ﬁﬁ@ﬁbﬁ]ée°|pTIMIfdiersmor@nmftpamllgﬁbsaneénmthérerﬁe‘&:tntealtmde&fft as a

desi gn chohs ce or other bd LePindf LOR %J{:}i’ box b with the |largest ratio
is selected. In step 17d§§ét he ra%%guro i sel ected square is conpared with

a threshold. In step 1727, if the ratio is 30 greater than the threshold,
then the differneste 'nzaa,gema d&lﬁ'mﬁﬁetﬁtbaréﬁtﬂﬁlj@‘eb% t6 cbﬁtuféué Bl irAdge? &

square, h n.the s r fromthe dlfference
mge wi ¢ i 120, RaP bR, hByh s BIRTIURYEE Sndl ot HOF g o Bt ositt e

pi xel s shaadiusting ths paaitioy ef mips. ndyseig ireage di the laft eblicertwvd dightr iyl er the

over | appi ol o8y ol 9885 (PR ALRFALED (5GPRAZER 1O determi ne new

ratios for t he square boxes argest ratios 1S t greater than
the tht’eshol d, process 1700 proceeds to step 1730 and deternm nes whet her

gpgi 252 ez et of Figan aﬁluefratas di ﬁr&ﬁs@ﬂBO@lfc@gg%&fr@ i%@?tsshza%zégéfradé?@?% %hge

pr edet er ni ne%agf’ézné%gtn r&@%e f%&sgﬂgﬁ %’ﬂi’@ %ﬁﬂg 'tﬁéﬁp‘gﬁﬂg oridenifiet es. 1f
not, proceseblemn @Oaaﬁnr@ﬁ‘@ereglons)ofsnbmsn7B&faahdy thixt isrdoha ey aivisuahdisfiey weonnect ed
conponent giRERAIS érfnurﬁprdem’fféﬁ rSoidn Oa?%%ggregifﬁloi g%n% &P tré7l%%’g;e o&ght he

connected conponent . not, process

i || ust?at d89'9 P iBgret 'aglﬁafmgd@ﬂwsa‘e@g?%dnas peblemeaseast aridfry dﬁﬂerermt tosor der s
in the sambpebrausess. Process 1800 begins in step 1805 by extracting
features froma sanple square. Sone exanples of features that may be
extracted include, but are not Iimted to, color difference histograns and
col or di f f er entresiep-18d B utheestassifinations @@ she FHie disorders in the identified problem

areas are reported. This may be through a graphical display to show a patient or as a
30  textual display or printed display. In step 1315, the amount of each skin disorder
identified is quantified.  The disorders may be quantified in many different ways,
including but not limited to, number of affected skin areas, percentage of total skin area in
image and/or region; and/or comparison to reports generated for previous images of the
body part of the patient,
35



10 extracted features are then used to classify a disorder fromthe
extracted features using classifier algorithmin step 1810. Sone exanpl es
of classifier algorithnms that may be used include, but are not limted to,
Bayesi an classifiers and Support Vector Mchines. After the sanple square
i s classifVY2004568ss 1800 determines in step 1805 whdCHEG2QREBY) s

anot her sanple square to classify. If so, process 1800 is repeated from
step 151805 for a new sanple square. Oherw se, process 1800 ends.

The above enbodi nents provide a description of features and advant ages of

this invention.ThelquisireaudlLRReskih b@&@e@lsekéc% drlthd ﬁa‘gtnd?ggé setgnt:‘%olr![ -

design alternatjve, sy t hat ripge on this inve
the fol | oWy &'A SR 1%@”%??”'@[}9\?@8" %°”ﬂh§{?§f‘é’ﬁﬂ‘*’§ﬂ’ay&9ﬁéﬁ‘§f§r R GeeerEs to
treat ski nmdgssomdamssotbemmy daisingy byam desTmege ot:tammtbmemh snaamezaltﬂxe/c&%t osing a

ity; d t;
SRR T T L T A T
pr oces$i nghe glignatent way b%@@ ovariay Ofsféﬁ d:utrmtgied brevivus anages asninr soddrEimapes sai d

10pr ocessi d“.ﬂ[n%N SIS UHEShAEes: dhy RIHRF Eﬁ-:%@ﬁtafgﬂ\ tﬁat%s%ﬁ}rmm&'nt IEC?B]%@!BJ?. & by said

processor ; | nstructions stored sai d nmenor rect
pr ocessi ngelYRY e giff GWBE%PWE%'PH‘Q??T{?Q%“SGF and/or Pat'e"" Process 130%@?@ ﬁﬁﬁiéhe a

ref er ence aftegisep fa2Brwvieai 4l bﬂmgQ)ré@ﬁfaﬁéﬁ‘I&hdfﬂﬂ infageelanbRked KicNstdeaabqy Of
on of .interest of said body part in said

sal d bocy BRtdetedIRbEbT AT EbRE Ak P'egPdRof interest using said

| mage, detect pro
referefice area, classify disorder of said problemarea, and generate

resul ts; 20whergjyre 921 iflstrRel 'PsdebOR506 GordQEESing 3kl HESFBLET FLGSLQFPr i se:
interest in an image in accordance with embodiments of this invention. Process 1400
begins in 1402 by normalizing the image. This may be done by flattening the brightness
or value V in the Hue-Saturation-Value (HSY) color space to a predefined value, such as,
15 but not limited to, 0.8. After the image has been normalized, a natural pixel color is
determined from the pixels in the reference region previously received or determined in

step 14065. !

Once the natural pixel color is determined from the reference region, the color
20 difference of each pixel from the natural pixel color is determined in step 1410. In
accordance with some embodiments of the invention, the color difference of a pixel is the
absolute value of the natural pixel color subiracted from color value of the pixel
(IPixel_Color_Vaiue - Natural_Pixel_Color_Value|). However, other calculations can be
used without departing from this invention. The color difference for each pixel is stored for

25  future use.

In step 1415, the pixels having a pixel value above an Interest threshold are
identified. The interest threshold is a predefined value that is dependent upon the skin
disorders being studied, the quality of the images, and quality of the disorder data and is

30 therefore left as a design choice of a system in accordance with this invention. One
method for determining threshold and identifying pixels is described with reference to
Figure 15 below. |

The identified pixels are then grouped into groups of like identified pixels in step
35  1430. The grouping into like identified groups may be performed using a conventional
connected component analysis algorithm. After the identified pixels are grouped, sample



I nstructions to: determine a natural pixel color fromsaid reference

regi on, conpute a color difference of each pixel in said region of

i nterest and said natural pixel color, 25identify each said pixel in said
region of interest with said color difference that is greater than or equal
to a thresha ¥p9/145735 determine a like identified groufCaBGpPWAR ity of
pi xel s fromsaid identified pixels using connected conponent anal ysis, and
identify an area as a plurality of pixé®s in a set of connected |ike

i dentified 30groups. 2. The systemof claim1 further conprising: a
pri sm devi mamrﬁreg;eree&dlf& sidi@isCRVAdtyrmiies bR Q@{ u@@ﬁersgdo%cuar%@mm sai d

bod d I it f n

ol cor 1 g0 BF AeRri Rl e SRt AeSPbes b tebert el 1B ang
caner a, sa1ﬁb$jb\ur §h¢ sigin disondersrave treardentiiedorpidssifiedieoth thes enelesmiarguned to
cause sai dsedRAG tQ &a&gsy rf@r élas%ggﬂhé tﬁé*%ﬁfr‘ SR Fo tf]«% 32@10%' %ﬁa 3. a

second side of said éstem 0 eréein said
prism dievu%eéceb?ﬁﬂv'ﬁhﬁ@ecaomuw&wﬁé@wemcw OP fhegesds.r om sai d plurality of
mrrors to said canera. 5 4. The systemof claim2 wherein said prism

devi ce conpri ses: woan array of mrrors configured to reflect inages
f(ra\(;lm sai d”B| ur ﬁgt{r?, 15¢ hustetesr 3 ﬂB‘%‘/ft %a%rﬁfnd"fcarﬁﬁ?sé 1%5 of rlasslehirF | ai m 2

wher ei n saigrast iis @ fegicadjfusteadst én tocaltiaraes with dn Gabetiangnd of this invention.
Process 1500 begins in step 1505 by constructing a histogram of the color differences of

10 the pixels in the region(s) of interest. In step 1510, a distribution model is then fitted over
the histogram. Preferably a Gaussian distribution model is used. However, other
distribution models may be used without departing from this invention. From the
distribution model, a high threshold and a low threshold are determined in step 1515. For
example, the high and low threshold may be the values of a predetermined standard

16 deviation from the mean. However, one skilled in the art can use any number of methods
for determining these thresholds without departing from the invention,

After the high and low thresholds are determined, each pixel having a pixel color
difference greater than the high threshold is identified as large color difference pixels in
20  step 1520. In step 1525, each pixel in the region(s) of interest having a pixel color
difference that is greater then the low threshold and less than the high threshold is
identified as & medium color difference pixel. Each pixel having a pixe! color difference
less than the low threshold or each remaining pixel is then identified as a small color
difference pixel in step 1530 and process 1500 ends.
25
Figures 16 and 17 illustrate processes for selecting sample squares of pixels for
analysis after process 1500 classifies the pixels in accordance with iwo embodiments of
this invention. Figure 16 illustrates process 1600 which is a first process for determining
sample squares for analysis in accordance with an embodiment of this invention.
30 Process 1600 begins in step 1605 by defining a primary minimum bounding box (B) that
encloses a group of pixels defined as a connected component as discussed in 1430 of
process 1400 (Figure 14). A morphological operator is then applied to the primary
minimum bounding box in step 1610 to dilate the boundaries of the group.

35 In step 1615, all identified neighboring medium color difference pixels in the

primary boundary box are connected into connected components using a conventional



capture one of a single inage of said body part and said split inage of
said body part. 23 6.The systemof claim2 further conprising: a
rest stand in said cavity configured to place said body part in a
substantially constant position in said cavity with relation to said
canera. 57.WR@844FEm of claim 2 wherein said body par tPGTESGRPAEMIDLF a

subj ect and said rest stand conpri ses: a chin rest defined as an
indenture in said rest stand configuredto allow chin to rest in said

i ndenture. 10 8. The system of claim 2 wherein said conpartnent conprises: a

back si de wainketted chimpstiens atlglysh@ blgoritims €A Enifricd 8218 | cojor Aiffeldned pRBR R said
plurality pf m’r oS af fbi xed t% sai dnf |tr§t, g}l de wall; and n1‘3?1a second one of
sai d pl uraPi"Py oFourﬁ FPors* a1'Fi K80 tYMSEPY 8 c&ﬂ'&f‘eé“feﬂe_"%P‘P. g FRBIsHst em of
cl ai m 8 wheerweriiopali dorfriertet @mnposaitdaredcizndgoitas iaf stfspl’diﬁpl urakédoyidary

I rrors ar gy i i urthe onpri sing:
st b A SR bk 12 HAR Rl by oY ol HLoP TR e 1o
make said §10shElf Asamplepsasees istthien pemdrated eod aefuustdbl eachamdimum  a
second hi ngeinamgmeg bilagniss @ Hel dnSiteSiithh YWhhdry BOGheRR x?ta@t‘%feg' @B8oWght to

[ ' rality of mrrors adju
make said gaecp(?nd Pl Saltgffé)rl et g within a square propojrtionai io the secondary

mple square may be a ence imag
minimum bounding box. Process 1600 then determines if there are other groups
remaining in the image in step 1635 and process 1600 is repeated for each group until no

10 more groups remain to process. Process 1600 then ends.

Figure 17 illustrates a flow diagram of a second process 4700 for determining

sample squares in accordance with another embodiment of this invention. Process 1700
begins in step 1705 by defining a minimum bounding box B that encloses a group of

15 pixels defined as a connected component as discussed in step 1430 of process 1400
(Figure 14). In step 1710, process 1700 places a square box of a predetermined size at

each locafion in the minimum bounding box. %t is left to those skilled in the art to
determine locations for placement of the boxes. However, the location of the boxes may

be determined as a predetermined set of pixels within minimum bounding box, a

20  caleulated center of a connected component, & calculated center of a group like

componaents, or in any other manner.

The ratio of pixels of interest compared to total number of pixels in each square
box s then determined in step 1715. The pixels of interest may be pixels identified as
25  large color difference pixels and/or pixels identified as medium color difference pixels.

The exact pixels of interest are left as a design choice.

In step 1720, the square box b with the largest ratio is selected. In step 1725 the

ratio of the selected square is compared with a threshold. In step 1727, if the ratio is

30 greate% than the threshold, then the difference image inside the square box b is output as
a sample square, and the pixels in the square box are removed from the difference
image within the minimum bounding box B. Thus, any pixels in a set of pixels shared with

an overlapping square box are removed from the overlapping box. Next, process 1700 is
repeated from 1715 to determine new ratios for the square boxes. If the largest ratios is

35 not greater than the threshold, process 1700 proceeds to step 1730 and determines
whether another set of squares of a different predetermined size has yet to be processed.



25 11. The systemof claim 10 further conprising: a first actuator that
rotates said first hinge. 12. The systemof claim 11l further conpri sing:

30a second actuator that rotates said second hinge. 13. The system of claim
8 further conprising: a cover over said back, said first, and said second

si de wal | s v 209%i4d7%6onpart nent. 3514. The system of cl aiPGTES2REEIN sai d
cover conprises: a plurality of novable panels. 24 15. The system of claim
13 further conprises: a head gutde affixed to said cover and
extending into said conpartnent to aid in aligning of a head of a subject

to capturef $8] grocBBIe70 pRglase &f s&pl fraaulj &Gtihe ﬁ)ré&termf%dsé@é @H@i gf claim

1 further co lurality of caneras includin sal canera
in saiding %%‘i)ﬁﬁ'ﬁ?‘f”ﬁ%mm@aﬁﬂw S‘Bts?fﬁqﬂ B0 M2t RPEessn! 7OfPgRee gﬁj

parti cul ar‘l?\ﬁﬁmndpdﬁtertrﬁneﬂaﬂﬂﬁndfh@' Sysbeaal mﬁmpbwnmérﬁaIMenfesm mms@ﬁ?eml d
plurality g 3o 304 WP e Anh R oRlpofrt ' RAbA Lo fobh s M7Bbendld hody part.

18. The syst clafm wherein one of rSai caneras captures
an

Figure 18 illustrates a flow diagram of process 1800 for classifying skin disorders
in the sample squares. Process 1800 begins in step 1805 by extracting features from a
sample square. Some examples of features that may be exiracted include, but are not
limited to, color difference histograms and color difference co-occurrence matrices. The
10 extracted features are then used to classify a disorder from the extracted features using
classifier algorithm in step 1810. Some examples of classifier algorithms that may be
used include, but are not limited fo, Bayesian classifiers and Support Vector Machines.
After the sample square is classified, process 1800 determines in step 1805 whether
there is another sample square to classify. If so, process 1800 is repeated from step

15 1805 for a new sample square. Otherwise, process 1800 ends.

The above embodiments provide a description of features and advantages of this
invention. It is envisioned those skilled in the art can and will design alternative systems
that infringe on this invention as set forth in the following claims.

20



I mage of a left oblique of said body part. 15 19. The system of claim 16
wherein one of said plurality of cameras captures an inage of a right

obl i que of said body part. 20. The systemof claim1 further conpri sing:
20an optical filter between said body part and said canera to all ow
particul ar wavel engths of light to pas§ to said canera. 21. The system of
claim1 further conprising: an optical filter between said body
part and Aﬂ{l anera that polarizes said |ight to 25control a polarization
of state @ﬁ % reaching said canera. 22. The systemof claim 1l wherein
said |light source provides ultraviolet Iight and said ?anFra c?pazres an
ul travi ol et e of said body part. 3023. The systemof claim erein
sai d I3 gh‘l9 so[}?g&s WJW%@%VSIW'WQQ%tOIV%?k'HﬁEO FYCUBPASINY-capt ur es an

infrared i rragearoi-na@alddn-@gﬂyheaﬁﬂsémm%n'gt@gm ¥esdamy;0f claim 1 wherein said
instructions to reference region conprise: 35instructions to

termne s
recei ve an |np%{'&ﬁagﬁ‘ﬁc?f'w%‘gc%‘ﬂtyé?éﬁeq}fat"ﬂ?/ g Rody@artd i mage for use as

sai d ref er encea t@gemnn said zavidBor FRufSrEMaek of k&l Body phver ei n sai d
instructions to determ ne sai reference r egl on _conprl se:

i nstructions td PERAEEFRY ysiem frggcelving 5 iMagr fRay paig @mesasvhareintsgsl xel
col or1of orprosessitg sy8ieth MeIUBES BGRoEeR8bI00NIt and a memory readable by said processor;

and
instructions stored by said memory that direct said processing unit to:
receive said image,
determine a reference region from said image representing a natural skin
15 color of said body part,
determine a region of interest of said body part in said image,
detect a problem area in said region of interest using said reference area,
classify disorder of said problem area, and
generate results;
20 wherein said instructions to detect said problem area comprise:
instructions to:
determine a natural pixe! color from said reference region,
compute a color difference of each pixel in said region of interest and said
natural pixel color,
25 identify each said pixel in said region of interest with said color difference
that is greater than or equal to a threshold,
determine a like identified group of a plurality of pixels from said identified
pixels using connected component analysis, and
identify an area as a plurality of pixels in a set of connected like identified
30 groups.

2. The system of claim 1 further comprising:
a prism device configured in said cavity to be between said camera and said body
part; and
35 a plurality of mirrors in said cavity configured to reflect images of said body part
onto said prism device wherein said camera, said plurality of mirrors and said prism
device are configured to cause said camera to capture a split image showing a first side

and a second side of said body part.



26. The systemof claim1 wherein said instructions to determ ne said
region of interest conprise: instructions to receive an input of a
portion of said imge for use as said region of interest. 27. The system of
claiml1 wherein said instructions to determ ne said region of interest
conpri se: instructions to deterffdhe a region of said i nage between
known features of said body part. 15 28. The systemof claimof 1 wherein

said instguctigons t? de} el\r,m'£|e said like identified group conprises:
i nstruct i Yns t b€ System of claim 2 wherein sgi U GeYice CeBPEESHi f f er ence hi st ogr am

for said piXxel#pfigh it eeffef iMages fréMi satepieRlity of mirdrs @ s4iliicAmel2n nodel over
said histogram determ ne a high threshold fromsaid distribution nodel,
determne a low threshold fromsaid distribution nodel, identify a pixel in

sai d regifn of The¥yeters bf AGinA2 Wwhs@h o PrisrAl dbligs esRsrigdsxel i f 25said col or
di fference of said i reater than said high threshold,

ixel is S | ) )
identify a pi x@ arir?ﬁpgé?’ﬁmf% iguiad tofelect #nages Tomsaid pivrably s mifremanihce
pi xel if s céamg@bor di fference of said pixel is |less than said high
t hreshold and greater than said | ow threshold, identify
a pixel in said region of interest as a small color difference pixel if

30sait ca.or ditfd systuts @f icRirh E5whéRRNsHAIpAsmOY ddilisBHOtFallcdaid camera Yher ei n
said like i gentl flgéjg@é]gg i ncgjdgﬁ?pl xel s havi nglitt he same identified color

di f f er enc@PUQONgR g¢ o SePThanesad salit imagmsefsaid haslyparty

classify said area conprise: 35instructions to:



divide said area into a plurality of sanple squares, 26 classify each of
said plurality of sanple squares as a disorder. 30. The system of claim 29
wherein said instructions to classify conprise: instructions to: 5extract
features fromsaid sanple square; and classify said features using a
classifier process. 31. The system of ghaim 30 wherein said classifier
process is a Bayesian classifier. 1032. The system of claim 30 wherein said
cl assi fi ef. prothssystam af daippdfurtheecdroprisilechi ne. 33, The system of claim 29

wherein said i | ons.. t: Y sald area int.g.,a plurality of sapple
squar es conpri%iégft%‘i%‘}oﬁ@t?éd%tcg‘g sg%g'ﬁaﬁgttgrﬁ?c’r?esﬂgﬁpp At 'Hi%%ﬂ?ﬁ#?’_ﬁ'@[&:di ng
box i ncl uetinstandpositiindelsaidiaavibawith eslaton to said camera.appl y a nor phol ogi cal
operator to dilate said boundary of said area, connect each group of

nei ghbori ng redi um col or difference pixels in said 20primary m ni num
boundisng box i Thesysterorheleined vdengiosaitt body part is acacmets sabiett amdosal @ist

nei ghboring |\ B3Hrise Jor difference pixels in said primary m ni mum boundi ng
box into & connected conmponent, determ ne a secondary m ni mum

boundi ng box farchipaest definec et e iodenioredntsaidf@destandicosfigemehtessibanctan Yo

m ni mum baunding heGatirely within said primry m ni rum boundi ng box, and

10 8. The system of claim 2 wherein said compartment comprises:

a back side wall:

a first side wall;

a second side wall;

a first one of said plurality of mirrors affixed to said first side wall; and
15 a second one of said plurality of mirrors affixed to said second side wall.

9. The system of claim 8 wherein said first and said second ones of said plurality of
mirrors are adjustable.

20 10. The system of claim 9 further comprising:
a first hinge connecting said first side wall and said back side wall o make said
first one of said plurality of mirrors adjustable; and
a second hinge connecting said first side wall and said back side wall to make

said second one of said plurality of mirrors adjustable.

25
11. The system of claim 10 further comprising:
a first actuator that rotates said first hinge.
12. The system of claim 11 further comprising:
30 a second actuator that rotates said second hinge.

13. The system of claim 8 further comprising:

a cover over said back, said first, and said second side walls of said compartment.

3B 14, The system of claim 13 wherein said cover comprises:

a plurality of movable panels.



return each said secondary m ni num boundi ng box determined to be entirely
wthin said primary m ni num boundi ng box as one of said plurality of sanple
squares. 30 34. The system of claim 29 wherein said instructions to divide
said area into a plurality of sanple squares conprises: instructions to: 1.
determ ne a primary m ni num boundi ng bgx including all pixels in said 27
2. arrange said pixels in said primary m ni nrum boundi ng box i nto groupi ngs
of a plurality of squares include an equal nunber of said pixels wherein
said nu I SN f l.urality of predetermned sizes |,

3. dete?tr)nﬁ";\e grhrea‘?&sgenb&%?'%eﬁsﬁuge{eﬁﬁ?ﬂgoﬂég?' I n each square to a total nunber
of 5pi xel s i n adiedd guideadfiited tofsasledavenhind gxtanding into said cofpardmieat Wi ai¢ irsai d

one of said plucalit f uares_having. a greatest ratio, . 5.

det er m ngél'?m@?%i? *‘SS‘?!BP? 3@%(%5? ST e esogﬁ 9 ArRId 4PiesH squares s
great ér than, and 6. include said one of said plurality
of squar I n i I l,J.t f. sanpl e. 10squares responsive to a

determ ngﬁ'on -@%s%sfégﬂsﬁdgf'g'y1g|€"5tg?reég?w{5wgsai d threshol d, 7. renove
sai d pi xel s i ra phralitooe cohessi idcipting adaiid yambras ipusaie Imhge reonipatmenhn eactof
said pl urp%%lti% fgéaﬁ&?gafnﬁ%?ﬁgffgm P%‘ﬂg“'gﬁ;"ié‘?\%ﬁ steps 3-7. 1535. The system

of claim erein said area into a plurality
of sanpl e squares further conprise:
10 17. The system of claim 16 wherein one of said plurality of cameras captures an

image of a frontal view of said body part.

18. The system of claim 16 wherein one of said plurality of cameras captures an
image of a left oblique of said body part.

15
19. The system of claim 16 wherein one of said plurality of cameras captures an
image of a right oblique of said body part.
20. The system of claim 1 further comprising:

20 an optical filter between said body part and said camera to allow particular

wavelengths of light to pass to said camera.

21. The system of claim 1 further comprising:
an optical filter between said body part and said camera that polarizes said light to

25  control a polarization of state of light reaching said camera.

22. The system of claim 1 wherein said light source provides ultraviolet light and said

camera captures an ultraviolet image of said body part.

30 23 The system of claim 1 wherein said light source provides infrared light and said

camera captures an infrared image of said body part.

24, The system of claim 1 wherein said instructions to determine said reference region
comprise:
35 instructions to receive an input identifying an area of pixels of said image for use

as said reference region.



I nstructions to: 9. determ ne steps 2-8 have been perforned
for a plurality of squares for each of a plurality of sizes, and 2010.
repeat steps 2-9 for another one of said plurality of sizes. 36. The system
of claim 34 wherein said plurality of squares are arranged to overlap one
anot her in said m ni mum boundi ng box aas over | apping ones of said plurality
of squares include an overl apping set of pixels. 25 37. The system of

cl ai m 34 her eThe sateth pf daiinst ahereit LAieBiktradtiont & gaeh®saidiréfbRines esyigh xel s.
38. The scystem of claim 34 wherein said pixels of interest are medi um col or
di fferenc®™BPxel s. 39. The system of claim 34 wherein said pixels of
interest are linstgetiomdtonizdérnrineah areadiffsaty inrge Haixglascondmidht pixebtdiadof or
anal yzing a skin d sorder With a processing system conprising: capturing an
i mge of esal?lsr?dorfeeéerbci?d'ﬁg'ﬁart with a canera; 28 deternining a reference
regios of a first plurality of p| xels fromsaid i mage; determ ning a region

f t d_pl f ' ; | yzi id
Fegi on of2% nt cFeseyTRre) Sa T uhefbim Gad ERUOTa 1A SREN 1AG e B8
5wher ei n isterest sdbraprisef anal y2| ng said reg| on of interest conprises: I
det I Ni .nat I f t . pl | i S
e 0 o bl B9k 5 B RRGERER ol df b et P B bl Bhbphoes

pi xel of isteredt.second plurality of pixels fromsaid natural col or;

10
27.  The system of claim 1 wherein said instructions to determine said region of
interest comprise:
instructions to determine a region of said image between known features of said
body part.
15
28. The system of claim of 1 wherein said instructions to determine said like identified
group comprises:
instructions to:
construct a color difference histogram for said pixels in said region of
20 interest,
fix a distribution model over said histogram
determine a high threshold from said distribution model,
determine a low threshold from said distribution model,
identify a pixel in said region of interest as a large color difference pixel if
25 said color difference of said pixel is greater than said high threshold,
identify a pixel in said region of interest as a medium color difference pixel
if said color difference of said pixel is less than said high threshold and greater
than said low threshold,
identify a pixel in said region of interest as a small color difference pixel if
30 said color difference is less then said low threshold, and
wherein said like identified group includes pixels having the same identified
color difference.
29. The system of claim 28 wherein said instructions to ciassify said area comprise:
35 instructions to:

divide said area into a plurality of sample squares,



10i denti fying each of said second plurality of pixels having a col or
difference greater than a threshold; generating a group for each
plurality of neighboring pixels fromsaid identified ones of said second
plurality of pixels; determning a plurality of sanple squares for each
sai d group generated; 15and claggi fying a skin disorder represented
by each of said plurality sanple squares. 41. The nethod of claim 40 .
further conpri si ng: clageifypaan ohepic plpralityadfisaynple squaeasess dlissded skin of said
body parts wth said camera wherein said image is one of said plurality of
I mges. 42. The nethod of claim40 further conprising: _ _
capturi ng3@ pl lireasystem of claina@@whersimspidingtrustiohs ty classify aomipeise:wher ei n sai d
i mage is 25°nein9tfruc?'§h9to°| urality of imges. 43. The nethod of claim40

wherein said step o capturing said image conprises: aligning an initial

i mage of said body @dract feetunes fiors shidysadchple squasaiatidcaner a wi tp a tenpl ate on
a display. 30 44. T, : | aim.4 nerein said step of capturing
i agsﬁggﬂqegtre% uglng]aar(g?%%}feégﬁcgﬁ% fromsaid

said i mage conpri ses: novi Ng specu _ ( idimge. 45.
The nethod of claim40 wherein said imge is an inmage of said body part

froma 35gi ngl | A : hod of ¢laimé4 erein said
si ngl e pglﬂﬁt 0 éj@g\%"‘? g‘f nglbf%bn g {ﬂsga\% clggs‘?ﬁeq'%ﬁ'ocegs IS a Bayesnan c§a53| ier.

10 32 The system of claim 30 wherein said classifier process is a support vector
machine.

33. The system of claim 29 wherein said instructions to divide said area into a plurality
of sample squares comprises:
15 instructions to:
determine a primary minimum bounding box including all pixels in said
area,
apply a morphological operator to dilate said boundary of said area,
connect each group of neighboring medium color difference pixels in said
20 primary minimum bounding box into a connected component,
connect each group of neighboring large color difference pixels in said
primary minimum bounding box into a connected component,
determine a secondary minimum bounding box for each connected
component,
25 determine each secondary minimum bounding box entirely within said
primary minimum bounding box, and
return each said secondary minimum bounding box determined to be
entirely within said primary minimum bounding box as one of said plurality of
sample squares.
30
34. The system of claim 29 wherein said instructions to divide said area into a plurality
of sample squares comprises:
instructions to:
1. determine a primary minimum bounding box including all pixels in said
35 area,



47. The nethod of claim40 wherein said image is a split inmage is an imge
showi ng said body part froma plurality of points of view 5 48. The

met hod of claim47 wherein said split image includes a |eft obli que vi ew
and a right oblique view of said body part. 49. The nethod of claim 47

ad ust ! ng-angl es. o STBTIPAFREY PBFEAIT RBFs Rimely raPEFENeR P pox dnte
fl' [1 gn';re ;)1;1 OzlalO ]9 C;iﬁumigadfcgra\cl\b}l&rahtgl dﬁedwarparrtcll.lde amrenuladmémberdafspiccjh ]:tlxa!snlugeem 50.
im erein sa enerating said results
conpri ses: 1588t %'%0%‘%@ Rife thtyé)z egeémg'e 51. The nethod of
c: aim ;19 wher ei E sadde@trﬁine(afraﬂene:)mls ofintzxest im eamh s$cpuaco topa tadalmgmber of
classifying a s |r1 | sorder roblem area fromsaid i mage. 2052. The
e s

met hod of cl aiPesd Bl 8% “Fenerating said results conprising:
classifying a plurai uétf.rmhe&bldrbrm of aaidayiwralitn of squcares ldlingna greatest rabioy sai d

esulis furthor corpPElEesRRa 3g 141G o sohus el Bl p BiE oAbadgR ',

sai d problem @(;@erthsﬂ .anfihe net hod of claim 53 wherein said step of
generating said result urther ri i unt
of said skin di sor %ﬁ'% OB? pj "825%&" Sﬂu%rﬁﬁd%%'g'ﬁpﬁu%@gaoﬁgag\??egn

di sorder in S%iqdarl@é@éﬁp@ﬁs:aéeﬁaﬂétermmamn smctratwaggteaten tisdrosmid theesield, i n sai d
probl em area. 55. od of.

said results corrpr-l?]égmo\éﬁ PYHi %éﬂ aaé vﬁ%’ E'?%' %\%/fg a(lllés H-SHF&%,I "
di spl ay for a oniesdbsaid phipsity squuarespand

8. repeat steps 3-7.

15 35 The system of claim 34 wherein said instructions to divide said area into a plurality
of sample squares further comprise:

instructions to:
9. determine steps 2-8 have been performed for a plurality of squares for

each of a plurality of sizes, and
20 10. repeat steps 2-9 for another one of said plurality of sizes.

36. The system of clairh 34 wherein said plurality of squares are arranged to overlap
one another in said minimum bounding box and overlapping ones of said plurality of

squares include an overlapping set of pixels.

25
37.  The system of claim 34 wherein said pixels of interest are large color difference
pixels.
38.  The system of claim 34 wherein said pixels of interest are medium color difference
30 pixels.

39. The system of claim 34 wherein said pixels of interest are large and medium color

difference pixels.

35 40. A method for analyzing a skin disorder with a processing system comprising:

capturing an image of a skin of a body part with a camera;



56. The nethod of claim40 wherein said step of capturing said inmage
conprises: capturing an ultraviolet inmge of said body part. 57. The nethod
of claim 40 wherein said step of capturing said inmage conprises: 5capturing
an infrared i rage of said body part. 28. The nethod of claim40 wherein

said step of determ.nin aid referenc i | Lving an

i nput i denti fﬁe&\ﬂ%'?q ?g?ngﬁﬂ'GEé?Qﬂ HIEEQEFSE @ﬁrﬁﬂ@ g%& 'f°§'?§?'82@§9? ‘egi on.

59. The net hOCHe@émﬁthﬂ@ mré@ombﬂhte'réstsahéeedrﬂm[mrbhtglef pm(alsrfnongsandumlageeference
regi on conpris including a

bl o al'i Ly of - preEnerssid egien o FigeRitelb HieB ettt e ne oai d
(rjeference reglgymerahﬁg rédllts;The net hod of claim 40 wherein said step of
eternining sai,d region, of nt rest c ris eiving an input of a
portidn of sal"ﬂ“ei"?t‘a @'dt%e‘hg Zg'gl‘?j" %-@0& H}tere tlc%orr%%rsg 2061. The nethod of
clai m 40 wherein saigtergiitiig afnatledlesotor fiongedars f saigifist phirality bepirals in said
conpri ses: dete m ni ngﬂa region of said imge between known features of

sai d body par tre eryy-e 998 net hod of claim 40 further conprising:

25][10r mal i zi ng a coldsterpfinieg@hcaldr ditférdnéa from gdohr pikeltof safd gecoat pluralitg af d

ref erence regign lor to ning said natural color. 63. The nethod of
clai m 40 furt H¥® '%(’5 PF‘&"!?S“‘aF‘m%r normal i zing a col or of each of

sai d 1gecond pl ural ilaemwmgaemi of daiid sedothdrpegrialitn o6 hixBI3i hetvirges tolpr difference

det elrm' ni ng Sadrgatgpghan a%resﬁolgnce for each of said second plurality of
pi xel s.

generating a group for each plurality of neighboring pixels from said
identified ones of said second plurality of pixels;
determining a plurality of sample squares for each said group generated;
15 and
classifying a skin disorder represented by each of said plurality sample

squares.

41. The method of claim 40 further comprising:
20 capturing a plurality of images of said skin of said body parts with said camera
wherein said image is one of said plurality of images.

42.  The method of claim 40 further comprising:
capturing a plurality of images using a plurality of cameras wherein said image is

25 one of said plurality of images.

43. The method of claim 40 wherein said step of capturing said image comprises:
aligning an initial image of said body part being displayed from said camera with a
template on a display.
30
44,  The method of claim 40 wherein said step of capturing said image comprises:

removing specular reflections from said image.

45, The method of claim 40 wherein said image is an image of said body part from a
35 single point of view.



64. The nethod of claim40 wherein said step of determ ning said sanple
squares for said group conprises: constructing a col or

di fference histogram of color differences fromeach of said 35identified
ones of said second plurality of pixel &% n said region of interest; fixing
a distrib t|o

r._sai isto er m.oin high threshold
from sai cf di st rhetﬂ]‘?'}"Bg 3'5] 4955?@%‘?%915 Rot WP‘&@%BI% %’ dM'sai d
di stribution nodel; categor|2|ng an identified one of said second
plurality of xel s idr i interest _as.a la color difference
D el 1 1 ai o insameinpi el caive A EreiB eaiciRogat 8 Fhumede el Pude ST e
I's great ejaid ety paati febria Plurdihy espshte of view. categorizing an identified one
of sal d second plurality of pixels in said region of interest as a medium

col or °di fference pi xel if said color difference of said identified one

pi xel is 4aess THeafietdal af Hhigh4a? Wheshodald spid irgagaineludedatefsabliué eiswt dmdes hol d;
categorizjn nidentified opne of said second plurality of pixels in said
regi on of”gfgi)ﬂ{qé‘?é’ﬂ” %{ssagﬂgq;& R0l or difference pixel if said color
difference of said identified one pixel is Iess then said |ow threshold.

65. The ngth f cl 4. wh d_st fdt id pl lit
of sanpl g'%sqﬁarr%s n?eét?olcg]g?cfladrpgr wﬁ%ﬂeF%ge%BSI%fegap lrirrgnygltc’ggn{%ﬁ%%gPﬁH%fi Ima%/y
m ni gmM kewipdising: box including all pixels in said group applying a

nmor phol ogi cal erator to b t

eacE\ gr 08:0 of ar?ﬁ'fsﬂﬂ%gpglﬁa ﬂ@a‘ﬁ‘ﬂfﬁ{'t&ﬂf&?'"g%f‘?"g} getfu%gn t?e? g?.g,ﬁqgg%g{m cﬁ%ng

m ni mum bavieh Bed Baid body park icpiovieie isaid spiinipzigent ; connecting

each group of neighboring large color difference pixels in said primary 20
m ni nrum boundi ng box into a connected conponent, determ ning a secondary

M ni mum BgundiThe Metod of claic4o waemsmsmprqagamtmmmmns pomprssEs: sai d
secondary m n| m boundi box enti W thin said primry boundi ng box,
aHfern s,

and 1° cé'f’%f’rﬂr &R O ndary ni ni mum boundi ng box
determned to be entirely

51.  The method of claim 49 wherein said step of generating said results comprising:

classifying a skin disorder in said problem area from said image.

20 52. The method of claim 48 wherein said step of generating said results comprising:
classifying a plurality of skin disorders in said problem area from said image.

53. The method of claim 49 wherein said step of generating said results further

comprises:
25 quantifying an amount of a skin disorder in said problem area.

54. The method of claim 53 wherein said step of generating said results further

comprises:
comparing said amount of said skin disorder in said problem area with amounts of

30 said skin disorder in said problem area from previous images to show changes in said

problem area.

55. The method of claim 40 wherein said step of generating said results comprises:
aligning said image with a previous image on a display for a visual comparison.
35



25w thin said primary m ni mum boundi ng box as one of said plurality of
sanpl e squares. 66. The nethod of claim40 wherein said step of
determning said plurality of sanple squares for said group conprises: 1.
determ ni ng a pri mary m ni mum boundi ng3®ox including all pixels in said

"t or ot nga Brangn ar apim §) dFerdin a8l bk AR SRER? oai o

pi xel s wher ei reaphirielg an witeviolet image of said pbdyr@.ty of predeternined sizes;
3. determning a ratio of pixels of interest in each square to a total
nunber of pixels in said plurality of sets of squares; 354. determ ning

g ai g one 57f sarh@ rﬁétﬁb@bf &15im040 wherenesaidhstep 0 captonrepdais Imaget dompris82
. determnin t her .said ratio_of aldoeof said plurality of squares
i s gréaater thgﬁ?\,\ﬂ“"f’ﬂrag rar%d image of salg OdM(PFBdI ng said one of said plurality

of squares in sald plurallty of sanple squares responsive to a

det er mi nati on at.i sge er.tha resho i sai d
bi xel 5 1 #8sar dT6rBebRe <l crip i Ane B9 sk aop e, S FSREETD A o
plurali ty;oﬁfpnsewar es and 8. repeating steps 3-7. 67 The met hod of cl aim 66
wherein said ste ete m ni.ng said Iur it further
conpri ses: rec ‘"@ RIS W]eﬂﬁ'fﬁ'ag peHisn OES%’ 9% éé"ﬁe ggﬁﬁ%f%ﬁ%gg?%ﬁ%
plurabity of squares for each of a pl urallty of sizes |n response to a
det er mi nat.i on ald at,i f s one o uares n
greater tfan s {?Pgsogd’l?%“ @nﬂhi@'n ?@6@2?3 ﬂpdéte@agmé Qf'df BE rgng? ﬁeeq%none of
said pl uroahipi-|ges)f sizes. 15 68. The net hod of claim 66 wherein said
plurality of Sd%%lean[menstngaraen %Ir_eraa% sai ?mgg\;/e :nching a plurality of pixels having a

consistent pixel color for use as said reference region.

15
60. The method of claim 40 wherein said step of determining said region of interest
comprises:
receiving an input of a portion of said image to use as said region of interest.

20 61. The method of claim 40 wherein said step of determining said region of interest
comprises:
determining a region of said image between known features of said body part.

62. The method of claim 40 further comprising:
25 normalizing a color of each of said first plurality of pixels in said reference region

prior to determining said natural color.

63.  The method of claim 40 further comprising:
normalizing a color of each of said second plurality of pixels in said region of
30 interest prior to determining said color difference for each of said second plurality of pixels.

64. The method of claim 40 wherein said step of determining said sample squares for
said group comprises:
constructing a color difference histogram of color differences from each of said
35 identified ones of said second plurality of pixels in said region of interest;

fixing a distribution model over said histogram;



one anot her in said m nimum boundi ng box and overl appi ng ones of said
plurality of squares include an overl apping set of pixels. 2069. The net hod
of claim66 wherein said pixels of interest are large color difference

pi xel s. 70. The net hod of claim66 wheréin said pixels of interest are

nmedi um col or dj fference, pi | s, 71. . The. t ho f claim®66 wherein said
pi xel s of int é’lreLE'é"F"r&rF%a P@bgﬁmgﬁ%‘&ﬁ@mwg'tﬁ'gﬂﬁ% T?%"ﬂence pi xels. 72. The
][ret hod of cl aidetesfminvies @vwthseshdidstep saitl didtétsdioh ynaugl, conpri ses: 30extracti ng
eatures fromeach.aof sai. lural it f I : . .
cl assi fyi ng sa??%gpgﬂ?%r%gls'g%ﬁ'f'gé&qgo% s%éﬂ %gﬁ’ﬁf%\ﬁ?ﬂgﬁ{?r"g?’”‘s‘%% Sea'%&?%?negf usi ng
a cl assi fintetespaoa ¢exge caidr Jifferemet Ipoel idEaidlidenifig® onda pixel of said cblor diferehceer
33, 74. The nmethod of claim 72 wherein

process i s_a_ Bayesian cl.assifi.er. .

sai d Ia?iP?’Pé’Pég'F’@é%@%”ﬁ@” 3"“93%0%65\}78'& or machine. 75. A product for

anal yzi ng an icomgeriting tahddéntified long ofisa@ setond qigralitgiof gixels instaidicegiamsf f or
directing.a ocessing unit to. receive.an i e.of skin. . art
with ac rleg{ aﬁ@t'E?qu'ﬂecoéorrciﬁ%r%?‘?cB'X?Ie'& F%'H C(rsr’?oqéj'%r?@tte %ﬁl%’cﬂqeﬁgﬁ%?gﬁoxel S
from sai gixemadess thar esitrinigh threskgidand gfedtat thar saidddw thrsshoithd pl ural ity of
pixel's from S%‘af’eg'o%ﬁge 'an identified one of said second plurality of pixels in said region of
10  interest as a small color difference pixel if said color difference of said identified one pixel

is less then said low threshold.

65. The method of claim 64 wherein said step of determining said plurality of sample
squares for said group further comprises:

15 determining a primary minimum bounding box including all pixels in said group;
applying a morphological operator to dilate said boundary of said group;
connecting each group of neighboring medium color difference pixels in said

primary minimum bounding box into a connected component;
connecting each group of neighboring large color difference pixels in said primary

20  minimum bounding box into a connected component,
determining a secondary minimum bounding box for each connected component,
determining each said secondary minimum bounding box entirely within said

primary bounding box, and
returning each said secondary minimum bounding box determined to be entirely
25  within said primary minimum bounding box as one of said plurality of sample squares.

66. The method of claim 40 wherein said step of determining said plurality of sample
squares for said group comprises:
1. determining a primary minimum bounding box including all pixels in said area;
30 2. arranging said pixels in said primary minimum bounding box into groupings of a
plurality of squares include an equal number of said pixels wherein said number is one of
a plurality of predetermined sizes;
3. determining a ratio of pixels of interest in each square to a total number of
pixels in said plurality of sets of squares;
35 4. determining said one of said plurality of squares having a greatest ratio,



10anal yze said region of interest using said reference region, and generate
results; and a nedia readable by said processing unit to store said
results; wherein said instructions to anal yze said region of interest
conprise: instructions to: 15determi ne3a natural color fromcolors of said

fi I | i f
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claim?75 Wlmaﬁysﬁsqharastandct lons to generate said results conprises:

I nstructions tpo det a f?bl emarea in said imge. 30 77. The product of
claim76 vvhereq ﬁepseg tﬁg?f} ctions to generating said results conprise:
instructions to classify a skin disorder in said problemarea fromsaid

| mage. ?64f The method of claim 66 wherein said step of determining said plurality of sample
10  squares further comprises:

9. determining steps 2-8 have been performed for a plurality of squares for each
of a plurality of sizes in response to a determination said ratio of said one of said plurality
of squares not greater than said threshold; and

10. repeating steps 2-9 for another one of said plurality of sizes.

15
68. The method of claim 66 wherein said plurality of squares are arranged to overlap
one another in said minimum bounding box and overlapping ones of said plurality of

squares include an overlapping set of pixels.

20 69. The method of claim 66 wherein said pixels of interest are large color difference

pixels.

70. The method of claim 66 wherein said pixels of interest are medium color

difference pixels.

25
71.  The method of claim 66 wherein said pixels of interest are large and medium color
difference pixels.
72. The method of claim 66 wherein said step of classifying comprises:

30 extracting features from each of said plurality of sample squares; and

classifying said features of each of said plurality of sample squares using a

classifier process.

73. The method of claim 72 wherein said classifier process is a Bayesian classifier.
35



instructions to classify a plurality of skin disorders in said problem area
fromsaid inage. 79. The product of claim76 wherein said instructions to
generate said results further 5conprise. instructions to quantify an anount
of a skin disorder in said problemared& 80. The product of claim79
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W th am)uﬁédmr@f said skin disorder in said area from previous inages to
show changes in said problem area. 81. The product of claim75 wherein
said instruction to generate said results conprise: 15instructions to align
sai d i mags. W tmpmdpdstefo'r analyzingige imagetodiezph akinfdisordercospakingonpar i son.  82.
The product of m75 @/ne ein said |nstrt ctions to determne said

ref er @nce regl RS PEArecHRY ASPFEPMBNEHY receive an input identifying

an area of pi xel S Qéceﬁ\aaahimimenffacskmﬁea lelygairidvithed eareer@e regi on.  83. The

product of claim 75 erein nstru t ns to ef erence
regi on conpri se: X%er?c? {%Wgn?%reganeq lﬁfﬁ péwagyggplé?ls f&l“d&l &rﬁ'éjaedehaw ng a
consi stent pi xel calewrmirmr auegioasofsiaterlest effea @acand pigiatity. of ikelsTivam praiiuct
of claim75 wherein said instructions to determ ne said region of interest
conprise: 30i M¥#¥%ctions to receive an input of an area of pixels of said

| maggot 0 use as saighalyze said region of interest using said reference region, and
generate results; and
a media readable by said processing unit to store said results;
wherein said instructions to analyze said region of interest comprise:

instructions to:
15 determine a natural color from colors of said first plurality of pixels in said

reference region,
determine a color difference from each pixel of said second plurality of
pixels from said natural color,
identify each of said second plurality of pixels having a color diiference
20 greater than a threshold,
generate a group for each plurality of neighboring pixels from said
identified ones of said second plurality of pixels,
determine a plurality of sample squares for each said group generated,
and
25 classify a disorder represented by each of said plurality sample squares.

76. The product of claim 75 wherein said instructions to generate said resulis
comprises:
instructions to detect a problem area in said image.

30
77. The product of claim 76 wherein said instructions to generating said results

comprise:
instructions to classify a skin disorder in said problem area from said image.

35 78. The product of claim 76 wherein said instructions to generate said results

comprise:



region of interest. 85. The product of claim75 wherein said instructions

to determne said region of interest conprise: 35instructions to determ ne

said region of interest in said inmge as pixels identified by between known
features of said body part in said inagé. 35 86. The product of claim75
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ref erencemaggi on prior to determining said natural color. 587.The product
of claim 75 wherein said instructions further conprise: normal i ze a
col or of each of said second plurality of pixels in said region of interest
prior to TeterTheprogudtadfdizial 1& whkrkfnesato twetrictions dc lgenéragasald sesutta durther
plurality of pixels. 88. The product of claim75 wherein said instructions
to deter rﬁor%orgﬁi d sanpl e 10squares for one of each said group conprise:

i nstructions tiastructions to quantfyrancimaurt of @skididisoede i saith paibtem amaof col or
differences of each identified one of said second plurality of pixels in
said region of interest, fix a distribution nodel over said histogram

15det ermige a Theprodbetaghotdiet 7o whersm shidlinstructintitogenedid said e¢aitaifurthen | ow
threshold from said distribution nodel, categorize an identified one
of said sEYHE®plurality of pixel in said region of interest as a |arge

col orqopdi f f er eniagtryptized t6 ecpase \said ammant of deit skinedisarder fin sald afeaswith
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regi on ofproblesr&reéd. as a nedi um col or difference pixel responsive to said
color difference of said identified one pixel being |l ess than said high
t hreshol d and greater than said | ow threshold, and

81. The product of claim 75 wherein said instruction to generate said results comprise:

15 instructions to align said image with a previous image on a display for a visual

comparison.

82. The product of claim 75 wherein said instructions to determine said reference
region comprise:
20 instructions to receive an input identifying an area of pixels of said image for use

as said reference region.

83. The product of claim 75 wherein said instructions to determine said reference
region comprise:
25 instructions to determine an area of said image having a consistent pixel color for

use as said reference region.

84. The product of claim 75 wherein said instructions to determine said region of
interest comprise:
30 instructions to receive an input of an area of pixels of said image to use as said

region of interest.

85. The product of claim 75 wherein said instructions to determine said region of

interest comprise:
35 instructions to determine said region of interest in said image as pixels identified
by between known features of said body part in said image.



categorize an identified one of said second plurality of pixels in said
regi on 250f interest as a small color difference pixel responsive to said
color difference of said identified one pixel being |l ess then said | ow
threshold. 89. The product of claim88 wherein said instructions to
determne a plurality of sanple squaressfor one of each said group
conprise: 30instructions to: determne a prinmary m ni num boundi ng box

i ncl udi ng8&l | Pphepioductrof skaird 7§mdiepsin said instructiorsdipither zomprigdol ogi cal

operator to di ' ry. of I d oup,. . netacEru of.
ngi ghbori ng rre’c'jj%‘r?ﬁﬁ?g% g? Q’%Hﬁ%%?ean%glogfbﬁﬁagﬁ Pﬁ g?éﬂp grsgﬁ’ﬁ’r"f‘@élp pﬁﬂeﬁi ﬁu?ﬂ'd
boundi ng teference reg@nuinntectedermining said naturalBlor. connect each group of
nei ghboring large color difference pixels in said primary bounding box into
a connected conponent, determ ne a secondary m ni nrum boundi ng box
for edch 8aid Emhr@duatobfclamaﬁwmereizﬁdmdmﬂmmmdcdthaabmpﬂ@%ondary m ni mum
boundi ng box ept | 1.t h L0 _prli bqundi X.. an . . return
each saigd secoﬁéc[g{aﬁk%ia%%ﬂmgggﬁénhdioﬁga@g%c(’%@e@ -aﬁ@dot}f@k%ta 8 §aiq é?%’or\‘/vioﬁhi n
sai d pri nateyestipibntordeberonindiggait ostordiffereace for sacitlofpdaid addony phiraliponpirels.
squares. 10 90. The product of claim88 wherein said instructions to _
determ ne plurality of sanple squares for one of each said group conprise:
| nstructi&hs tbhe product of claim 75 wherein said instructions to determine said sample

10 squares for one of each said group comprise:

instructions to:

construct a color difference histogram of color differences of each
identified one of said second plurality of pixels in said region of interest,
| fix a distribution model over said histogram,

15 determine a high threshold from said distribution model,

determine a low threshold from said distribution model,

categorize an identified one of said second plurality of pixel in said region
of interest as a large color difference pixel responsive to said identified one pixel
of said color difference of said pixel being greater than said high threshold,

20 categorize an identified one of said second plurality of pixels in said region
of interest as a medium color difference pixel responsive to said color difference of
said identified one pixel being less than said high threshold and greater than said
low threshold, and

categorize an identified one of said second plurality of pixels in said region
25 of interest as a small color difference pixel responsive to said color difference of

said identified one pixel being less then said low threshold.

89. The product of claim 88 wherein said instructions to determine a plurality of
sample squares for one of each said group comprise:
30 instructions to:
determine a primary minimum bounding box including all pixels in said
group,
apply a morphological operator to dilate said boundary of said group,
connect each group of neighboring medium color difference pixels in said

35 primary minimum bounding box into a connected component,



1. determne a primary m ni nrum boundi ng box including all pixels in said

15gr oup,

2. arrange said pixels in said primry m ni num boundi ng box

into groupings of a plurality of squares include an equal number of said
pi xel s wherein said nunber is one of a plurality of predeterm ned sizes,
3. determine a ratio of pixels of intersgst in each square to a total nunber
of 20pixels in said plurality of sets of squares, 4.
det erm ne sai d one @fnneqi €aghl groapi dafynaighteqogiage halor ndifferegeee pixekt inr sid o,

5. determ ne
greater than,
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rafio is greater than said threshold, 7. renove

said pixels in's 10 one of said plurality of squares from ot her ones of
said @urality of sdplaemdse eagidsaid secondary minimum bounding bepentireig twithih shid -

3091. The prod

into a plural
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Sduares further conprise: instructions to:
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The product of claim 88 wherein said instructions to determine plurality of sample

squares for one of each said group comprise:

15

20

25

30 91,

Instructions to:

1. determine a primary minimum bounding box including all pixels in said
group,

2. arrange said pixels in said primary minimum bounding box into
groupings of a plurality of squares include an equal number of said pixels wherein
said number is one of a plurality of predetermined sizes,

3. determine a ratio of pixels of interest in each square to a total number of
pixels in said plurality of sets of squares,

4. determine said one of said plurality of squares having a greatest ratio,

5. determine whether said ratio of said one of said plurality of squares is
greater than, and

6. include said one of said plurality of squares in said plurality of sample
squares responsive to a determination said ratio is greater than said threshold,

7. remove said pixels in said one of said plurality of squares from other
ones of said plurality of squares, and

8. repeat steps 3-7.

The product of claim 90 wherein said instructions to divide said area into a

plurality of sample squares further comprise:

instructions to:

9. determine steps 2-8 have been performed for a plurality of squares for

each of a plurality of sizes, and

35

10. repeat steps 2-9 for another one of said piurality of sizes.



one anot her in said m nimum boundi ng box and overl appi ng ones of said
plurality of squares include an overl appi ng set of pixels. 593. The product
of claim90 wherein said pixels of interest are large color difference

pi xel s. 94. The product of claim90 wherein said pixels of interest are
medi um col or difference pixels. 10 954;,The product of claim 90 wherein
said pixels of interest are |arge and nedi um col or difference pixels. 96.
The prodwd2 ofThd priodudt of elaén @0wieseid siaidsrﬁllnruattm/icdilsquares efeaaséarigeddommeail&;e

15i nstructions extract. features from sai d ur.al i
squar es. dsganothé in°SHid Ahimy5 bbliading FBH S8 rAandBs ol SR BRI B T
of sarrpl esqugreariedudesamgvealappiag sef ofgixes. ocess. 2097. The product of claim 96
wherein said classifier process is a Bayesian classifier. 98. The product
of claim96 wherein said classifier process is a support vector machine.

5 93 The product of claim 20 wherein said pixels of interest are large color difference

pixels.

94, The product of claim 90 wherein said pixels of interest are medium color

difference pixels.

10
95. The product of claim 90 wherein said pixels of interest are large and medium color
difference pixels.
96.  The product of claim 75 wherein said instructions to classify comprise:

15 instructions to:

exiract features from each of said plurality of sample squares, and
classify said features of each of said plurality of sample squares using a
classifier process.

20 97. The product of claim 96 wherein said classifier process is a Bayesian classifier.

98. The product of claim 96 wherein said classifier process is a support vector machine.



