; rse3e_>\. 6T>?F)""EDCGE- PRESERVI NG ENHANCEMENT OF SEI SM C | MAGES BY NONLI NEAR
AIC]SOTRCFIC Dl FE The present invention relates to a nethod of

pr ocessi ng wmm exanple a seismc i mge, applying a diffusion
process. e known, see for-ekample the thesis fyuaggbggic

diffusion |n |nﬂgé“5 processing' by J Weickert, January 1996, pages
known ig..a gifbpshon EHE&MQEH@% §Qf§9{1tsﬁf§xGEB%ysk&ﬁﬁN§1R (ks ®Blodkni Ng an

n-di mengj;@padrohni tial 1 mage data set, wherein each el enment u(ne0) of the
data set is the 10 initial inage |ntenS|ty of a point of the inmage, and
wherein n=2 or n=3; (b) calculating for each point the partial derivatives
of u(m in n direthkopgekenabtiaivientider iredbites dat a sedthed dhe parti al
derivatives uxi; 15 (c) calculating for each point a symmetric nxn

structural mRY¥PXSEZLiiHe,Ei ATAE el Fs EquRA 1 IBES UKERId)

cal cul ating f@ﬁpf}a&ﬁ?pal atlf%s%@; PHrlolcesison st inedRodel el Neddig el faent s
did are a function o he el enents sp %@ 20 (e) calculating for each poi nt
&

u(mrl) from %LR%)exdTR§et heef shieswisng Fegaatirepic diffusion in image
u(m-1y= medf/&&%é@ﬂﬁgcesg)g @e@qc&%ktregs%' SRS g;%)egnt?fﬂu@hx (e) M

times to obtain the pr i mage. UAl éss of Herwi'sé ified, the
fol | owi ng holds:&mQWnough@uﬁlﬁﬁésspécmﬁtbaﬁl@ﬁaan@ommghﬂaa ke istepsp~ q =
1. ..., n = au~axi. An elenent of the inage data set is also referred

to as a point of the image. 30 In the known nethod an initial inmage is

processed to GﬂtaMWt$1m£mgsanenrdmges$1mhalenn1éaaﬂ image idetabtaitned -
The

2 - 11 July 2003 fromt evi o s e si_gn RrLoces

di f f usi on net %%Rl%ghﬂeg B el TBgd gy b Re “Gi*Ff §Sitort e %E&tlon ~

=di >2(D. OZr} inithesle iafegé Oﬂhtéypﬁﬁyoéfdhffau$h6nom3thed5.ma©te fanst 5 there
is the isotropic diffus'on-in_ghlch the diffusivity Dis a scalar and the
ani sotropi ¢ dirfFSIATH WhiR°D is a matrix. Then for each of these two

types, the didffjud0n e begl Eseagach npcy\ﬂh’@htlﬂblﬁaﬁeiaa Herethonvek arfor
the diffusion can be non linear in which Dis 10 function of u. ThIS

met hod can ad WEl I1hd £hpFFetleBsS pFoceRsihy A %F%ﬁ?Elvﬁaﬁé“alﬁeFﬁap case
the image int@RSidardisat " 2IPLtvde @&l;he seismc signal.

15 (c) calculating for each point a symmetric nxn structural
matrix S, wherein the elements spg equal uyp.uyqs
(d) calculating for each point an nxn diffusion matrix D,
wherein the elements diy are a function of the
elements Spqg’
20 (e) calculating for each point u(m+l) from u(m) using the
following equation u(m+l)=u(m)+div(Dgrad(u(m))); and
(f) repeating steps (b) through (e) M times to obtain the
processed image.
Unless otherwise specified, the following holds
25 throughout the specification and the claims:
i,j,p,g=1, .., n ;
ugi= Ou/oxj.
An element of the image data set is also referred to
as a point of the image.
30 In the known method an initial image is processed to

obtain successive images, wherein each image is obtained

TR R
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An advantage of the diffusion nethod is that noise is 15 suppressed. A
. further advantage, which is particularly relevant to processing a seismc
image is that after a few cycles the geological structure is highlighted
nore clearly. However, a problemw th thismethod is preservimggagaess 20
Edge preservation is of great interest in the interpretation of seismc

i mages, which ptay @fei ppeviant blee tyn ot e rtusdorofp rides Or opd
formations, and in particular in the stud{ of underground formations that
cont ai n hydr ocdrbonsionorebbed €REr é@si ¥ead lgPeatrdssmrahest 25 Ghe edge

preserving techni ques, which allogghighlighting of faults while renoving

noi se from t heiisefsdd &n dad@aten dip(Bsrehvation in conbination with
i sotropic diffusion processing is ¢roposed a method based on the

Perona- Mal i k modeln{see gﬂf £bgs! Fvgé&%kcm FusRAge tQ) A Ofy W Gh I he
di ffusion equation i1s (err) - div(g(lG ul2)~u), wherein the non-linear
di ffusivity i shere 3s Ithgdul yoR0OBic- digftsoah2)in=which el 2 / 7~2~ , the

scal ar ~, bei € 9 15_20 25 det ermined ed reseryvati on

ar anmet of . ApBiE AL Hrh R 6L & s RATET aftft LBR. £BLCHE TR recHOd Fhat
has proved t o ibe winicéf flecits ve mayrok. pTeser Ybngeedges fwhihkeeecapabltepefs,
renovi ng noi se.. My, er. Applicant ptoposes,such.a t hod that is ,
appl i cabl e to%&rﬁ 5{3%%&8&‘?% %nfl 2 hi s"elf lFHreTBm:;\Lt‘Sh515’4‘_'01"a 5RBEEL SN g
an i mage accokdi ng olro HHe dquEsedioh nyentbomennpihses thewsteps pofis(a)

obt ai bng an %-dLnensioqgl initial inmage data set, wherein each el enent
y(nroﬁ of the &atalaa;q the initial inmage intensity of a point of the

i mge, and wher ei ’hAS2 ¥t HEB;cdb)asaleul atd ngppDicgaEh PObBREskhggparti al

derivatives of u(m in n directions to obtain n derivative data séts of the
partial derivEErVBSCUXIMPEEe) dnlthatatGaRe (oS ebRMOPot RECASEFHMEEr LBSNXN
structural naghb§i§ud@h%Eewmérygfgﬁggngfhﬁgg_equal uxp, uxq

An advantage of the diffusion method is that noise is

15 suppressed. A.further advantage, which is particularly
relevant to processing a seismic image is that after a
few cycles the geological structure is highlighted more
clearly. However, a problem with this method is
preserving edges.

20 Edge preservation is of great interest in the
interpretation of seismic images, which play an important
role in the study of underground formations, and in
particular in the study of underground formations that
contain hydrocarbons. Moreover there is a great interest

25 in edge preserving techniques, which allow highlighting
of faults while removing noise from the seismic data.

For edge preservation in combination with isotropic
diffusion processing is proposed a method based on the
Perona-Malik model (see the thesis of Weickert, page 10)

ou
at

wherein the non-linear diffusivity is

30 of which the diffusion equation is = div(g([Vulz)Vu),



(d).calculating for each point an nxn diffusion matrix D, elenents spq; (e)
.calculating for each point u(mtl) fromu(m using the wherein the el enents
did are a function of the foll ow ng equat|§1n a (ml) =a(m +c . div (s.
Dgrad (u (m ) ) , wherein c is a predeterfrined constant, O<crljulp@003
wherein s is a scalar, 0<s<l1l, wherei n E is close to zero when near an edge

oD o5 O Lo LR DT et D) [EBETng St ()

preservation is introduced in ar~isotropic, non-linear diffusion. Suitably
step (c¢) corrpdi65e:sm¢aledjI%ﬁ@m@f@emmimr@n@‘ymtri c n ~n structural

precursor matrix ]g%%yg rnetl Oseésergergtmzl%ma %he HXPO ocﬁ?‘ﬂiél ng -

g - 11 July 2003 {( et’s rein elenen first
data set are m@imopethaltnmgs tpor ceesh fuoibE | an heef B2 eievd sway ¢he second data

t 012 and d filt h dat I
Conval Bt1 on vEERoG KBRS KT CFE AT (e el el b of the mn

structural naMbréoﬁerAlAppm@tamelpfo@to%rés(Cshc&pra)rméﬂsodIﬂﬁ@ﬂflm for each
point the partial derivatives uxi by convolution with a suitable kernel to

obt ai n regul afPReUCRRLEI &° PR IRGGLPRLCY 84 ff&i®%al cul ating far each point

a symmetric nxn stgUuchykaknll QHY SRk hBRL biFX pPGcadansl N h@naqjeerrents sOpq
equal urxp.urxq; creating gr'l/ 2)n(n+l) data Sets, wherein the el ements of

the first dataceerdiR@ 501thsemraissniginycaade: pcﬁcmprnts’rﬁes dihareiiepofof he
Secong pdata lpy ecsb@éfnﬁﬁaﬂ %n%-%ﬁm@ameﬂqlf 'ﬂnt %rl'a'lg @A dadhess data

sets by convolu ion wth a suitable kernel to obtaln the el errents spq of
the nxn strucviezgimaeachy edeneng &tﬁ@v@)d@&hh@ediadﬁ aatatiyghe or step

(c), wherein :‘?‘nf’{f’@rfﬂ&g@& ténsit%%%“hab?gag') 'o%"’stth%ef 'Hy(g%g) %Q{cf he edge

preservation paraneter a trace race race (S) )
In this vvawfuéleezedgre—ﬁregenvét,l on paraneter is cal culated for each point.

Th t t lLates_t
order to di splby Ryt ah e arbh PaRThar Arepar tLr: Lot BRI Ses
the st®ps of ‘1@) cnbianndingealnmndl gensboash hnderdlvatinge ddataa seets, afherein

each el enent data set isthe initial inmage intensity of a
point of the § dgr%ﬂi CHASRELRCRA=9%bf n=3;

(¢) calculating for each point a symmetric nxn structural
matrix S, wherein the elements spq equal uyp.uxq/
(d) calculating for each point an nxn diffusion matrix D,
20 wherein the elements djy are a function of the
elements spq;
(e) calculating for each point u(m+1l) from u(m) using the
following equation u(m+l)=u(m)+c.div(e.Dgrad(um))),
wherein ¢ is a predetermined constant, 0<c<l, and wherein
25 ¢ is a scalaxr, 0<e<l, wherein £ is close to zero when
near an edge and close to 1 when far away from an edge;
and
(f) repeating steps (b) through (e) M times to obtain the
processed image.
30 In this way edge preservation is introduced in
anisotropic, non-linear diffusion.
Suitably step (c¢) comprises calculating for each
point a symmetric nxn structural precursor matrix s0O,

wherein the elements sopq equal uyxp.uyxqi creating



(b). calculating for each point the partial derivatives of u(n) inn
directions to obtain n derivative data sets of the partial derivatives uxi %
(c) ‘calculating for each point a symmetric nxn structural 35 matrix SO,
wherein the elenents sOpq equal uxp.uxd;_ 411 July 2003 creatqgaly 2003
(1/?)n(n+l) data sets, wherein the elements of the first data set are sQi
pertaining to eaehnneinl, dhe empntmoie fhesecondndata éfttﬁt%]ef§9§@ and
so on; and filtering each of these data sets by convolution with a 5
suitabl e ker n@Rteosebt aire ©ila lePerdmiisyn o ¢arh moints Utharalemantsx S;
and (d) cal culat]i f.ar i E=t ( (S ts and
attributing thg nggcﬁlggtoggic\?zfﬁ%e@gft ér:eg%giééﬁréﬁl n%é ?éé‘?’o%%ﬁi n'%&lg%%% in
whi ch faults aaehl0fhitgklsieghkizéd. sAlttse yatdarstaduttivn nettiodk cfujrackssi ng an
i mage gonpris e f, ( oht.ai ni n n-di nensional _initial_jnmage
dat a sgt , v\/ne}(re?%féggagﬁ> g?’%%éﬁ)t %b{anpd)%h%flr{t%%%toaf ;Eg}e i hsetrl‘%cﬁl}ﬁ?jr al

i mge i ntensimytoixasSpoint of the inmage, and wherein n=2 or n=3; (L~)

calculating for e )oi nt _the rtigl  derivatives af u(m in n directions
to obtain n deri éf?@gnagf‘gegéft 5%89 3% E&F“ﬂ%sefeﬁx}é:ﬁ(r\}é? &ﬂr; eﬁfﬁ'( c)
filtering forpeach PRENpatbeapafbirakaderwati, e Wonts 16! Wit i th a
suitable kernel to obtain regularjzed partial derivatives _urxi % cal cul ati ng
for each poi YB3 hRekpreehxhOsPPGEEDr _élegﬁrléé&r'—’se& PRatiad SO, wherein tre
el emeng s sQpaeabad+ UHXR- HEXYY 2R1608athRG ELr2)htbhidat & SShSe RS €i n
the elements of the first data set are sOI1l Pertaini ng to each point, the
el enents of tHEN sEebREtdRRA BEECUFEOE0MAtaAd §J omheardrf itheering each of
these data s onyol ut | i L a guitab el t taif,t
el ement s quee%)%ser{?%ré@nx% Bo é??%%“tf‘dr éP'ﬁaf‘ﬁi'xlcgfeié?é)%%céllqggﬁe{?iﬂé P%rtaeach
poi Nt s=tracegSOS)whereinceliS4lemanbsSPY ahe ddwmsitbdeitag sete acs @l ed
val ue of ~t . point, to L. i e_i i.ch _fa S .ar
hi ghl i ght ed. iRt 5‘%’1|§/Q%8§81"ﬁ9f hgﬁgaﬁgg%ﬁer"fgngéﬁﬁ somd,gata
Di ffusi on Filsear iame Y17 adckeron; | andr fialtenahgleachabfot hEsrpulzema

S

Vi sion vol 31(2/3)... page 11:127,.(1999), . Lfications, of the.nethaod
enovn 11 om L REE e e aTioras bkt L ars TP e B8 I shPa i T ses
a method for edrheoing cohef etice nanistgesturtb mbewiki ke structures. This
nmethod is not a t hod TOor preservi n\%ﬁdgesé and ng gar net er correspondi ng
to the paraneter SRINE FREHLTAVENEFORPFLVEPstPBsBHEP16%The present

invention w hihgt@yrbes dessshbeask byatveyx of sexarpliat8dnelLgodet ablEsniMg first
the equations for a two-dinensional imge are discussed, then for a three

di nerdi onal ThREgEER RIRITEI O RRFHRET 8 BADOALHEHES. In two

di mensi ons, the_LoLtic@la,i set npr i ] I n or

poi nt s) u(ntg),@r\%i\/%%r(gi r?)t/@gc\%é:%ﬁ(tesa)o)f'%gfi% e e)@nﬁ}ﬁgb#ji%?%i% g%mage

i ntensity of paepanvtatdfort hee rameges r aigl evkbcel at&ll dod &2chreoihe.nunber of
points in the twg di rections x di nensi on nage. The

| and x2 of the - | i
word pixel is us &et(?rreesfeé} tl(gwfdlq;sjuocrh agl%%i%?iﬁe%m%od?n%ﬁél%ﬂs? and in
t hree di nenspepeesstimgy @oi ntmace dal |@etiear voxetlisplay the edge
25 preservation parameter. This method comprises the steps
of

(a) obtaining an n-~dimensional initial image data set,

-

wherein each element u(m=0) of the data set is the
initial image intensity of a point of the image, and

30 wherein n=2 or n=3;
(b) calculating for each point the partial derivatives of
u{m) in n directions to obtain n derivative data sets of
the partial derivatives uy4s
(c) calculating for each point a symmetric nxn structural

35 matrix SO, wherein the elements sopq equal uyxp.Uxqg;



The. next step conprises calculating the partial derivatives of all points
~u(m inn directions to obtain n derivative data sets of the partial
derivatives uxi 25 The first data set conprises klxk2 values of uxl
(=7u/ 8x1) and the second data set conprises klxk2 val ues of YA 2) iy 200X 2) -

Then for each 0| nt, a Sy xn,structural matrix S is calcul ated
wherein the ef ﬁ@ﬁﬂ§gsﬁqqm§ n#ﬂ%aqﬁ&f S TheVREFetR uFAF FREPERTS PE in

two di mensi onghexlribstl datlanes txd-aield Zﬂ\éﬁtgﬂ@ihéyotfoe@&BhpﬁbﬂHtantﬂén
diffusion matrix D is cal cul at ed, wherel n the elene d;~ are a function

of - ~ - 11°38MenBE09L AbeeSERMS WHR SR AR t%n%paoa@@ aahgncti on

of the part'aklﬁ%é&y%l ¥aSHHE %@f&é&%at@eg% r;%&ﬂﬁ@%ﬁ'mtkhs

~elenents u(nF0) is Erocessed in Msteps taim a processed i nage 5
conpri8ing el endhiebla( kempeluter @bﬁad-fft drhealeminegs the i nf egee nxis

increased with,1 c@ﬂ?a"i'fﬁ'étr‘i@:' ues JWgmtl) of each image are obtained from
t he val ues u(n% P previous “i'mage by solving a diffusion type equation:

a (ml) =a (ﬂdﬁccaﬂtl\z{lé§+n@9ﬁ@@ edchmpdint c=thacayabey of tinmes the 10
i mage is processed, ég/bél s a predetermned value. In order to renbve noi se,

Mis SU|tany(¥ﬁa€ﬁ ngéaéﬁ ﬁrdnﬁzdt@t¢rkﬁﬂihmmeﬁha1QﬁkﬁQIQmE@h%@é@Q t he

i mge has to be sinplifi.ed hﬂls su n the range to 20. In
this equation ]‘g trEDaeach%()‘je‘fJermFl%dO g %aﬁp nggﬁ<&8 o ﬁg‘ E‘m@tﬁ st ar,
O<E<1Li0 wher elmlghlﬁgm@@e to zero when near an edge and close to 1 when far
away from an edge,_  The scal a n be nder stood to he a fault

hi ghl i ght er. In thwteFHehsY S ¥' edW9t =) ﬁa&&&FFSSlgc %9(¥R%H?u~'l +

di 2ux2) ) | =dmpXisd& theeecdpBepsi ons, the inmge data set conprises
kl xk2xk3 image intensities u(m. The first _derivative data set conprises

kI xk2xk3 val ued) dtbtadniegubxiy infRsS3888Ad 1Al adt FveIgariateetslonpri ses
I xk2xk3 val unseols 2% 4 &refUnBXxalm-0and <t Aot liakd detl valivyg data set

conpri ses Kl ues 0 (=aul ax3) nxn uxl - uxl ~ux2 uxl-ux3
structural neitnitdas | Frag. ualeuiQUXZOﬁxa Qw3nux@£ukmeux®a@xﬂ W3 ux3 In

three di rren5|‘§nT§ - Y agd(u)) ~ ~X (s(diluxl + di2ux2 + di3ux3) )i
= i - r:%bgg 4 {Qﬁ above, the diffusion matrix is not cal cul ated
di rect ly f romh)he:alrm@eaunrru@némrlesch Howeuer thsuptabliglt Herdivieftusieon afmt ri x
IS CalCuIateQI&{fHQJIAté¥§%££§%§% to obtain n derivative data sets of

the partial derivatives uygji:s

20 (c) filtering for each point the partial derivatives uyj
by convolution with a suitable kernel to obtain
regularized partial derivatives ulyi; calculating for
each point a symmetric nxn structural precursor
matrix SO0, wherein the elements sOpq equal ufyp.ufyqg;

25 creating (1/2)n{n+l) data sets, wherein the elements of
the first data set are s0q7 pertaining to each point, the
elements of the second data set are sU015 and so on; and
filtering each of these data sets by convolution with a
suitable kernel to obtain the elements spgq of the nxn

30 structural matrix S;
(d) calculating for each point e=trace (S9s)/
(trace(80).trace(S)) and attributing the calculated value
of ¢ to each point to obtain an image in which faults are

highlighted.



Therefore the step of calculating the structural matrix 5 suitably
conprises calculating for each point a symmetric nxn structural precursor
matri x SO, wherein the elenents sOpqg equal uxp.uxq; creating (1/2)n(n+l)
data sets, wherein the elenments of the firgt_data set are sOifjggrdoasni ng
to each point, the elenents of the second data 10 set are s012 and so on;
and filtering eachnoththes@etat T Irire e oWl s h®MDWEERs AogUi t abl e ker nel

to obtain the_ge emants,sgq of the nxn structural matrix S. In an
alternative ehbobPFeRE, Ohe n¥FISHFGurl it o3 T30 R sTearpalaéd from

filtered part¢ghpgeeivetisyes +13 B (i ,e%%éé‘elpﬁiiiﬁl @fébw}ives uxi

are filtered for each point by convolution wth a suitable kernel to obtain

regul ari zed peREiBicabiPRat PFedher Methost lewum goiont whsyameverc nxn
structyiral  precuE SoheHBEREX130ahe 6l , Mhersd - S550pq
equal urxp.urxq. 20 %’hen thé (f/ 2) n(ﬁ?%)ﬁde?tja set s}'ﬂal:grlaeg (r}f?le%t:gggg\%\h%r ein the
el enents of trthodsfordaenhsariagecoberePeret dimiimpass edicth pblows1like

o oTen s of e seond. ok, Sel 8t 012 a0 Sq o nd hege, dalp et are

filtered by convol ut1on w a suitable Kerne _

spg of the nygugdd UcCAnd ahoNBhEbeBerSebtralspdritl RIS RIS S ¥AlhOPer ¢
paranmeter s is derived fromthe inmage data set by “cal culations. Applicant
had found tha&f tie RreceutalnprrEliPsol snaiisiclos®@dcan be used to estimate
the sgpl ar E, sui I =t | ((t rac ~)L.tr (- rein
trace(A) is the ijﬂéoﬁr%%%éai%‘ggﬁé e e%%?sgggkhgf d%%gl%%erc} %.&%}ﬁ ?‘Ei S
way s beconesxarniectiormofe téetpiisi ahtdéiireat thes eghat(imgns rfdthea t wo or

t hree directi.ons. '%Qeq LS. a.t i,gh t at,_.i.s
cal cul at ed flot(r%%egclh po%%ﬁ‘éfaiﬂé%g\]%??/ ﬁgggb%ﬁgdéca:hgg i%gorta%ohtth FSn the
absence cf adfiaginsiamhinghgeeneérthaasalfternalherpatiorc emfo fentd .

Suitably step (d)._c ri ses determning the_n_eigenvaluyes ~,i .and n

ei genvectors v; ())[ garwg% Cﬁjfm%rfﬁel%n%‘t r Ui u?ﬁftﬁﬁﬁr?@gges,aai:@r &g t he

ei gedal ues somphdises lerx2 (Stemdniaand (el pukat sngufiRE0gachvheaiditn athd xn
“diffusion matrix D, _wherein the el enents dga,equal v2p.v2q (wherein v2 is
the ei genvecf’é#uﬁeroﬁaierﬁcﬁb SIERHLE St T 5P et GLhv At udmPrEeniM-egs Wiherd n

the el enentsadpeih@ egualhes 2pnagdil Va3 idtle f008T RE Na¥d #0d a¥3 ahe the
ei genvectcrs pertaining to the smallest eigenvalues if n=3). The synbols
vip and viq BERBEE CRe B UH Sand® it BIen@hfeoFiPRe dilgBRdedroPivitheas a

result the etgenveskelsiRerdiaiidatk t oridie,dAd geske i genyakue tdoes Rt kb
contribute to the diffusion matrix, and the eigenvector(s) pertaining to
the 4fal |l er 81§Bn2aPRerS) ido EhtHMRRBLOMh 2EdhiDi t_raef fisppsiensrhe

i mage .l um napge LBihke ;di reahiRN pfvd:he ei genvector pertaining to the
| ar gest ei genval ue, which |atter eigenvector is 20 directed perpendicul ar
to the reflecti oRheTReXSuiStEP €Hmides calkekaeing okheéopapasalfiltering,

such a kernel ] g ri ARV er re. iLab IS
t he Gaussi an&igﬁggy%gwbgt %’1;'_'>8)?ﬁvr\}%t:scﬁ_1 @s{) gillr},/\gﬁ CEJSII%A%%H#’%?I %gm ﬁgrtggtlﬂ)ati on:
The 25 Gausshatiekievathvies dased s&fsa oda(bhle p2dni 21 | dexpvatitved (2a )

convg% ution f@gkfi%%glrﬁial@laxrsie% t g\g%%sslietc#eg%}gz& t\%el&%]téf 8f t he

convo utio_n rras_k a S the nofm and n'Ts ¥he di mensi on.
The inventiop=@itdx,) and the second data set comprises kixks values

of uyp (=0u/dx»7).
Then for each point a symmetric nxn structural matrix
S is calculated, wherein the elements spg equal uyp.uxqg-
30 The structural matrix S is in two dimensions
[le-uxl lJxl-‘-lx2)
Ux2-Uxl Ux2-Ux2
Then for each point an nxn diffusion matrix D is

calculated, wherein the elements dj4 are a function of



30 with reference to the Figure 1 shows the Figure 2 shows the present

i nvention with now be described by way of exanpl e acconpanyi ng draw ngs,
wherein.original imge; imge treated according to the three anisotropic
di ffusi on steps; - 10 - 11 July 2003 Figure 3 shows the i npggulyraygaed
according to the present invention with ten anisotropic diffusion steps:

Fi gure 9 showd:et [fe eMeage tSmat st holt k¥Rt PigSpg £he préseatipnvedtion
with three anksotr.qpi;c qdi St Oy 5 w no edge preservation, s=1;
Figure 5 sho&gl%t Iﬁ’g(}?r%;?&e %%lgtﬁ%i%%%ﬁo%? Ejgx?b the present invention
with ten ani sotr@pen dihef dsizoe steps:dirng nthedgkeperservan+oh, 1E=1; Figure
5 shows the inage tre t.ed[\pot. igcogé:li to the 10 invecgtion with isotropic

tT oh

di f f usi on wi PASGE °&& elﬁlr eset Ve i gaujrne % RHoWE T h i‘%%% treated not
accor 8i ng tocbherisient eQrmndrtts SOi0pi otk fdirsi ofit it t haedget ppesrevat i on

according to,Perona-Ml ik wth ~=10; .and _15 Figure 8 shows the, i e of
Figure 1 treaf&8§98% E‘Sltsolﬁ)icgt}ﬂaisgq'é) "‘f‘ﬁé‘ f]HuI{%eg%ﬁeszé? e%%ﬁ?% ‘rlr%g??oo i gure
1, which showschhematiegeral dutagered Fa dnirage: i 1h28s ph k&) Sfbym 128 pi xels

having a value ir: the range fromO to 255. The picture 20 shows reflectors
1, 2, 3, 9 aRd°BigHd £HAPEs P SoVingp a HATHRIOE T¥RG ¢HEa ShRR’ of

clarity, not | 4 refl s been referred to wt
ref erence nu‘ﬁg}}‘g 5 i(glztrq'gs'éi’%g%dbggéﬁggﬂﬁxz)ér?gienau%}br?argecjft?rte"é%egsd%
accorgi ng toikbgepissppbeesyed,i 0. ilhe pueuetwmlitanselihad beeswrder
calculated as follows, at first for u%gcg oi.,nt  the Ipartlal derivatives uxi
were fil tergH°b§eE8ﬁ9oﬁiﬁ%?8n i tF &UEEGSY: aﬁnk&thﬁ"el ac“@%tﬂfaifﬁ‘?r% %R i zed
partial deriyatiygswHexi Ymt BeRiftQloneaek re@ionttha SYEMERL HLs v B structural
precursor matrix_SO was cal cul ated, wherein the el enents sCpgq equal

urxp. urxq; cFEBR}hELed/ 2§4n€-ﬁ+_’f)1_i&§§3&3’séf‘s?h\%h_§laé‘igr? tHe T@hentt® 0t he
first data set afg €Rid @@ﬁh@aehr)gct@seac?r_@%r&te,rn{i%oelc%mta%@,f the
second data set are s012 and so on. To obtain the el enments snq - 11 - 11
Jul 12003 of 0¢dhel nxangt g uct ur abcaberi X0 EEachivdreimse datalset ste s
filtered by convolution with a gaussign Eernel. [,n ?rder to get Figure 2,
three ani sojt‘r%?cw}a‘?zﬁflﬁg?)énagtg §e\8PE SpRPFed® ’iLhé”1@8115;1(-1'{:'5‘3ral‘3 ar?ﬁd‘iet% ear er
whilst 5 noise l3.& eopiceds Rl gUre 3a5hous,dqsrpobBar +Bi pkULesaphth | ess
noi se, obtained with the method according to thé present invention after
ten ani sotrdpighliditusron steps.

In two dimensions,

0
—— (eldjjuxy + dizux2))-

20 div{e.Dgrad(u)) = .
1 aXl

i

1 ™Mo

In three dimensions, the image data set comprises
kixkoxk3 image intensities u(m). The first derivative
data set comprises kjxkoxkz values of uyxj (=0u/dxq), the
second derivative data set comprises kixkpxks values of

25 Uy (=0u/f0x2), and the third derivative data set

comprises kjxkpxk3 values of uyx3 (=0u/dx3). The nxn

Uxl-Uxl Uxl-Ux2 Ux1-Ux3
structural matrix S is juygp.iy] Ux2.-Ux2 Ux2.Ux3

Ux3.Ux] Ux3-Ux2 Ux3.Ux3
In three dimensions,

30
L g—f(edijuxy + diguxz + dizux3)).
i=1%%

div {e.Dgrad(u))



In.order to show the inprovenent obtained with the 10 nmethod according to

. the present invention, reference is nmade to Figures 4-7, which have been
obtai ned with known methods. Figure 4 shows the inage treated not according
to the present invention with three anisetgopic diffusion stepgypizopsno
edge preservation, in which s=1. 15 Figure 5 shows the inage treated not
according to the gmesédre dbovent i ome wiihftenoannsorigpie dbtf azilenlateps

wi th no edge pr.eservation, s=1. Figure. G shows.the j.mage treated not
according to {éﬁgeicﬁéé’ntﬁprodﬁ“ with Jrrg%ﬁ onE’GEeHF\#\%b§FOnhWEN86t’ éb‘ééaggy
preservat i on%taed dFifFuisE oh Shossit his | dapeul seatiedront raceerdingatea.t he
invention with_ isotropic diffusion wth edgg%greservation according . to

Per ona- Mal i k WPERSFEOIE0 S GheP 5 HRkC%h e bt SFRBELEEBM PREGES 1
processed to Bhghkbalt ddifild sailhe Aeihedrof 2BcRr 9688l BOsLhReLage

conprised calculating for "each point of the original inmage (Figure 1) the
partial- deri vBERVESISFCtWERL iRFarW SR Maonsls oS obt@herdidetheati ve data

sets of the p j erdgvat i uxj,; filteri each, poiNt4t h rtial
derivatives u%éﬁshggn\%lp& o ﬂi’*’pa L%Oq'suﬁ]%ab?{%{?ke?%& PI?I(()HOM alg?leg
regul ari zed paetfal wHeridat ithes alrevievtcal il the i for dach petnara sOq7
symmetric n:~n L ural. _pr r sqr. trj.x SO, i n-the el ements.sOpq
equal ur,;p.u??ggéggﬁggt%ﬁge%%#ifheﬁgg)#ﬁ%e§i§§%5¥%aé§eﬁﬁﬁ ?%%Ogée%%n s of
the .1Drst dasatsersas8;s0khd35opentaiamdng iltedaty paiat ,of hehetensdats of

t he second data__ 11 dul 003 - 12 .r sO ., and so or., .and filfering each
of these dat a°95% BY eS4TVROMIGRT: Moot A Al i e I il 5Lt oF ot no
set s by nts siefehhe §FE Btr Hhkuhan FRifiiot Gallhedt=eat rs el eme pg each

has at 111 but ed. tolbath, & CEPAF 4PN PRGBGSR TR T ARSI

hi ghli ghted peitritosobs th1bliagked frok3 £iGtlerd PMrikh HH34i2O0Bvds.
Met hod_of processing an |nage conpri sing the steps of (a) obIalnlqg an
n- di mehsi onal TS nfhi @l ehfagbhaaParséel ARt 1dseh Yaliedit difrenedfiehe

\?\E;?e?ﬁt n'zz g{‘é‘cnﬂzg%éiﬁ% byRgEniBEL8RELRY wek nA AP QAL 281 h& diBg&, and 5
obtain regularized partial derivatives ufy;. For each
point a symmetric nxn structural precursor matrix 30 is
calculated, wherein the elements sopq equal urxp.urxq.

20 Then the (1/2)n{(n+l) data sets are created, wherein the
elements of the first data set are 5011 pertaining to
each point, the elements of the second data set are 3012
and so on. And these data sets are filtered by
convolution with a suitable kernel to obtain the

25 elements spg of the nxn structural matrix s.

Suitably the edge preservation parameter € is derived

from the image data set by calculations. Applicant had

found that the structural precursor matrix SO can be used
to estimate the scalar g, suitably

30 g=trace (S08)/ (trace (s9) .trace (S)), wherein trace(A) is
the sum of the diagonal elements ayx of the matrix A. In
this way € becomes a function of the partial derivatives

of u(m} in the two or three directions. And the scalar s

is a fault highlighter that is calculated for each point.



(b). calculating for each point the partial derivatives of u(n) inn

. dyrections to obtain n derivative data sets of the partial derivatives uxi %
(c) calculating for each point a symmetric nxn structural 10 matrix S,
wherein the el ements spq equal uxp.uxq; (d <al culating for a3cjulp2008 an
nxn dlfoSIOI’] ITB.tI’IX D, wherein the elenents did are_a function of the

el enents spq; The (§§2&aFcuBafPag s ér idadhSehnennmal & riguli ndisiue t he

15 fol | owi ng &ﬁymentﬁdwl)matﬁm ptféstélnv:e( of Rorady (m ) ) , wherein c
is a predetermned constant, 0O<c<l, wherein Eis a scalar, 0<1, wherein

s is close to zerduwhahlpeatean ddg@oalprés@sw@tteamnm thar raway from an
edge; and 20 atln steps (b), throu rrestoo ain the
processed |naé_;%27€zﬁv RES @haﬁgaﬁlcﬁr’“@l‘eﬁé’ef:gofl Vm f’ Wseiot g&”@p (c)
conprises cal&@i@éwgai%aeameeosnt sBreY MR kHeC JVYRrSfd1elUrsR] gHRCcuUr sor
matrix SO, wherein the elenents sQoq 25 equal uxp.uxq; creating (1/2)n(n+1)

data sets, V\Helrx?vn 3he) eduedeoakcoiathmgf Fost edahapsentaea 8@hl Pert ai ni ng
to each poi n e el emen t he secondaﬁata set %re 012 and so on; and

filtering eachDFiTHRR ™Y Fé"sgt s"B§TESRVERGt FORTRT Speuffltiie kernel to

obtain the 3&% a@{é}t SwhPfe®h theiBx@hst éugbnm@lctras&t lpe);(:tilnlnl_;yl tdulh 2003
3. The nmet hod dccor to claimi, wherein step (c) conprises filtering

for each poi rﬁmacllﬁleesr)%r?lr%?n}ﬂ%ﬂ-i‘9a%fv852?JxPrthEGﬁ\}BI Gpieoﬁl\%“ﬁﬁté Slpict abl e

kernelg to obtajyn ¥ |a‘HZ$€| a{r%' a'(wH@EéYﬁ“v eankl v ar@akpul ating 5 for
each point a syrmet R n%h strucrira precurs matrirx SO, wherein the

el ement s s@@laﬁme@?%s uptiqtaéma@gl hg '61173Zfﬁéﬂil??tdétﬂ-ﬁe@ﬁﬁéue\ﬁhéﬁm n the
el ements of thefirsgle ﬁ@%éfé fre é%(l)lger&éheheguhgaﬁg‘ih ng“h’-

ei ernents of the 'secon a set*Bre’s 9and 'so on Il teri ng each
of these dat@J@@tesfdaym%drh'@l@w@mthh”avsulAabﬁelﬁéﬂhél the obtain the

el enments spq _qf nxn e.k C LN o]
claim?2 or Seq\%ng{q]gel n s= ﬁ?%ﬂg&%—%”ﬁ& %%cfléa?%%%g Fﬁ&ﬂ@?g?& 859%5951-_ Th
met ha® accor d:omg:ramme:@ftmélednfﬁmsrsorl -matwher eandsthp (d) corrprl ses
determ ning the r. eigen ues_7/~i_and n el genye e nxn
structural ﬁe@é’se gs;e‘)tl%%rE%JenJen%e%?/a? ues 8 %Egﬁat ~9§§Y.§gﬁ ig 3%igand
cal cul ati ng fc@lhte:a(tﬂhm Mh g in(tm}ﬁliﬁu@if)ﬂufmml ¥fDrh@0imbkeeei n t he

el ements dpqg.equal v2p.v2q (if or wh n the el enents dpg_equal

Vo v St e AR e e St Ry b gRSERABIL BPNg t he
steps of (a) tebtaienilng Ws-¢H ferksd D) Wit dh al at fegeedaé@veetor2bswherein
each eI enment y(m=0Q) of the data set is the mﬁlal i mge intensity of a

poi n€%f the Fﬁ&&@e%WW%}Wﬁ o TS rebyechi bt ating for each point

the partial derivatl S tafb 1 MerddeN fH rLotd HNs1 t HoObi &l Npds gleri vative data
sets of 30 the_partial derivatives uxi% (c) calculating for each point a

symetric nxhietrEdtiFralSUrdt rd xX<IH S et e ATt £F ettt BOSEptYqual up. ug;

creating (1/2)BeRwberdat & sfisiapienedrhdihe £lementsuodiinecdtnst data set
are s011 pertaining to each poi nt, t he

width ©>0, which is given by the following equation: The

2
1 — Jlx
25 Gaussian kernel is used as a Kg(x) = 3T exp(-——’ll'l—J

(2na? ) 2G

convolution mask, wherein X is the position of the centre
of the conveolution mask and ”” is the Euclidean norm, and

n is the dimension.
The invention will now be described by way of example
30 with reference to the accompanying drawings, wherein
Figure 1 shows the original image;
Figure 2 shows the image treated according to the

present invention with three anisotropic diffusion steps;



35 elenments of the second data set are s012 and so on; and 11 July 2003 -
15 filtering each of these data sees by convolution raith a suitable
kernel to obtain the e enents s~ ,gq of the n:~n structural matri:t S; and
(d) calculating for each point s=trace(SOgpy/ 5 (trace(SO .traeg(i)2003nd
attributing the calcul ated value of s to each point to obtain an inmage in

which faul'ts are highkeglat ethowd. themiihod ofr M OESSSE NG &fhd MBYSKONPI i sing
the steps r~ f 10 (a) obtaining an n-dinensjonal initial inage data set,

wher ei n each RYeRBRE &PVEOL 16N WHEDa&ER SaiFtForic Mifiwsiomegeeps?
~.ntensity o~ a pohupk 2f shBGs FRECimdlged Sl Eld JBt2 ﬁc&:c,ai;ngf Bo the

cal culatir_g for each point the partial "derivatives of 15 u(m) in n
directions t ®obsenrh hnyenitian vétdatirsst rufsatweompiar tdiaf fwkran atiaes
u.Ii@@%c) filteri:ig far each gqint,the ggr[ial derivatives uxi by

convoltti on WH *SuPEEH BEREFRERTEE 0bEARA regul ari zed parti al
derivatives urti %caheyl 8t sRgyE0ENR20i8aGR RO LR IHARIIdE AT to the
structu~-al precursor matrix SO, wherein the elenents sOpqg equal ur~p.urxaq;
creating (1/ DERTSY Havansaes, whhbr Epn BRd sOltammits BfRusdon sfeRfat a set
are s011 Pertahﬂgﬁﬁjtqjegch Eoin% th% e%g ents of the second data set are
s~ ~ and so oM i SR 2 Fﬁﬁ 35&3 6f “thése data sets by convol ution
with a suitable kerfietete ohbwsnthbeirhgaentsatRa bl he DR il ¢t Wi
matrix S; and (d) calculating for each goint_Eztrace(SCS)/
(tradd(S~) .t racErHICANEL BEt £ FRLEPRYCt AL EHFdRRatddNPRTUEIS of E to each
point to obta ) dd@uentn which faults are highlighted. . AF . AFY. A3L. AY. A
s. AlY. AhY. A3I'32. A. 9. AHF. A 9. A9/ . AL. . AHO. AYLS, _

<67@\k! #$} xsni d_Ziealna] tajkayealea] Hadea] tapespdanes] eareapéapcipcdfea] ca]

calJcalca]ca - c g?igﬁg a I & : . :
KL%eULMx{vq}gb gg%%gﬁkgf%af%a C cg]%g?%g%%gfcgfgg]ggfgafégfggfggfég]ca]c
a] caV] ca] ca] ealealcalsatd crd £al £Red Tak cal €n! RELLDORRNE! " ;

p} xsni_d_Z] ] ca] ca]ca] ca] ca] ca] ca] ca] ca]ca] ca ca]ca]calca]ca%ca]ca]ca]ca]ca]c
a]caPéa]ca]ca]ca%&éF@éid%]%%ﬂ%%ﬂ?ﬁﬁJﬁﬂage of Flgure 1 treated so as to

Zk[ agnP6MY' " 11 28 wioHib ]l £ af sl £a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
ca] ca] ca]ca] caJca] ca] ca] ca] ca] ca ca]cqlpa]ca]ca]ca!?$((L),:-T-V—W—R.././[y

-

(yq///#0[0E22666F¢ngence is made to Figure 1, which shows the
L zupk [Uehahoahoralanl coealsalqaul ool so) pakeakoahoabeapeabel cal ohal ¢

a)J ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca]ca] ca!
p<<====(>?5DBRKKRE~EL MAVTIVRROSSIUF-ares s/ Vi )2 upkt a\ WP Pealba] pafearea] ca] cal

Spiemeagigl e dga e mpE s
] ca] ca] ca] cal dabhdaléa] daldjive" aaded caf calxnl tr] cadptad} taredleafeapcal cal ca
S Y71 1 oa 0B PR GRS P TR (7O VB Sl oPRT T3 100k (-
"109%& () - YI HRYRFTRLYA0YE ()- % G YA0%& () - %

10%. ()- 1 Ki 9409 SRCT 5 1 oD O, S SO (I 58 1UROE (T2

25 according to the present invention. The structural tensor
had been calculated as follows, at first for each point
the partial derivatives uyxj were filtered by convolution
with a Gaussian kernel to obtain regularized partial
derivatives ufyi; then for each point a symmetric nxn

30 structural precursor matrix SO was calculated, wherein
the elements sopq equal ufyp.utxgs creating (1/2)n(n+1)
data sets, wherein the elements of the first data set are
s011 pertaining to each point, the elements of the second

data set are solg and so on. To obtain the elements spq



aBNC8! 10910%&' ()-Ls 109& ()-f!+ @10%& ()-y 10%& ()-L 10%& ()-zY10%& ()-
DSet xVANCS! FSHMIA0Y& () - y! WFSHMA09CNCE () - y! FSHNIA0YES& () -y
FSHMA0% & ()-y' ! 9409 ()-!; 940%H& () - DFUSA@

S100& ()-1" 109 ()-S$3, 10% ()- 910% (- 110HH 10HH 10HH 44 guly 2003
FSHMA0%HHE () - yFI LORU dEUSA@ s10& 109 () -3Y4 109 ()-F, 10%& ()- Y.

109 () - 109%&’ Of- the0w’n( prylchhradSm@hy itk ¢3cls ahv@hdds "ds@ §3ts Xis

109%: ()- 10% % % 00 T
109 8 S 10(%%%?15%0% %825%;%%?‘& € Q@0 ker B2 Q-
10! | F710%: () - 3! DB4Z4086k Yoy 261098 5( )y =3 2@ wpr&e( Pn BN Ye @i 2fusion

10% & () - YZ[nP '>4 10 F394.09 E3%4,0% 394.00 (
10%08: () - YL0VEEP ’i% iﬂﬁf%ﬁés 5%1 L0 &0 n TP URLE Wriase
| { 38#1DUxx & (1)61@&#319%:5&@&61' {F394.0%& ()-! F3%L0%& ()-! F3940%&: ()-! F3%0%00
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%40%66& () - +'éb8§£ﬂ@&8wiﬁh+fhé$ﬂ99ﬁbﬁ)accordlng to the present
invention after ten anisotropic diffusion steps.
In order to show the improvement obtained with the
10 method according to the present invention, reference is
made to Figures 4-7, which have been obtained with known
methods. Figure 4 shows the image treated not according

to the present invention with three anisotropic diffusion

steps with no edge preservation, in which e=1.
15 Figure 5 shows the image treated not according to the

present invention with ten anisotropic diffusion steps

with no edge preservation, e=1.
Figure 6 shows the image treated not according to the
invention with isotropic diffusion without edge
20 preservation; and Figure 7 shows the image treated not

according to the invention with isotropic diffusion with

edge preservation according to Perona-Malik with A=10.
Figure 8 shows an image-obtained from Figure 1

processed to highlight the faults. The method of

25 processing the image comprised calculating for each point
of the original image (Figure 1) the partial derivatives
of u(m) in n directions to obtain n derivative data sets
of the partial derivatives uyi; filtering for each point
the partial derivatives ugj by convolution with a

30 suitable kernel to obtain regularized partial
derivatives ufy4i; calculating for each point a symmetric
nxn structural precursor matrix sO0, wherein the
elements s0pg equal ufyy.ufyqgi creating (1/2)n(n+l) data
sets, wherein the elements of the first data set are s0qq

35 pertaining to each point, the elements of the second data



|, s$10% (& ()- 1000
UH0% (& ()-+ A0 1000@! " " wX694 %4 09 ,
- vR0vR(n( ! AOBEBEE ()-) | D 105 U SHONLLE () m g oy
Lon(n( 1on(n($ e O wspg PR Q-3 19E Tow ()-3 ;ﬁa%r P4 10!

) %k ()-)!], %09 N 0 - - i s o - 10
AR e g
S$10% } & ()ﬁ\.‘ }re %4 09BFENE) SP o&doﬁnﬁg‘;‘@(@iﬁ;@@mq@ _oé M—?el%é A% PnP& () -
S$1O%BGBG&SGFS!§M16Q@6glﬁfion525§h a suitgblg’ké?@%l‘ﬁoV%EH#ﬁﬂJthe

3 %40%g&. . ()¢ . .
e Wﬁ%&%t@ﬁ/&wlﬁ -0 BOADUE3R ()-@-w-P

... ZX9N4 %I @ EL0

1 . f— t

each point &=t e s H 0 Lde (3 /.(y/w:rﬁ/qﬁ&%)#%[»gérg'll ]
ttributed to eaéh

and the value of ¢ W
n which fau

5 calculated, as a
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in black.
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. Method of processing an image comprising the steps of
(a) obtaining an n-dimensional initial image data set,
wherein eacn element u(m=0) of the data set is the
initial image intensity of a point of the image, and
5 wherein n=2 or n=3;
(b) calculating for each point the partial derivatives of
u(m) in n directions to obtain n derivative data sets of
the partial derivatives ugy;
(c) calculating for each point a symmetric nxn structural
10 matrix S, wherein the elements spq equal Uxp-Uxg?
(d) calculating for each point an nxn diffusion matrix D,
wherein the elements dij are a function of the
elements Spq’
(e) calculating for each point u(m+l) from u{m) using the
15 following equation u(m+l)=u(m)+c.div(e.Dgrad(u(m))),
wherein ¢ is a predetermined constant, 0<c<1l, and wherein

¢ is a scalar, 0<e<1l, wherein g€ is close to zero when
near an edge and close to 1 when far away from an edge;
and

20 (f) repeating steps (b) through (e) M times to obtain the
processed image.
2. The method according to claim 1, wherein step (c¢)
comprises calculating for each point a symmetric nxn
structural precursor matrix SO, wherein the elements sopq

25 equal uyp.uUxqgs creating (1/2)n(n+l) data sets, wherein
the elements of the first data set are soll pertaining to
each point, the elements of the second data set are 5012
and so on; and filtering each of these data sets by
convolution with a suitable kernel to obtain the

30 elements Spg of the nxn structural matrix S.
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creating (1/2)n(n+l) data sets, wherein the elements of

the first data set are sY;; pertaining to each point, the
elements of the second data set are 8012 and so on; and

10 filtering each of thess data sets by convolution with a
suitable kernel to obtain the elements Spg ©f the nxn
Structural matrix S.

4. The method according to claim 2 or 3, wherein
g=trace (50S) /(trace(s0).trace(s)).

15 5. The method according any one of the claims 1-4,
wherein step (d) comprises determining the.n eigenvélues

Ai and n eigenvectors vi of each of the nxn structural

matrices S; sorting the eigenvalues so that A1>As (>A3)
and calculating for each point an nxn diffusion matrix D,

20 wherein the elements dpg equal vpp.vag (if n=2) or
wherein the elements dpg equal v2p.V2g+V3p.V3g (if n=3).
6. A method of processing an image comprising the steps
of
(2) obtaining an n-dimensional initial image data set,

25 wherein each element u(m=0) of the data set is the
initial image intensity of a point of the image, and
wherein n=2 or n=3;

(b) calculating for each point the partial derivatives of
u{m) in n directions to obtain n derivative data sets of

30 the partial derivatives uyj:

(c) calculating for each point a symmetric nxn structural
matrix SO, wherein the elements sopq equal up.Uq/
creating (1/2)n(n+l) data sets, wherein the elements of
the first data set are soll pertaining to each point, the

35 elements of the second data set are 5012 and so on; and
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7. A method of processing an image comprising the steps
of

10 (a) obtaining an n-dimensional initial image data set,
wherein each element u(m=0) of the data set is the
initial image intensity of a point of the image, and
wherein n=2 or n=3; _
(b) calculating for each point the partizl derivatives of

15 | u(m) in n directions to obtain n derivative data sets of
the partial derivatives ugj:
(c) filtering for each point the partial derivatives uyg;
by convolution with a suitable kernel to obtzin
regularized partial derivatives ul.j; calculating for

20 each point a symmetric nxn structural precursor
matrix SO, wherein the elsments sopq equal ufyp.ubyq;
creating (1/2)n(n+l) data sets, wherein the elements of
the first data set are soll pertaining to each point, the

elements of the second data set are solg and so on; and

25 filtering each of these data sets by convolution with a
suitable kernel to obtain the elements qu'of the nxn
structural matrix S; and
(d) calculating for each point g=trace (5°s)/
(tcrace (SO) .trace(S)) and attributing the calculated value

30 of € to each point to obtain an image in which faults are

highlighted.



