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2 3 FIELD OF THE I NVENTION 4 The present invention relates to nmethods for

i mprovi ngvo hroent rast 5 between nei ghboring data in di gpCBICAXKI/0@S2 | Nages.

More particularly, the nethod 6 determ nes the actual contrast between

nei ghboring digital inmage data and 7 stretches each point's intensity to

the imge' s dynam “DISTORTIONFREE HAGE CONTRASTNENHAIEEMENT? BACKGROUND

OF THE INVENTION 11 An X-ray image is typically with standard X-ray

machi ngs using film 12 photography. In-these cases the resulting X-ray

image i's turned into a conputer 13 file by the use of digital scanning

technol,ogy. More recently, ther r 7 T hi nes that use a bank of

I ight~-§’ensi tive sensors for d igital 15 version of ‘the

X-ray image. The X-ray image is used as a nedical diagnostic 16 tool,

Wil e fhere are ot hetNg ereseatinveatier yelgiasciegsethodsder imprrovingdhegiontredt 17

particul ar CAT scans and MRI-s, X-ray images are still wdely used and 18

conpri $e theiweeparaighbaingsdaip in digjed Xaray infsigesi Vota paiticklarly, the metiiddue

because 19 they are conparatively inexpensive. The current invention

i mproves tdwterrmibesstallaetss @inivgst ayetivesgeseithboiied aligital 2imddee ddta grart, to

practical limts involved with X-ray imaging, it is 22 difficult to

provi de anq I hi i NN j Yokt B

B acent oa o oL HORRS RS (el R Byt RPN dstodtha

ti ssueg Iiijﬁg in,ééebone. Vari ations are denonstrated by changes in intensity.
. 1'hag

Each digita e
9
10 BACKGROUND OF THE INVENTION
11 An X-ray image is typiéally with standard X-ray machines using film

12  photography. In these cases the resulting X-ray image is turned into a computer
13 file by the use of digital scanning technology. More recently, there are X-ray
14 machines that use a bank of light-sensitive sensors for directly capturing a digital
15  version of the X-ray image. The X-ray image is used as a medical diagnostic
16  tool. While there are other rélated imagery processes that are superior, in
17  particular CAT scans and MRI-s, X-ray images are stiKH widely used and
18  comprise the majority of such images and this is very likely to continﬁe because
19 they are comparatively inexpensive. The current invention improves the

20 usefulness of X-ray images to doctors.

21 Due, in part, tb practical limits involved with X-ray imaging, it is
22 difficult fo provide an image which both defines variations in density wifhin
23  adjacent soft tissués like fung and variations within adjacent dense tissues like
24  bone. Variations are demonstrated by changes in intensity. Each digital image

25 is associated with a dynamic range. Once developed (for film) or digitally



25 is associated wth a dynam c range. Once devel oped (for filnm or
digitally WO 02/ 05206 PCT/ CA01/00982 1 rendered as a positive image, bright
i ntensitw@uozebé y depicted as white) areas of 2 dense neCT/€Aot/§qoBral |y
occupy the high end of the dynam c range and low 3 intensity (bl ack)
occupy the |l ower end of the dynam c range. Wile the imging 4 nmethods may
i ndeedcapbHiresildy & @o¥Rive AnbgdShrigiienteRtIBNAldusllP abpRESY S8 WhitePawstds ¢t | ons
are not readily detectable by the hunman eye. This situation is further 6
wor sened WeRAS | } t hi i @pa NSt i i i 0X
are 7gconvert8eg4dtﬁglr?gﬁt§g cf%gggsmgnhigﬁi %gﬁaéfeyjléjonra@%gﬁgiHtaggéd%g%pg\f In
ot her r riation wthin the bl ack areas.and varjy,ations.within the
white 3 eddrensly (BRoR e 8 i Sadic ik VAN R LYY= R iBADGS,
known for inproving the contrast in, 11 digital X-ray inmnges, the nost

wel | - kfiowrMEinodi BRY; §deh Paeiur%tst&ﬂ@hmagﬂorﬁz {0y 5eRSTHE BROUESN FUCeans
of -acconplishing contrast stretching are the subject 13 of several issued
pat ent §. MariEgens st a0t ccadilyuSipeinbliet DB [IB5 huBwe eye. Mihisksiatation. is fuslaek) , a
15 technique is provided for stretching inmage intensity in only a

parti cel arwarsencdfwhab filnt édnages,- traditibnally thaesliungnatedainofa dglehesk 2fer ay.
Maack refers to this as 17 dynam c range conpression. Maack | ocates | ow

frequency GRRBABENDdigitd8nfiRfe8rdHd 8B pRYLE! o7 Bl dighall AISpRYS RNGHAPRIJES, them
to the inmage for conpressing 19 |ow frequency conponents; thus |eaving the

e nder Bl AT, 6B o2 PR G Bl P PRClr oI hES O

the image i ntensities. roac 0 enhance nor e

i mge éntensi.ﬁy.%rea. i.ch has been selected 22 and is of inmediate

interedt tFANAHNGYIFHED: cian, with lLoss of data the other 23 areas.
10 Accordingly, methods are known for improving the contrast in

11 digital X-ray images, the most well-known of which is contrast stretching.
12 Various methods for means of accomplishing contrast stretching are the subject

13  of several issued patents.

14 For instance in US patent 5,357,549 to Maack et al. (Maack), a
15 technique is 'provided for stretching image intensity in only a particular area of
16 interest — such as the lung area of a chest X-ray. Maack refers to this as
17 dynamic range compression. Maack locates low frequency components,
18 determines equalization factors and applies them to the image for compressing
19 low frequency components; thus leaving the remainder of the dynamic range
20 available for higher frequency areas of the image intensities. This approach is
21 unable to enhance more than one image intensity area which has been selected
22 and is of immediate interest to the diagnostician, with loss of data the other

23 areés.



2 WD 02/ 05206 PCT/ CA01/00982 1 US patent 5,835,618 to Fang i nproves on
Maack using a nmethod 2 of dynam c range remappi ng for enhancing the i mge
in both oa®k2esde bright 3 intensity areas. This renappi NBCDICAGLONIELt i ON
techni que anmounts to snmoothing 4 the data (such as through a | ow pass
filter), determning the data nean, 5 adjusting the snoothed data to the
mean, dnd then appl yWgatbait 5866@ 118, Farty érlprosvies cord Mamck auditge aanethiodal
data. Two curves of adjusted data are provided, 7 each offset fromthe

nmean, one &f MRkFIC rengd Férﬂésaﬂiﬂ@%ﬁ'ehhaﬁciﬁﬁ%ésh@@b inAbadth GarR¥hdPBAght

downwardly by a constant (A2) for establishing upper and lower 9

t hreshal d y ti ' L.Sit & t] tants
A 10 pon RN EPEE, TG Fetfiafihg SrbdtractBndbEhiBtL A b MilootRR"

al gorith ar 11 applied firstly to the i ginal dat.a w,thin, the range,
and sedondny fate ka0 s this o, = Iapangeiaed; Cplectifa. then Bie. ety ve
option, the original data within the range 13 is adjusted bi/ t he

di f f er énceadipstingethensmoptiond gataito dhe mean. Prdhent 9dplyiRgsthal snapathedence
bei ng scal ed by a user-defined control paraneter between 0 and 1. 15 Then

t he adjfustastjustatiadats tecthbeariginalt detaf uTwodsuraes of rajugieddatd are mgddedat a
16 outside the range is adjusted using a different algorithm 17

Unf or t gnat&dah offidet idhhipe mbafadse of a@iich dabifsul Lpwardy Gyvé cBastant 181) he
range differently with the result that artificial details and other

di stortg o r o t [ eat, f_ o Lscontinui e
range ttf)soun éjr %%eDgég}n}N@s@v g%?ncsc{ﬁggaﬁthzmrzznwag %sg‘%l%hﬁg L%’lﬁ)fggléd?aa ﬁ]"&él}:ange
can result in very different values, 21 distorting stronger signals. The
adj ust i9ng treshioldshand sepatrting hesdatai istoiwe 6idinch poprletiensar Congdanisodi hed
i mge deviates fromthe nean of the entire image, the 23 nagnitude of the
devi atlipon &2 fokfineng idngeMadineny depafate hadditivé wrt maitiplitathg algorithms are

11  applied firstly to the original data within the range, and secondly to data outside

12 the range. For instance, in the additive option, the original data within the range

13 is adjusted by the difference in the data’s original and mean intensity, this

14  difference being scaled by a user-defined control parameter between 0 and 1.

15 Then the adjusted data is scaled to the full dynamic range of the image. Data

16  outside the range is adjusted using a different algorithm.

17 Unfortunately, the method of Fang treats data within and without
18 the range differently with the result that artificial details and other distortions
19  result, such as the creation of a discontinuity at the range boundary. Data just
20 inside the range data just outside the range can result in very different values,
21  distorting stronger signals. The adjusting algorithms produce these distortions
22  whenever the smoothed image deviates from the mean of the entire image, the
23 magnitude of the deviation affecting the magnitude of the distortion. Fang

24 recognizes that the user can manipulate the degree of dynamic compression.



24 recogni zes that the user can mani pul ate the degree of dynamc
conpression. 3 WD 02/05206 PCT/ CA01/00982 1 However, to m nim ze

di storti omQ ov/bieoaser nust mani pul ate each of: the 2 atteROBCiA0NH0WE82 t he
correction, the upward offset, and the downward offset. For 3 instance,
the larger the chosen range, then the nore the distortion is mnimzed 4

but al g0 thewswsre fohenipiaizee ditd@iohs tAeeukestmuét sHahibalats agsh o @ahance
5 weaker signals, however, the stronger signal s becone badly distorted.

That ig tgc}tte@h @¥n iR %%%ﬁénfﬁ%uh bRard bt Hd%%o trrﬁﬁz%’rde%ﬁﬁ] G on

t he part e user to manage three aran’e ers mnimze

the i nmgge distort maxim zi nhancenen 9 Each of
the abave '%?Hsasfhsﬁar%rgﬁeecﬁﬁaﬁearﬂ%% ek I RS ELERER B SRt | on
of the original data. Loss and distortion present artifacts, which can 11
seri oudl y REralpeihgemare A Suble sdetailopredoRtr & agRdst rangmesn enhance
interpretation of the 12 image. ldeally, if intensity variations do exist
bet weed® neveghsirsignalsihaweveraine sidnoengignatsieeaoone badly distoriedn Thaéia fshoul d
be maxi mally enhanced for detection 14 by the diagnostician w thout the

i ntrodact i sy, de prddesaatquirentimeegead dffes ainaf expkhienbetonethet gt bhttenasdry
variations are in the light areas or the dark areas of the 16 image. 17 An

opti maly aﬁerﬁéﬁbgéhﬁréed?é'r%%é@@ Plry R8BI BIMMEI $B HRe é@tdrﬁ&?%ﬂ%e”t in

their nature errelated variablesS require the user to nmak

conpr or@ Sgﬁaxrmﬁﬁbf’rh%rﬂ 9%)%%%@?&1“& 1r n part so as to achieve part of

anot he resu una Quch deci si ons require a user to gain
expertise in the 21 background to the technique before it could be

proper By inpl enent edcadhiot ther abo2mstiaftisCsiriiagle grifamcehRing restedint® Idwe
robust so that small changes in a given
10  or distortion of the original data. Loss and distortion present artifacts, which can
11 seriously compromise a radiologist’s or other diagnostician’s interpretation of the
12 image. ldeally, if intensity variations do exist between neighboring data in an
13 image, the contrast between them should be maximally enhanced for detection
14 by the diagnostician without the introduction of ariifacts, and regardless of

16  whether the intensity variations are in the light areas or the dark areas of the

16 image.

17 An optimal approach should use control parameters which are
18 independent in their nature. Interrelated variables require the user to make
19  compromises, sacrificing one result in part so as to achieve part of another
20 result. Unfortunately, such decisions require a user to gain expertise in the
21 background to the technique before it could be properly implemented. Further,
22 such control parameters need to be robust so that small changes in a given
23  parameter result in manageable changes, do not cause wild results, and even

24 poor choices should give "livable" results.



23 paraneter result in manageabl e changes, do not cause wild results, and
even 24 poor choices should give "livable" results. 4 WO 02/ 05206

PCT/ CAO1M098@520d6 SUMVARY OF THE | NVENTI ON 2 The current Paweabi/ensi s a
process of maxim zing the detail between 3 neighboring points of an inmage
wi t hout distorting the inmage and without adding 4 artificial details.
Local I ¢, all contrasts in tBEeNMARY OFETHBINYGNTUON the sane 5 nmanner. 6
In the preferred enbodi ment, the process is applied to images 7 where

variaton between nejighb@rémanRdhss Iasprab@ééaﬂmﬁxﬁmﬂmgfthéwalmtwbaﬂ
contrast 8 is too low for the human eye to discern. Such cases include

X-ray %m%%hb&ur@aS@ﬁté of dimab va%[HH%&'d?&oﬂﬁg'théblhﬁgHe arft withbdy aHH?ﬁge than

one m ght gues curren Irnvention nces S 1In 1 on

order to veal i n sed X-ra . The achi evenment s
of the? cur?rﬁﬁ?'ak HD{?ﬁﬁ g}ﬂca@z ailr ‘éor%ﬁaffrt) 'rr‘rgﬁ%\)mg@oﬂ%ler Sg'frgdefjo'rn BedPAGevi sual
interpretation by doctors 14 and other diagnosticians; 15 good

correl & i JRABRER he processed image and the input image - 16 e.g. the
processed i mage of a chest image still resembles the 17 original chest

| TRge 618 | TRXi M 2o delRbloran B L HoBRerR! 1 robAa il HBARea 3 RS 2o

19 for “maxi num possi T rast I'Ng 1 npr ov
subtle var ! ﬁ‘ L l!eo\pasna\f\‘on r%xa’tw(ejgrq lr<1e|rg IOIQIRQS p%ﬂ} SIS élgltglly sngnllﬂcantlbutet\lqe %Brsﬁrast

8 is too low for the human eye fo discern. Such cases include X-ray images.

9 . There is more information available in an X-ray image than one might guess.
10  The current invention enhances this information in order o make a more

11 revealing, processed X-ray image. The achievements of the current invention

12 are:

13 e improved contrast - for aiding visual interpretation by doctors
14 and other diagnosticians;

15 e good correlation of the processed image and the input image —
16 e.g. the processed image of a chest image still resembles the
17 original chest image;

18 e maximized detail - every part of the X-ray image, is maximized
19 , for maximum possible visibility, contrast being improved
20 between subtle variations within dark regions and within light
21 regions;

22 ‘ e automation of the image enhancement - thus it does not require
23 the end user to have prior image enhancement experience; and



22 automation of the inmage enhancenment - thus it does not require 23 the
end user to have prior image enhancenent experience; and 5 WO 02/ 05206
PCT/ CAO1M098@s206 avoi ding distortions and artificial detBCT/€A01/00985
avoiding addition 2 of false information to the already chall engi ng task
of image 3 interpretation. 4 In a broad aspect of the invention, an inmage

i's enhanced t hrough e SaydidingogisioresHase ertificialfddtdirs ChnkrBrlidiRg deRion
nei ghboring point intensities by 6 fitting a first |ow frequency upper

curve or surface to therkacalinfBRHabH oM afoddy Ghiferying 4988 ot nApRENdent

and | ow frequency | ower curve or surface to NI Muns,

space gr vol une bet vveeP,] %@F_&?Qﬁ a fairway. The raw 9 inmage data resides
within“the fairway. A 3 B’e bet ween the fairway | ocal 10 nmaxi mum

intensity and fairway local mnimumintensity is extracted for each 11

point. 4A | ocal scal ilnth besddoaspect dFtirs ihvgtliods ahhimagat is eriteineee hidughl ocal
range 12 and the dynam c range for the imge. Each point is then scaled by

L 083 indIoBARACEAEDI! 95 BBnirasBIWERE SiR0dRI BbIRipshpt 8751 LY

between it and 1ts 14 neighboring points. 15 Prefer requency
curvesare.gdeterm in t i Lonal vi\ng avera
acconm@d aﬁtﬁ&é %af?r}sgqu% ﬁiecﬁ“%“g%itk\ﬁ’?’ef #ﬁ@ﬁes 5‘[3{%@5@8%{[3 r{R?L fo%%t nﬂéé‘ﬁg‘ﬁg? &%ior i ng
col ums, and  nei ghbori rows. 18 Preferably even outlier points falling
outsi d tﬁst'm%iar%@gprﬁ Bidepgniaita ROEdOWn BARSNY @i"‘éetro?%"l/?@rﬁ%%?&ﬁttpowe
process but, through a histogram 20 correction which rescales the enhanced
i mage Basdacalpminianlies, eihei spacoerofolume belwaesi formingde faifwahe e IR s.
More specifically, the locally scaled outliers have

9 image data resides within the fairway. A local range between the fairway local

10 maximum intensity and fairway local minimum intensity is extracted for each

11 point. A local scaling factor is determined as the ratio between the local range

12 and the dynamic range for the image. Each point is then scaled by its local

13  scaling factor so as to maximize the variation in intensity between it and its

14 neighboring points.

15 : Preferably the low frequency curves are determined using a two
16 dimensional moving average, accommodating variations in point intensities both

17  between neighboring columns and neighboring rows.

18 Preferably even o'utlier points falling outside the fairway are
19 enhanced, not by a distorting truncation process but, through a histogram
20 correction which rescales the enhanced image based updn a determination of
21  intensity range of the outliers. More specifically, the locally scaled outliers have
22  intensities outside the image’s dynamic range and thus. are temporarily stored or

23 preserved at a higher precision.



22 intensities outside the inmage's dynam c range and thus. are tenporarily
stored or 23 preserved at a higher precision. 6 W 02/ 05206

PCT/ CAO1LM098&5206 Next, all of the data stored as hi gh preRCHCAN/00982
intensities, including 2 outliers, are placed in a histogram having a
predeterm ned or expanded range 3 greater than the inage's dynam c range

and | arlge enough to'Neaptlira thd datdpstast iz highapdeciiort rtemitiéd, dnsludifg
hi stogram count is made and a predetermned 5 trimrate is applied to the

hi st ogpans, |iysenek FIHE';eHOEH £hstoferRHafinghs Hr@dét‘éﬁﬁme@ & SRk dRRL FarlgRr g€

variations and snmall variations in intensity between nei ghbor| ng 7.

t t |
Posi 1 dn'1grephe” tEAY B0 gl MEMIO e 0B i Bl ve SERe: o
| ect ed t . II del y, di d d I
i i il y SR A48 GAVRIRCBRHPUAD CRHBhiS FRRReAT Friee %Wes B mage
points have a trimed range which defi nes 11 a new range having a m ni num

i nt ensiot y tHAYrade ieapplied feuihei histoasany lovaiendiand toppendi Besadse thackaina@ya

second time, this time at a scaling factor determned as the 13 ratio of
the tr Bnnﬁdanda‘thﬁhdm@etmmitiuagahd styalbvar@atioan gre intédsiBr iedtereahl neightoringw
frequency curves are determned using a two 15 di nensional noving average

and, ngre gyiekebalibys cats bppeht blitsidees faRRay ot Glrflestesdy PRI esidH fhthe
mar ked| y reduces the nunber of calculations required by 17 taking the

precedigng i erA?%’?e%lﬁhé’?ﬁo%%é?)ﬂnt%f%é BohieRY %té@%gtgn%%? ared

|ntenS|t|es |ngthe ing point intensi'ties ain a new filter
box su n ach ox su b idin he sum by t he
nunber Sor USbBafHy isTined i RO AsREihuSH Y Mt e idsah e

10  when trimmed. The trimmed image points have a trimmed range which defines

11 a new range having a minimum intensity and a hew maximum intensity. All the

12 points are scaled a second time, this time at a scaling factor determined as the

13  ratio of the trimmed range and the image’s dynamic range.

14 | Preferably the low frequency curves are determined using a two
15 dimensional moving average and, more preferably, uéing filter box mean
16  determination which markedly reduces the number of calculations required by
17  taking the preceding filter box sums and merely subtracting the lagging point
18 intensities and adding the leading p'oint intensities to obtain a new filter box sum.
19  Merely normalizing each box sum, by dividing by the sum by the number of

20  points in the box, completes the moving average.

21
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but ot hewdaeadzbe appears | ost in the seem ngly uniforml i BOT/CAd1/60988AS

t he pel vi

of the lung;

1, aftaqr
Figure 3

sel ection of one sadnp_le columm of data fromthe inmage of the X-ray of Fig.
[

1 for 210 processi ndiggiend tiseameXtiod of a H¥est dsemthichveany gietaiithearganpl e

colum is

ext ract3ed invhediatell Rislige nhuishiben detdihappears dgsieinathedsegndinglyf omifoeas Bglaf

Vi ew ng;

s and vertebral colum, and the uniformy dark vascul ar areas
6 Figure 2 is a digitally enhanced image of the X-ray of Fig.

7 appl i cati ongRiEF MEPCRIETION OFRTAEDRAWIRGPr esent i nvent i
illustrates a Tanciful representation of the mathematical 9

11 shown extracted fromthe image of Fig. 1 and set aside,

13 Figures 4a and 4b are related graphs which illustrate the

1 BRI EF DESCRI PTI ON OF THE DRAW NGS 2 Fi gure
1 is an X-ray of a chest in which many details are 3 imrediately visible,

of
5

on;

t he

8

vari at igon arddsiol thapaivis1bAa Sickiebydl tddlumh han® @ Laifs@hly Markvasaliar afedsl 9. 3.
In Fig. 4a, the 15 inmage's bottomto top corresponds to the graph's |

(Bjit eldty:is a copy 16 of the corresponding sanple colum, again
e

to ri gfgt )
exagger at
sinple pr

In wdth for viewing; 17 Figure 5a and 5b are graphs of a
ior art formof contrast 18 stretching, applied to the data

eft

of

Fig. 48 Fig. 5a il |kigureaRds at digitalyt enledndadgimabse ofl thenKtray aof Higrot hafterd ow
frequency nean plotted thereon and Fig. 5b which 20 illustrates rescal ed

out put 7dat Rageh Pt prefetedMethombf ki tBSertiavrtitn; mean

21 whi ch have

then been being stretched to the full dynam c range; 22 Figures 6a - 6¢C

illustrat

e related graphs, in which the process of 23 the present

i nvent ion was appl i gdgtee Shdusisaigsor fangiul 4gprasiegiaten pf the mathematinal

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

selection of one sample column of data from the image of the X-ray of Fig. 1 for
processing using the method of the present invention. The sample column is
shown extracted from the image of Fig. 1 and set aside, the extracted column

being shown with an exaggerated width for ease of viewing;

Figures 4a’and 4b are related graphs which illustrate the variation
in data intensity within the sample column of data of Fig. 3. In Fig. 4a, the
image’s bottom to top corresponds to the graph’s left to right. Fig. 4b is a copy

of the corresponding sample column, again exaggerated in width for viewing;

Figure 5a and 5b are graphs of a simple prior art form of contrast
stretching, applied to the data of Fig. 4a. Fig. 5a illustrates the data of Fig. 4a
With a smoothed low frequency mean plotted thereon and Fig. 5b which
illustrates rescaled output data based upon local data variations from the mean

which have then been being stretched to the full dynamic range;

Figures 6a — 6¢ illustrate related graphs, in which the process of

the present invention was applied to the data of Fig. 4a. Fig. 6a illustrates the



8 WD 02/ 05206 PCT/ CA01/ 00982 1 upper and | ower bounding curves of the
fairway. Fig. 6b illustrates the 2 corresponding output data. Fig. 6¢c is a
copy of tweovaennespondi ng i nage 3 columm, exaggerated i nP@i/dnhi1/6082
viewing; 4 Figures 7a and 7b are graphs of the raw input data of Fig. 4
having 5 scaling fairways plotted thereon; the fairway of Fig. 7a being an
i deal , 1f r agipendand Iswer chourating t tiervési ofndye okirivieay.  7Bigbedndliusitates ahed
using a preferred noving 7 ‘average process of the present invention; 8

Fi gureo7c dosredpbadielyf glitpandifart i BePEseaetdpt ioprthef catre it Imale
surfaces with Phe rgw da??la resi leir?% t her ebetv\%ten 10 Figures Ba@andg8b are

i sol at ed 'dg‘ﬂ% ng 11 the | ow frequency upper and
| ower boundi ng cur\@%réﬁagw&{jﬁgg}?'re%oq ng 12 functions respectively; 13

Figure. 9a and 9b are graphs which illustrate and conpare the raw 14 input
data add a first faiffiganescia aed 7bare seapredotitheaast iopatidata of Hig.et haviog
greater 15 than the dynam c range; 16 Figures 10a and 10b are graphs which

i Il ust sat eschiify ifaihva p@&t@a&heféonﬁh&@élﬁmév Bf P. t73ebeiRgein ideaNdfddthand

function. Fig. 10a illustrates a |ow frequency = 18 nean superi rrposed on the
raw i nput aamb I 1= r

gr eat ef% thsg% e rre?ﬁ@f?ép%f &lﬁngé Z? é}g:‘:alc l%@ ﬁ%s?ra?eé}gh g?’g ive
convergence 21 dete tion Emth data of Fig. 10b wherein a new mean
is itelati?EN§9e E?Cﬁé? EhBE?SFB NVREBUQ'Ssi dual data remaining after

appl ying the previous means so 23 as to reduce the data population to a
new ang smal |l er nunmmgyef 7é€?§'ad%cifgpbﬁaséartial representation of 2D bounding

9 surfaces with the raw data residing therebetween;

- 10 Figures 8a and 8b are isolated images which result from plotting
11 the low frequency upper and lower bounding curves or smoothed trending

12  functions respectively;

13 Figure. 9a and 9b are graphs which illustrate and compare the raw
14  input data and a first fairway correction scaled data stored at a precision greater

15  than the dynamic range;

16 Figures 10a and 10b are graphs which illustrate the initial steps in
17  determining the upper trending function. Fig. 10a illustrates a low frequency
18  mean superimposed on the raw input data and Fig. 10b illustrates the residual

19  points at or greater than the mean;

20 Figures 11a and 11b llustrate the iterative convergence
21 determination from the data of Fig. 10b wherein a new mean is iteratively
22  determined for the residual data remaining after applying the previous means so

23 as to reduce the data population to a new and smaller number of residual points;



9 WD 02/ 05206 PCT/ CA01/00982 1 Figure 12 is a graph illustrating data
mrroring at the inage edges; 2 Figures 13a and 13f illustrate pseudo-code
and vari abbe2eehé nitions 3 respectively for applying an pE€T/ICapsosnOVI Nng
average technique to the image 4 data; 5 Figures 13b - 13e are fanciful
illustrations of the noving average 6 technique for inproving the.

ef ficidncy of the sufigmte this, a Graph illGstrdting date mirrofingaititihe frosig@tdged;um
sumat i ons i ncrenented one col'um; Fig. 13c using a 7x7 8 box col um by
col um of row summations; and Fi q 13d and 13e using a 2D box 9 with a row
by row2of col um surfigeiesnsa ang ?’ﬁé‘HSVﬁ@r%ﬂ%@@n@”@dﬁﬂﬁWe qe(f'nl‘fIQjﬁr es
1l4a - 14c illustrate pseudo-code and Figure 14d illustrate 11 variable

def i ni 8i orrespestivebhriorsapplyinggan reffieabbdiowing ayerage teatmique ve@ thetimagef or

12 applying the noving average data of Fig. 13a and determ ning the upper

and 13 | ayss; boundi ng curves; 14 Figure 15a illustrates pseudo-code for an
i nproved convergence 15 technique to replace the technique of Fig. 14b;
.16 Figure 15b is a graph mhlch illustrates a faster convergence 17

i teratPve determ natf8uest 13he 13mare mRRAW Htystaliors pbihe ROVIRG 3vefadei g. 4a
and 18 according to the pseudo code of Fig. 15a; 19 Figure 16 is a graph
whi ch 6l | uschriges .fot repraving thegffigigresy ahthe swmnamsmﬁjgdnafg foupnes7-of a
fai rway obtained using the faster convergence technique of 21 Fig. 15a; 22
Fi gureg l7soiatndwldbcoluhissuabeationk abheengmehdneoalempaFig. ddtarsing a &3 Fi 9.
17a illustrates the upper and | ower bounding curves of the fairway

accor digng pox column by column of row summations; and Fig. 13d and 13e using a 2D box

9 with a row by row of column summations, and then incremented one column;

10 Figures 14a — 14c illustrate pseudo-code and Figure 14d illustrate
11 variable definitions for demonstrating one embodiment of the iterative method for
12 applying the moving average data of Fig. 13a and determining the upper and

13 lower bounding curves;

14 Figure 15a illustrates pseudo-code for an improved convergence

15  technique to replace the technique of Fig. 14b;

16 Figure 15b is a graph which illustrates a faster convergence,
17  iterative determination of the upper bounding curve for the data of Fig. 4a and

18  according to the pseudo code of Fig. 15a;

19 Figure 16 is a graph which illustrates the resulting upper and lower
20 bounding curves of a fairway obtained using the faster convergence technique of

21 Fig. 15a;

22 Figures 17a and 17b illustrate related graphs, more particularly,

23  Fig. 17a illustrates the upper and lower bounding curves of the fairway according

10



10 WO 02/ 05206 PCT/ CA01/00982 1 to Fig. 16, and Fig. 17b illustrates the
correspondi ng output data after a second 2 histogramcorrection step; 3
Fi gures Maozoxtod8b il |l ustrate pseudo-code and Fi gure 18cPCHWCAD1/u®8Y at es
vari abl e definitions for applying the upper and | ower bounding curves 5
determ ned according to Figs. 13a, 14a-14d and application of the first

fairway Godigl $&catd FigstdgilastraesribetdoprspbadingWuppilitt datg after sesdoeedi mage
data such as 7 the image of Fig. 2; 8 Figures 19, 20a, and 20b illustrate

out put 2i NBH&S yg}h%Brrl’egﬁéﬁgté‘P’ om 9 variation of the extent of noise
suppr essi on. %pem fically, 10 Fig. 19 applies m ni num bound separation

(surf nmdff) of 1.5% 11 Figs. 20a and 20b apply a m ni rum separation of the
boundi Bg 12 curves foguss d8a and i18bnillusiiate neapelotepds and?, Figwisr ddgced
for conparative 13 convenience, and 14 Fig. 21 applies m ni mum boundi ng

curve gepdiwdtiades ohrid defimtionkSioFiagpiviey &2 upper and Usterabeurling cuniesages
which result froma 16 variation of the extent of filtering (inmag_pcnt),

as it @ppldeqémamea%a@?dmg%rr%@ﬂh3a171@wua%r@vsﬁm@néﬁ%%etﬁﬁ fairway
Specifically, Fig. 22 applies ter of 5% of the 18 inmge size and

convenPancd BEin BleddIBRe bt for ARBURAEER Ry FRTBE LA Kooy 22
10% and 20 Fiqg. .applies a filter at 20% of thelmage size. 21 11 WO
02/ 05286 PBSITABRBEBL.

8 Figures 19, 20a, and 20b illustrate output images which result from

9 variation of the extent of noise suppression. Specifically,
10 Fig. 19 applies minimum bound separation (surf_mdff) of 1.5%,

11 Figs. 20a and 20b apply a minimum separation of the bounding
12  curves of 3% and are identical images to Fig. 2, reproduced for comparative

13 convenience, and
14 Fig. 21 applies minimum bounding curve separation of 12%; and

15 Figures 22 — 25 illustrate output images which result from a
16  variation of the extent of filtering (imag_pcnt), as it applies to the demonstrated
17  moving average technique. Specificélly, Fig. 22 applies a filter of 5% of the
18 image size and again is an identical image to Fig. 2, reproduced for comparative
19  convenience, Fig. 23 applies a filter at 7%, Fig. 24 applies a filter at 10%, and

20 Fig. 25 applies a filter at 20% of the image size.

21

11



1 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT 2 An | nmage's
Characteristics 3 Every digital device has a dynam c range which is a
measure o¥O020R06 4 ability to record relative energy fl ucPOBCAON®IsHere, in
the case of an X-ray, the 5 intensity of fluorescence directly emtted
froma phosphor plate and captured by 6 a charge-coupled (CCD) device or
the transil | um DETANNEDDBEGRIPTION IOF FHE/PREFHRRED BENMBODNMENT range is
usually set by the recording or scanning 8 resolution and the digital
storage neans (data file). A typical digital file uses 8 bit 9 storage
whi ch™ di ven gnagensfeharaelelslicy "0 - 255. Al so known are files using 10 10
bit storage which gives a dynam c range of 0 - 1024, 12 bit storage which
gi ves 11 range of - 6 .y I i 10 -
65, 535.‘3’ For the 12 %\{JI‘ ?ggelgarpgfe&'?ﬁ?{sa%a%%ﬁ%g@iﬁgﬁ?&%rg#l?{g%?néﬁ%%??gtses t he
process of_the present 3 inventipon usin n8 bit stora - _255), the
D oces? bty i cERaRrsiatie: SRy BiUARohS Mool k< 9F ahgsrad®hot
i ntendi_ng that the disclosed range bein 15 limting. 16 It is an
obj ect Pve iBiensiy of fluoeascenee diedl ng“téﬁﬁg f"ﬁﬁ‘g@ PbeRRRREeRaR an(iﬁap%ﬁ%ibé{ue for
maxi m zing | ocal contrast and yet avoiding distortion associated 18 with
exceedbng a hehargegeupledy (@Y davige. otbeptrassiluminationt ilvpugkchlgniinea 19
that one part of maxim zing |local contrast is to stretch the local range to
the 2G dydsvamner.r ampie. diRedmid vengons rastiafly $atopy pibientedopdingabbyschnhinl, are
preserved at 21 the local |evel - each significant sized sub-section of
the preacesgeg|tifReAdTHE Wigikt stEGe H?@ar%f(d?%sﬁle?fAtﬂ]‘&cglyd@'fﬁlcﬁlé asees ¢ t he
t echnol ogy bei ng used. Anot her 3 part of the enhancenent technique is to
det er mgne J.r 4 t . 0 2 1S I i mze
My étglﬁasqltegﬁﬁllcg %sgéo%gﬁﬁ% r%mnqigf @2-% Aé% l@o%n B iids uén?g%

or prevent

AL

10  bit storage which gives a dynamic range of O - 1024, 12 bit storage which gives a
11  range of 4096, and 16 bit storage which gives a range_ of 0 - 65,5635. For the
12  purposes of this application, Applicant illustrates the process of the present
13 invention using an 8 bit storage (0 - 255), the process being independent of the
14 actual image dynamic range, and not intending that the disclosed range being

15 limiting.

16 | It is an objective of this invention to apply an image enhancement
17  technique for maximizing local contrast and yet avoiding distortidn -associated
18  with exceeding the image’s dynamic range. The present invention recognizes
19 that one part of maximizing local contrast is to streich the local range to the
20 dynamic range. Relative contrasts, from point to nearby point, are preserved at
21 the local level - each significant sized sub-section of the processed image must
22 make use of most of the dynamic range of the technology being used. Another
23 part of the enhancement technique is to determine the local ranges to be

24 stretched. Another part is fo minimize or prevent distortions associated with

12



WO 02/ 05206 PCT/ CA01/00982 1 clipping at the extrenes of the dynam c range.
Clipping occurs where contrast 2 stretching scales an intensity value to a
t heor et i b oved20€ beyond the mnimumor 3 nmaxi rum For eramwglel/omsy a
dynam c range of 0-255, scaled output values in 4 the hypothetical range
of 256 - 300 can only be recorded as 255 and thus details 5 within such

areas are dliﬁ@tng &t tHavéxieerhed of ens eyhamid gangk. @ﬁpﬂ)iﬁ?gﬁzcih% ivheRs ewhtigst for
image 7 enhancenent. The present invention was applied to generate the

out put o ”@F‘etcl‘%g@%gﬁfg;?rglytél’bs&? vah® m%ﬁéﬁ@ﬂ%a% 5{%@%‘3 g rﬁi@fmﬁﬁﬁﬁs a

data array of a p1 xel's, each pixe avi ng being stored

with a_sanple dynam c resolution of 0 - 255 els,of intensity.. The
i or | B ORAR e SRR P G frale 28ge IR e B s U Valde
invention as it applies in one di mensional ‘manner to _only one sanp|e 15
of the4s7d E&Wj’ﬁﬂget@ﬁ' '@@9&.0%%5@ W e 885&?@ E?&@“;%? aF @,55tdyr\'l§’ %Péé’@gls
actually is 16 perfornmed in two dinensions using nested operations for
anal yzibng Wibhin sushsireasaeigstol unms. 18 This one di nensi onal ,

m d- processi ng col umar exanple is 19 introduced as follows. 20 Referring
to Fig, 3, a colum gf data.l11, selected from about.2/3 of., 21 the wa
acrosSBihe | mage. T raMPRdSIEFNE e Eouh 4L TBADS! %P PrBuR] Bk MRy 22
fromthe inmage 10 (illustrative purposes onl ){,). 13 WO 02/ 05206

PCT/ CAG1/ ogfgncement. The present invention was applied to generate the output image

8 30 of Fig. 2.

10 Sample Image

11 Image 10 comprises a data array of about 878 by 1007 pixéls,
12 each pixel having being stored with a sample dynamic resolution of 0 - 255
13 levels of intensity. The majority of this disclosure illustrates application of the
14  present inventioﬁ as it applies in a one dimensional manner to only one sample
15 of the 878 columns of data. As is also described herein, the process actually is
16  performed in two dimensions using nested operations for analyzing both rows

17  and columns.

18 This one dimensional, mid-processing columnar example is

19 introduced as follows.

20 Referring to Fig. 3, a column of data 11, selected from about 2/3 of
21  the way across the image, from the left, is shown as physically being extracted

22  from the image 10 (illustrative purposes only).

13



1 Turning to Fig. 4a, the raw data of the sanple colum 11 is plotted 2 as
hi gh frequency curve 14. The left-hand side of the graph corresponds to the
3 bott omved 02/bre0X-ray i nage 10. The horizontal axis correB@DEAS81/008AN | ndex
of 4 the nunber of dots or points counted fromthe bottom of the inmage 10
(0-1007). 5 The vertical axis is the relative intensity of each point in

terms qf a fraction mimingeto Bigdyaametrahedie.offié sbRiple cBRGS 19.is bletedal ue
1.0 neans as white as possible 7 (the top of the dynamc range [imt of

255 fok thiskpardd il a j ' ower
ynam 2 1 Ao TS F Gt ST TR f erBeamREds K" (o
1) of Bhlack.to ife s used i,p this,inmage,  this particular 10 col or
subset Jor Eiean ShE REY B UBoulhs sBr ey HReCedtEiRnlia Yo L ey &
relative intensity of the data at the spine of image 10 is nearly 1.0. 12
13 Exafpl hgupoRer Qitdqts PaRosHs C@anfé‘g’i“cthﬁah%@"mf fhe image 48 (0110973 anpl e
colum data 11 is illustrated showmn 15 corresponding to the orientation of
t he raw dathe venrtical ads isitheHlativg intehsity o€ eacly polnd in taroist of afraclien priher art
technique, in Fig. 5a 17 and 5b, it is known in the art to preserve | ocal
contrast kyyrmaemiowange! Mo b iMégd reqdes erluzomooneans 49 amiteaxs gassiblel of
Fig. 4a and stretching the resulting 19 range to the full dynam c range.

In Figz 5 ' 15
n Fl gz th@tﬂ@%ﬁﬁ%ﬁ?%ﬁ%%h@ﬁ 258Wor #is PERRURINGNE)CAHY 6 i9hs bifikd

i S superinpose 14 fromwhich it 21 was cal cul ated using

known techry . n,thi L QF i q o) L 119 +-2b ..

out put %curéﬁe%%ggfblsez%% éé‘&%'ﬁg&hég'éc géb%%éaﬁm()f L‘@DE%%#%&E{"%J“% SHQ%B

fs(r:g{neé eor w%?rg%%ayl}g%wgﬂ; _eor]fﬁ{%@ EqT}eyhri’?envlvgy rlTSgg qn %élinn%@et %istpg?'ticdu?éra are
10 column or subset of data only uses only about 75% of lt For example, the

11 relative intensity of the data at the spine of image 10 is nearly 1.0.
12

13  Example of Poor Utilizations of Dynamic Range

14 In Fig. 4b, the sample column data 11 is illustrated shown

15  corresponding to the orientation of the raw data curve 14.

16 Having’reference fo the results of one prior art technique, in Fig. 5a
17 and 5b, it is known in the art to preserve lc;cal contrast by removing the low
18 frequency cémponents from raw data 11 of -Fig. 4a and stretching the resulting
19 range to the full dynamic range. In Fig. 5a, a calculated and smoothed low
20 frequency curve or trend 15 is superimposed on the real data 14 from which it

21  was calculated using known techniques.

22 In this prior art technique shown in Fig. 5b, an output curve 16 is
23  produced as a result of subtracting the trend 15 from the raw data 14 and then

24  the minimum and maximum for the data are scaled to the dynamic range. This
14



WO 02/ 05206 PCT/ CA01/ 00982 1 sinple approach preserves the |ocal detail,
however, the residual data graph of 2 Fig. 5b is inadequate in terns of
how t he dveaamdz206 ange is used locally. Note 3 that the drCECADI/APS2 havi ng
a very small peak-to-trough range at points 330 to 4 350, data at 18 at .
580 to 620 and the data at 19 that spans from 780 to 850 5 would ideally

be cornrectg gté)agp@alahl resdies he bl Qﬁé‘tﬁmﬁévfe@@g,ethew%@ubhéétat@%phﬁ)fr ange
of data at 18 uses about only about one fifth of t he ynamc range 7

wh t f , I

AT o 2 8 e SRR R deRuata BT (GRRLEE Ao e tRhIE R4 i hed? o 1R,
dt th it f th det ai |

Xray P E“?&@g?%esbq?oh%z%xmg?‘%ééwaﬁ% e 5%{?96%@ itz Hbeoro "t he

| arge range |ntenS|’[ll;){8 data at 19 11 causes the snall |nten3|éa/ltran e for

data att 18330 daie\atnts af BEPCReERA endubatdatasat 19 tat snensdlfemnt 13
14 Inproved Uilization 15 To optimally stretch all areas of the inage 10,

even t Bosewouldgdeally he coéreatdd ioza sgmitent isecaoktingl dynzonicirangef Ndie thginthei c
range and those utilizing a large 17 portion, the local contrasts nust be

handl e@ | ndegenge bty at O® ey alowoonlpi aboktBohs fifth iodlanti dynzmnid eihgese a
sub-section of neighboring data and scale it 19 substantially independent

of  the 7 erphoidet AL ddig 412ta ke ADANENG ShETRRS 1 O Bsds néary N 5

e
curves are Illustrate the’i nput raw data I4 of 4a” and al so,

e AN VPt AR RS, o %éeo;%éé%%ﬁea%ﬁs IR
e (e RSB Rdne HASRHE) of e Bk B 3 e FIBER R B
10 prior art Fig. 5b, one can see that due to the large range intensity data at 19,

11 causes the small intensity range for data at 18 to only be stretched to about 25%

12  of the dynamic range.
13

14  Improved Uiilization

15 To optimally stretch all areas of the image 10, even those originally
16 utilizing both a small portion of the dynamic range and those utilizing a large
17  portion, the local contrasts must be handled independentily. One way to do this'
18 is to identify and choose a sub-section of neighboring data and scale it

19 substantially independent of the remainder of the data 14.

20 Having reference to Fig. 7a, three curves are illustrated, the input.
21 orraw data 14 of Fig. 4a and also, sketched freehand, an upper curvé 20 and a
22 lower curve 21. These curves 20,21 represent one concept of providing an ideal
23 bounding of the raw data 14. These bounding curves 20,21 have a low

24 frequency and further have the characteristic that they graze the raw data’s local

15



15 WO 02/ 05206 PCT/ CA01/00982 1 extrene val ues; the upper bound grazing

| ocal maxi muns (20;,20;+ ...20n) and 2 the |ower bound grazing the | ocal
m ni muns WQ12/0246 +1 ...21 n). 3 The | ow frequency aspect BET/AAe1/00882 curves
20,21 ensures that the 4 local relative intensities or |local contrast are
preserved, just as in the case of the 5 single trend curve 15 of Fig. b5a.

However, uiliidate REIURS; 8id ubbér b@@wcﬁ@?aiiﬁ% IoYdl Phaxi@wupdd (Y 2bem. o, Hand
5,835,618 to Fang, the bounding curves 20,21 are 7 independently

[ | 15. 8 T t her,
{he” upper Ra Y8Rt el e o B A B B g 1 ruy 22

whi ch can be anal ogous to a defined data range which will 10 be ultimately
stretclBed to the dyriEm bw frageenclyladgest of theatvdeurses 20| aensdres ithatethsi ty
range data 18 at 580 - 620 12 and data 19 at 780 - 850 are both directly

scal able tigcabeltivé @x¥Unsitics e Ishal@BhBast bt BSEVeH NuSPAS IftHeSéddecsi BB t o
the mere 25% of prior art Fig.. 5b. 14 The chall enge for the present

0SS0 4 AL MEEE o1 5, RS pB00 oL, s s

ace n overcone co

limtati i d i tens.,. 17 Th i.nd f
this: oBeciatt CORGR @S oBe st e Fandde s daminng redues 80240 miPng
curves_20,21. 19 16 WD 02/ 05206 PCT/ CA01/00982 1 The ldeal Case 2 A
mat hemdt i dafeprdantlyirepponsive i ihgRrteal data fd@and i on a magasiovaluR1s.

8 Together, the upper and lower bounding curves 20,21 form a
9 bounding fairway 22 which can be analogous to a defined data range which will

10  be ultimately stretched to the dynamic range.

11 : Now it can be seen that the intensity range data 18 at 580 — 620
12 and data 19 at 780 - 850 are both direcﬂy scalable to about 100% of the dynamic

13 range, in contradistinction to the mere 25% of prior art Fig. 5b.

14 The challenge for the present invention is to determine where
15 these upper and lower bounding curves 20,21 are to be placed and how, and to
16  overcome complicating limitations - imposed by computer processing systems.
17  The remainder of this specification discloses methods for determining these

18 bounding curves 20,21.

19

16



3 Fig. 18a) applies the bounding curves 20,21 to adjust each raw i nput data
point, 4 one at a time. An input data point is a pixel or point having a
known i ntvem82/03206 for 5 the selected colum 11 from Fi g. BCT/Sabsawer from
the sanple inmages 1007 6 points or rows in each colum 11. (Inmage Point -
Lower Bound) 7 Qutput Data = Dynami c Range Eqn. 1 (Upper Bound - Lower
Bound) 18 wWHy RleaPcaksrge Point - is the value of the input data at a given
point; 10 Lower Bound - is the value of the m ninumcurve at the very 11
sanme point; 12 Upper Bound - is the value of the maxi mum curve at the very
13 san® point; 14 Bymathemgiinglecdrfantion, as sntratucednariquatiangk (Bisvi @ R.or t he
file 15 or system (here 256); and 16 CQutput Data - is the corrected data
val ue. 317 Fije18alcassies ahe tboiuddingr Qirve® L0 £t fioosdjdeipeatsravg iput datanpdingd of
18 determ ning the upper and | ower boundi ng curves 20,21, determ ned from
the 19 rayyd é‘tpél’]ginié.'%@irﬁﬁ}t @aﬂé‘p@iﬂ@'isté{@g(%!ﬂsﬁﬁbﬁ RL(IRE /RSP IrRendty, for

paraneters. 20 If one can achieve the | reehand drawn case, no data

Poi Nt 24§ alde QU SiSHNEs BUROERD £ WAES R0 Sh ARISFARIe frbded 10t

sol uti on, cont eing preserv and~sc stantially
i ndependent l'r\/ of other areas, 23 of the inmage. Unfortunately, limtations
of nunri PAMHAHBYS RRACH GRIUMRISf 24 di m nishing returns dictates that
t he bounding curves will not necessary 25 enconpass all the points.
(Image Point - Lower Bound) _
7 Output Data = Dynamic Range Eqn. 1
: (Upper Bound - Lower Bound)
8 where:
9 ¢ Image Point - is the value of the input data at a given point;
10 e Lower Bound - is the value of the minimum curve at the very
1 same point;
12 e Upper Bound - is the value of the maximum curve at the very
13 same point;
14 e Dynamic Range Limit - is the Dynamic Range Limit for the file
15 or system (here 256); and
16 e Output Data - is the corrected data value.
17 The success of this first correction depends upon thé method of

18 determining the upper and lower bounding curves 20,21, determined from the

19 raw input image data 14 and two predetermined variables or parameters.

20 If one can achieve the ideal freehand drawn case, no data points
21  fall outside the bounding curves 20,21 and Eqgn. 1 is a full solution, all local
22 contrasts being preserved and scaled substantially independently 6f other areas
23 of the image. Unfortunately, limitations of numerical methods and the law of
24 diminishing returns dictates that the bounding curves will not necessary

25 encompass all the points.

17



17 WD 02/ 05206 PCT/ CA01/00982 1 Having reference to Fig. 7b, calcul ated
curves 20,21 have a 2 simlarity to the previous hand-eye estimated best
upper anwoome2oboundi ng 3 curves. Unlike the ideal casePDWAVES098X here is
a difference; nanely that there 4 are sone outlier points 23, throughout
the graph, which fall outside of the 5 calculated fairway 22; in other

words points in the Haungaleferbice a0 Fighgs, 1icliaetahles SDIA1 HeRE up
bei ng clipped sonewhat, although using the preferred 7 additional

t echni gue%iﬂiléﬁgaég&em@}i&st hgﬁdje{wgggtg@ﬁg_egg«gg Speﬁ“gﬁ(% ﬁ&ké@bbﬁndlﬁgmn ted

insignifican e best resul't correctionis inp

to handle 10 th acticality of these cal cul at fai rways 22. di tional
techi quesurve Hiaflks e il cbst howiarobpiy® Ardfereie! Bimeiinat s
outliers and avoid loss and distortion 12 of the inpmge informtiagn

cont ai fied arReP@NA. OUieFROINIK adp| Brrougheut thee oraRil swBishc Bl ebtsidsh of tthe
entire length of the 14 upper curve 20, for the sanple colum of Fig.

3, 4a, proced@datedf fainvaye22;dheotber wbbds Ipoppedn dixe sawfdaial 14, absuimageddof t he
popul ation of the colum's data 14. Any 16 clipped data turns out to be

the | egst dvapallt el epid UbebBipighthpsd tdoeyevliat, saitreadh Lginghtheu ghefetredhe
corrected image 30 with the result that no nei ghboring group of 18 points

of thezor i da@ || "R8ANiGHes SdidbiB5Ed t BsheimOthel RPadt R $8nddred PouhAgally1 9
cur ves720,%ﬂl t neérlrsn%lgvglé ﬁaydl e asso@?fg{ éd vevi tfﬁﬁg fail u?e rate of aboa/t 10%
at 20 theI %ii Fmﬁ't st ep, the second and final correction results in the nmuch
| ower 18aiIU gN""53M ate of 0.2% 22 18

9 For the best results, a two-step correction is implemented to handle
10 the practicality of these calculated fairways 22. Additional techniques, including
11  use of a histogram, are used to handle the outliers and avoid loss and distortion

12 of the image information contained therein.

13 For example, after the two-step correction, the entire length of the
14 upper curve 20, for the sample column of Fig. 3,4a, produces a failure rate of
15  clipped data of only about 0.2% of the population of the column’s data 14. Any
16  clipped data turns out to be the least important of the points as they are spread
17  throughout the corrected image 30 with the result that no neighboring group of
18 points of the original image 10 is distoried. So, even though the bounding
19  curves 20,21 themselves may be associated with a failure rate of about 10% at
20 the first step, the second and final correction results in the much lower failure

21 rate of 0.2%.

22

18



WO 02/ 05206 PCT/ CA01/00982 1 The First Fairway Correction 2 If the outlier
points 23, which fall outside of a calculated fairway 22 3 (e.g. see Fig.
9a at abowoopaizoé 330 and 350), are i medi ately constrai nBdT/ACA0t/60982 4
dynam c range, the image data integrity would suffer. Such constraints
occur 5 when using conputer processing systens utilizing variables

decl ar gd aphdBiyétFEhinday G6rreaiidh | i mted precision as that used for the input
i mge 10. For instance, an 7 outlier point falling above the upper bound
coul d hypothetically be 8 mathematically scaled to 280. Based on a dynanic
range &f 0 - 255, t Hf theooulligepoints %uwhlcgéa%pmﬁmjoi@cawlaﬂdlfaln@ayaeative
intensity data would be lost. 10 Accordingly, using digital storage neans,
to avoBd qkeigperdigudd Beaboult pdihie33GanddB0), Idke domeatidtetyncorsttagrguoioathg dat a
preci sion can be used which is higher than the 12 dynam c range and the
data igq rmdjhta@«hiaean@@,eﬂ@ agt dbtthtagitytwemna! suFrg. sSeedondifaif 6681ri on i s
applied. 14 Egn. 1 is applied to the raw data of imge 10 and the inage
resul t rd j il J4N

br eci scon Thah EphE RERAIEL brotcakhiy UridisAniFhbA el ioald s, KRy
dynam ¢ r e limt.of 0-255 (8 ,17 Di 023 (.10 hit r 4095 (12 bit),
o2 ar e BcurRaseE loies Prodre s bRl uses K heatpRedale, Pir (Rhes a2 by
(16 bit) signed integer variable would suffice. The 19 2 byte integer

al | ows 7f orOLgl'EPrar@@F‘t r 8ling eBoupprtbRi rRPSr y bound3zcadd 5\5/@0{“%'%%3 €20
negative nunbers as well. Accordingly, a 2 byte signed integer can holds.
the 28 ounbihensatisaiihsoaledrio B80i Ndasad/oniastymamionargd etd s- 253 thiswautlier
reference to Fig. 9b, applying Equation 1 to the sanple 23 colunm data 14
of Fig9 3,Weuidang wlippe tide 2hpnamdc thanggativeriintepbitp- 250 awud ba4logxanpl e,
the cal cul ated tenporary data 24 ranges alnost from-50 to 350. The

10  Accordingly, using digital storage means, to avoid clipping outliers at the fairway

11 correction, a temporary data precision can be used which is higher than the
12  dynamic range and the data is maintained therein until an additional and second

13  correction is applied.

14 Eqgn. 1 is applied to the raw data of image 10 and the image results
15 are temporarily stored using a variable type having more preéision than the
16 image dynamic range limit. For examplé, for a dynamic range limit of 0-255 (8
17  bit), 1023 (10 bit), or 4095 (12 bit), as are currently common values for stored
18 image data, a sta‘ndard 2 byte (16 bit) signed integer variable would suffice. The
19 2 byte integer allows for a larger range, to approximately +/- 32,000 and includes
20 negative numbers as well. Accordingly, a 2 byte signed integer can holds the

21 outliers without incurring any distortion effects.

22 Having reference to Fig. 9b, applying Equation 1 to the sample
23  column data 14 of Fig. 3,4a, and using the dynamic range limit of 0-255 as an

24  example, the calculated temporary data 24 ranges almost from -50 to 350. The

19



19 WO 02/ 05206 PCT/ CA01/00982 1 resulting data ranges woul d produce
distortions for outlier points lower than O 2 and greater than 255 except
t hat t heywa@pomodreé ng tenporarily stored in the higher 3 prPeTICadumIR byt e

i nteger variables. 4 A second histogramcorrection is applied to
appropriately scale the 5 resulting data 24 of this fairway correction,

Fig. 9, trestlingaitdabndysanauld rodece distortiohs féiecamer owitodower G ecti on
8 The tenporary high precision imge data of Fig. 9b is, for the nost

9
part, BT Cath f {haR S8Rt %o Bbirld e ' HngHgercan be
10 errplzgye ) ?%e appr oa((a:h %@Qﬂéﬁﬁf‘%gs %(B%Io cem@?ﬁﬁrs\ﬁ@gﬁe. inply, a
12 hi st,ogr t enporary .. a 24 is calculated and a very snall |evel
of out}?’l er&@EgO&o?ﬁyge 'ggei??é/%gg@ i'ficed for the good of the majority of the
data 14. A reasonable 14 first pass is to clip or trimabout 1 % that is,

the boytom 1 % and tAeectend histogant berredtordidtappliad té iappRspraiélytseald #eri ni ng
points are scaled back to the inage's 16 dynam c range. 17 Accordingly, as

di scl oged He@uﬂih@ﬁé 2Q%g%|ls fé’lﬁh@)‘/"cé‘ﬁ”%?ﬁdh Fidl-obL 8the é&ué@lﬁﬁﬁi@@gge.

correction uses Istogramto assenbly the farrway corr fon 1
tenporary data 24 of Fig. 9b and trinms the | owest and highest 1% of the
data. 60 The renmmining trinmed range of point values in the higher
precision tenporary 21 variables are then scal ed back again to the | ower
precision of the d 1 C_range 2 of 0 to 255. The resulting output data
34 is ho - 0 ire 23 output data for all points being
represented in the output image 30 of Fig. 2. The

8 The temporary high precision image data of Fig. 9b is, for the most

9 part, forced back into the dynamic range of the image. Various means can be

10 employed.

11 One approach is employs a forced failure rate. Simply, a
12  histogram of the temporary data 24 is calculated and a very small level of outlier
13 points 23 are sacrificed for the good of the majority of the data 14. A reasonable
14  first pass is to clip or trim about 1%; that is, the bottom 1% and the fop 1% of the
15 data is trimmed and the remaining points are scaled back to the image’s

16  dynamic range.

17 Accordingly, as disclosed in greater detail below and in Fig. 18a,
18 the second correction uses a histogram to assembly the fairway correction
19 temporary data 24 of Fig. 9b and trims the lowest and highest 1% of the data.
20 The remaining trimmed range of point values in the higher precision temporary
21 variables are then scaled back again to the lower precision of the dynamic range
22 of 0 to 255. The resulting output data 34 is shown in Fig. 6b with the entire

23  output data for all points being represented in the output image 30 of Fig. 2. The

20



20 WO 02/ 05206 PCT/ CA01/00982 1 effect on the output data 34 for the sanple
colum 11 is illustrated in Fig. 6b, 2 wherein contrast is significantly

i ncreasedyoanas20© t he same dynamic range, 3 regardl ess oPCwaabhien9ss he
points were originally neighboring in a substantially 4 lowintensity
(dark) region of the imge 10, or substantially high intensity (light) 5

regi onq Cosfeat encpkbWwitpdldafa 54 Jor fHa sémgreee@mmmmt;benmmw Figt 8b,34,
with 6 the original colum 11 and data 14 of Fig. 4b. 7 Notice in Fig. 6a,

that the fv%ér‘é/ﬁ'yv\ﬁ ﬂgﬁefs g lf'c‘éﬂﬁ\? (H%@g%@gané fou @%aﬁ%}%}ﬂgﬁlftd ?Ené#ég,cal

dynam c ranges are all near equal ,” even tho ey enconpass
each of, the nedi umran |nten|t data.l17 pres 10 at 0|nts 30 to
350, tHe dHARTISn g ME t@elgomﬁﬁ g Sy B B Sifanﬁ'aal gest |
| ocal ranges of dat2 19 at 780 to 850. In application, the tri %
found ffo BeWfiRIENSEY %%rﬁe@o%oﬁtbeW@epmaccé"ﬁuwaﬁt@”léﬂ!ﬂml"Tf?'ﬂﬁ'ﬁi ﬁ@ Bnl y a
few of the highest and 14 |owest values, stored in the tenporary hi

pr eci sbon ragica, Gempsra beltmmd{ oaFigewb, rLeaor@pamw ihesgrhmngegalata S4i wi he
colum of data points are affected at all. 16 Accordingly, there is not
much. sgcr ithe eeiginah colirms 1 o fandroege 1duwsfiHig. yb.Si nply, a few 17 isol ated
extrenely bright (high intensity) points whi ch theoretically should have

18 been even brighter still, were However, it is fal se econony to

save 19 those few p¥oliaesin g a6§o§‘f‘ato¥heaif?'6’m%lqpﬂeﬁm@?d dOWer KOUNHNG t he
entire imge. 20 21 WD 02/05206 PCT/ CA01/00982 1 Determ ning the Upper and
Lower Bourmirvgs @i;2eglefine local dynamic ranges which are all nearly equal, even

9 though they encompass each of the medium range of intensity data 17 present
10 at points 330 to 350, the small range of data 18 at 580 to 620 and one of the
11  largest local ranges of data 19 at 780 to 850. In application, the trim rate is

12  found to be far less than 1%.

13 V This process of forcibly trimming only a few of the highest and
14  lowest values, stored in the temporary high precision data, means that only a few
15 sparsely spaced points in the column of data points are affected at all.
16  Accordingly, there is not much sacrificed in terms of image quality. Simply, a few
17 isolated extremely bright (high intensity) points, which theoretically should have
18 been evengbrighter still, were trimmed. However, it is false economy to save

19 those few points, at a cost of an overall lower contrast for the entire image.

20

21



2 For the first fairway correction, sone criteria are applied to 3

determ ne the extrene upper and | ower boundi ng curves 20,21. The criteria
4 definewde2oizbes which, in one sense, attenpt to best depl/iCaat/@9she
freehand 5 curves of Fig. 7a. The criteria include that: 6 the nmaxi num
and m ni mum curves form ng the upper and |lower 7 bounding curves 20,21 are
made off | dettrramirenthe Opppoaahtswer Bouthdiagf@wegesncy of each curve 20,21 is
| ow enough (snooth 9 enough) to preserve the local, detail and yet is high
enough to 10 separate sub areas_of interest (for exanple, so as jo preserve
11 eacR of the cont ra¥t the tish fairwely 6prrespn, 3soeemc"&'ta \rehPRPESE 1012

| ung between the ribs, and contrast between a rib and the lung); 13 the
maxi MUl ardeteiminenhecextverse AL @mmerhbommﬂeg cunese 20 e arifgdiant s
20; - 20n, 21; - 21 n; and 15 the width of the calculated fairway 22 is
sim | ad taldfine theerwés vllich th orie, sersk, iattetriptubndbestt doplidatatthe dreehaindt he
points 23 will end 17 up outside of the fairway 22. 18 In the sinpl est

ter s, sands ke Ef [qu-/gurfWel@r%nm @gt-anot her, 19 two boundi ng curves
20,21 are fit to the raw input data. One upper curve 20 20 having a | ow
order or low frequency is fit, as best as possible, to the maxi num 21
intensBties for the «datte mXimUmemmmrdmumecmeséd)muingahemugpar aodviaweter or
low 22 frequency is fit, as best as possible, to the mninmnumintensities
for thg data 14. 23 Igaghdmg cuRYe 02U Qnerrerr?aijeeﬁewmwnc offpdrenket ween
the two bounding curves 22 WO 02/ 05206 PCT/ CA01/ 00982 20, 21 can be

scaled to the image's dynam c range. Because it is inevi tabl e to
8 e the frequency of each curve 20,21 is low enough (smooth

9 enough) to preserve the local detail and yet is high enough to
10 separate sub-areas of interest (for example, so as 1o preserve
11 ‘ each of the contrast within a rib of Fig. 3, contrast within the
12 lung between the ribs, and contrast between a rib and the lung);
13 e the maximum and minimum curves 20,21 graze the local
14 extreme data points 20; — 20, 21; — 21,,; and
15 e the width of the calculated fairway 22 is similar to the one of
16 Fig. 7a, yet it is understood that some of the points 23 will end
17 up outside of the fairway 22.

18 In the simplest terms, and using one numerical method or another,

19  two bounding curves 20,21 are fit o the raw input data. One upper curve 20
20 having a low order or low frequency is fit, as best as possible, to the maximum
21 intensities for the data 14. A second curve 21, also having a low order or low
22  frequency is fit, as best as possible, to the minimum intensities for the data 14.

23  Ignoring any outliers 23, each point which is between the two bounding curves

22



2 have outliers 23 with any nunerical nethod used to determ ne the upper
and 3 | ower bounding curves 20,21, the above descri bed second hi stogram
t echni quavo &2/0x0provided to mnimze their effects on t hePCTMEge1/00982
enhancenment. 5 One nethod of determ ning the upper and | ower boundi ng
curves 6 20,21, is to apply a noving average. This sinply neans that a

trend 315 i) 2 cBh BEISEscdb GhHe imaBBRIYHANIE rangEr I BscaRbeAPIshevitdsg o of
which is an average of 8 its surirounding or neighboring data. A one

di : . . . . ; ta 14
cont ai fied PRI Z YRS ot thneribel BB A Rt g P UBR2Y afd 7 cach
i nt dd n I I 1. A2D, 1 | ySi . al | of

Phe | nbendp ¥ BANAIAD YR SP0 o e I AP AP shef s Rotooisngetifofle °
anal yzed. For the purposes of this disclosure, the concept of an area as
13 a réct aﬁgm»acﬁed)gyml@mlzﬂﬂf@mﬁe@@ﬁ opfhenimpage auancaN it nean bei ng appl i ed
at its 14 center. This box or filter box is dinensioned as a specified

nunber of rows 15 ei j noi LA

ol ol y51 D anal ysi syOhanipBod B oG ik e Bu SQRABECuNESD
17 In gne dingnt it is convenient to pl. novi ng aver age t 18 the
i mage 8f A .?’1'Sb &ep c?iWBV@ScﬂV%ﬁg?heTﬁ%aﬁjé'piyi'ﬂ%"f‘rﬁ@ﬁlagér@nﬁg '$1 one-
19 by-one. O her approaches, such as_a row by-row anal ysis can be enpl oyed,
20 af f &ct imgd@caﬁqfwgrr@ igrade up Af A senas Plappintsy ceph &F Ve IscakAVYSdRdIng
curves 20,21 are determned for the 22 selected colum 11. Use of a 2D
anal ysBs dtsssumsundiag,omoeighhbyng slatmntA rna gima3siondint1dd)naalpeis weeuld

adj acent points in a columm 11 but, also continuity between 24 adjacent
col umg llsihblylBe to suinsthBBh@haityedia 14 chbaeinedwithia &pRidciadhised inteitvag 23

WO 02/ 05206 / CA0O1/ 00982
10 and then repeat that for each point up and down the sample column 11. A 2D
11 analysis averages all of the intensity data within an area surrounding each point
12 as it is analyzed. For the purposes of this disclosure, the concept of an area as
13 a rectangular box is implemented, with the average or mean being applied at its
14  center. This box or filter box is dimensioned as a specified number of rows

15  either side of the point (as would be the case in a solely 1D analysis), and a

16  number of columns either side of the point.

17 In one embodiment it is convenient to apply a moving average to
18 the image of Fig. 1 by selecting each of the image’s individual columns 11 one-
19 by-one. Other approaches, such as a row-by-row analysis can be employed,

20 affecting only the order of calculation.

21 Upper and ldwer bounding curves 20,21 are determined for the
22 selected column 11. Use of a 2D analysis ensures that, not only is continuity
23  maintained between adjacent points in a column 11 but, also continuity between

24  adjacent columns 11,11,11 ... is maintained. In fact, using a 2D analysis, the

23



1 exanpl e col um-by-col unm anal ysis provi des exactly the sanme effect as a
row 2 by-row analysis. 3 Each colum 11 is nmade up of a plurality of

nei ghbor iw@ opai2né s, one 4 point in each col um-i nt er sect paycaoupoIgnch of
which is associated with an 5 intensity value (within the dynam c range).
A first noving average is perforned 6 so as to place a | ow frequency or
snoot héd cxaweld Tolumebygicoluran mealy sty ptdvides/exaollyl thbeszshd pffdealt as aTiows nean
curve divides the raw data 14 into a residual 8 upper popul ation 40 of

poi ntsp t hys@wanNaipgsan intensity greater than the first 9 nmean curve 15.
It also divides the raw data 14 into a residual |ower population 10 41 of
points; those having an intensity |less than the first nmean curve 15. 11
Then aBl iterative proaghssolimngidrisanadelup &fai Muiaditynef reighlvéning pdintsavseage
techni que, to cal cul ate successive and new nean curves for each of the 13

resi dual yper irardch esolduaknteryestingo pow athon «ff whithnis a48odidtedAsvithhan
popul ations 14 40,41 becone snmaller each iteration, each successive nean

curve ki egnghkity 9diuel@uifi Eﬂ@ﬂ%ﬁé]ﬂicfﬂéhbl@‘ﬁrNﬂ%hﬂﬁiﬁ@@v%@bﬁ@'p%ﬁn@ﬁm mal
intensities 20;-20n and 21;- 16 21" of 'the raw data 14 reSpectively. 17 It

IS undgrstQo t fltLi ' u and

t he ex§rrplsgJ %%E#%ac%vgﬁévdﬁde{%ﬁﬁyq(ﬁe&g%ﬁﬁggWﬁgﬁﬂ% rﬁlﬁ]zee@]gggoor}celtﬁgf 19
t hese gptions. are discl osed. below. 20 In greater detail, as. applied to the
det er m9natr?Wn' ?”%‘Weg%tﬁpesg"%Te@GuﬁWSn‘i"V, CEndehRAN ﬁ@‘@ éﬂe%?n@gr?% ¥lgs.
10a - 12b, a noving average 22 technique is applied to the raw data of
Fig. 48&. mneirr@mgatfqngélo 1apoiatst ithege hawing 23 inteRsity aherige fharuthe fits i s
cal cul ated and superinposed on the raw data 14 of 24 Fig. 4a. The result

i s a pértiméah cunfe ¢gudnalgodivides e rawaiaia d¢é ihtecaussidoal pwehgopiation

10 41 of points; those having an intensity less than the first mean curve 15.

11 Then an iterative process is performed, again using a moving
12  average technique, to calculate successive and new mean curves for each of the
13 residual upper and residual lower population of points 40,41. As the populations
14 40,41 become smaller each iteration, each successive mean curve lies shifted
15 further and further towards the maximal and minimal intensities 20-20, and 21;-

16 21, of the raw data 14 respectively.

17 It is understood that other curve fitting techniques could be used,
18 and the example moving average technique can be further optimized. Some of

19 these options are disclosed below.

20 in greater detail, as applied to the determination of the upper
21  bound only, and having reference to Figs. 10a - 12b, a moving average
22 technique is applied to the raw data of Fig. 4a. Turning to Fig. 10a, a first mean
23 low frequency curve 15 is calculated and superimposed on the raw data 14 of

24  Fig. 4a. The result is a partial low frequency curve 24;; partial because only the

24



WO 02/ 05206 PCT/ CA01/00982 1 residual. population 40 of points greater than
the I ow frequency curve 24; have 2 been plotted. 3 In this enbodi nent,

det er m nav® onox2he t he upper bounding curve 20 4 and the | p@EICAbTUMSE Ng
curve 21 are perfornmed in the sane manner, iteratively 5 determ ning
successi ve nean curves and reducing the respectlve data 6 popul ations

40, 41. 1Theredigsiatb pppulation ot0 bheoinpp gredtentitam thee low dredQeapploues 2% feayeal |y
to the | ower bounding curve 21. 8 For determi ning the upper bounding curve
20, the fipsdn plogedis to 9 replace input data that is [ower than the

cal cul ated nmean | ow frequency 10 conponents data. Having reference to Fig.
10b, the resulting data 24; is 11 depicted, and for clarity, the | ower

poi nts3(used for detlarthisnemgodimentode rmtrzatl@@mfcthﬁgmmr\b@uzgimgacpmer?@m
omtted fromthe graph. In other words, the first 13 step is to identify
t he redi duaid theplewgrdmurgingoou8;2aack peléatmec;htn thd sémei mbnnamderativéiyt hat
is conposed, on a point by point basis, of the greater of the input data

and 1% tt@t@rmw@lswcce@bw #&sh | @vateéewen%dgeﬁgomﬁélt r&s t:@e batd hi s
case the first mean curve 15. The resulting popul ati on 40;

artifiga p 1BidiS agotal it déétﬁupn%ﬁl to?ctﬁe 1@‘?@? &fqﬁ BE S 3?0' 9 lie

frequency rrponents at the loc residual “popul ati on

40; rtifi successwe nd 19 new nean curve 24;+1 is
cal cul :Za “ﬂi’ﬁ%éﬁ}ﬂ%& onents of this 20 residual

popul at i on, bei ng conposed of the great er values of the real data |ocal 21

peaks gnd the vall eysoofefchirifyVihs eppen BbuRB R éM/téeZ@%hel firsPBtep RO{oNt by
point 22 basis, are calcul ated and a second residual popul ation 40;+1 is

223‘ I”ts l%ﬁﬂaﬁzﬁ@ghggcfﬁﬁ%ﬁpﬁgqo% _tﬂ%n”ﬁ%% BB Rhteh N Erdas 16 ke RABHE,AL | ON
10 components data. Having reference to Fig. 10b, the resuliing data 24; is
11  depicted, and for clarity, the lower points (used for determining the lower
12 bounding curve 21) are shown omitted from the graph. In other words, the first
13  siep is to identify the residual upper population 40; and create an artificial image
14 that is composed, on a point by point basis, of the greater of the input data and
15  the previously calculated low frequency component’s data, in this case the first

16 mean curve 15. The resulting population 40; of artificial data has detail at the

17  local peaks and has only low frequency components at the local valleys.

18 From this residual population 40; of artificial data, a successive and
19 new mean culrve 24;+1 is calculated. The new low frequency components of this
20 residual population, being composed of the greater values of the real data local
21 peaks and the valleys of the low frequency mean curve 24;.4, on a point by point
22 basis, are calculated and a second residual population 40+ is again created
23 being composed of the maximum of the residual population and its low

24 frequency components.

25



25 WO 02/ 05206 PCT/ CA01/00982 1 As shown in Fig. 11 a, this process is
repeated in an iteration loop 2 fromi to n iterations, each successive
mean cur weopBoi2né ng to becone a previous 3 nean curve 24PCEHSAGHIS2
successive nean curve 241+1 is calculated. 4 The sane iterative approach
can be used to find the lower 5 bounding curve 21. The only difference is

that the first and subsreNERh Fi@S] fiahis Hrokeveis RpRked irPAn 4tblatioh BOD

(artificial images) are calculated as the | esser of the 7 input data and

successl vad ] HARIEY. CAFRAIRRLS AL nRIGFERSE BN HPBodline ShitOictR™

Fi ndi n the u ounding curves I n way produces 9 an
adequat,e cal cul at ed, f ai r\/\a% 22 _as shown in Fi Dy, 7h, 10 E@Cﬁne di mensi on,

for the sdRpfR CHBICMT B LANPUSCSHYMTA! BifYS < 1 SAFICYRE Y pper and | ower
boundi ng curves 20,21 sandwi ch the bulk of the raw 12 data 14. Referring

also tg Fig. 7c, W Uihd eapRelitdrativd Caplob8MIcan Ve ddgo Ad GRBC VA Ons
really take place, the fairway 22 of the columar data 14 can be 14

f
ext ended i i i jacent jve 15
nal yood SRurisfd SERAC ! TR IBRASTEIaCHRIS b EaEuaEsasaIE 12
snoot h_surfaces ma up, 0 ch p.acent upper boundi curve 20, 20,20 ..
17 (208, dRbeE 2eRtipEdhto Aldn LR oasBiire o0 Tated e e 18555 R g
18 exanpl es of the upper and | ower boundi ng surfaces a20+, 21+ re Figs. 8a
and 19 gbnpvledplacand skgcessiveriow fepdaREACARMPONBBINRf WC@%WQSCUZYESZ%GHM
surfaces 20+, 21+, 21 are used interchangeably herein and generally reflect
t he colt extb 26,. tFiedimgaboibitse UPPeproddawer bavhding onhegshiorthisheay mugdudes
anal yzed on a line-by-line 1 D curve basis 23 or in 2D sinultaneously
defini @y saH hasqath ValidtcaifgiResy RRMEIASRSVN in Fig. 7b.

10 In one dimension, for the sample column 11 and as shown in Fig.
11 7b, the upper and lower bounding curves 20,21 sandwich the bulk of the raw
12 data 14. Referring also to Fig. 7c, with respect to the 2D image, where the
13 calculations really take place, the fairway 22 of the columnar data 14 can be
14  extended in the second dimension (adjacent columns) for each successive
15 analyzed set of raw data 14, and is analogous as the volume between two
16 smooth surfaces made up of each adjacent upper bounding curve 20,20,20 ...
17 (20+) and each adjacent lower bounding curve 21,21,21 ... (21+). Image
18 examples of the upper and lower bounding surfaces a20+,21+ re Figs. 8a and

19  8b, respectively.

20 The nomenclature, bounding curves 20,21 and surfaces 20+,21+,
21 are used interchangeably herein and generally reflect the context of the analysis
22  process, such as whether the image is analyzed on a line-by-line 1D curve basis

23  orin 2D simultaneously defining surfaces for efficiency purposes.

26



26 WD 02/ 05206 PCT/ CA01/00982 1 In this 2D context, the criteria can be
restated in a slightly nodified 2 form being: the maxi nrumand m ni num
boundi ng want/ees 20+, 21+ are made 3 of | ow frequency cobP@DEAnt/@982 he
maxi mum and m ni mum surfaces graze the 4 |ocal extrene data points
(201-20" or 21;-21 n); and the fairway 22 separating the 5 surfaces is

close §o the extrendnhiHsEs cohtekhendatiterd ¢dh Bary¥statetml 4 sWoQﬁiedﬁ _
outliers 23 ending up outside of the volune between the surfaces. 7 Having

ref eregce L] - final .iterat ! ok Xi mum
boundi gg cféﬁp/’e%lggt ﬂéet H‘?ﬁ'ﬁ@?} %@@&{b orﬁ %cﬁl@d@% tS g:??geééggl\e{'ez.mg&rel@aﬁé

Det er m_ni n lthe O der of a Low.Frequency Curve 11 As stated, o

convent’i o Ioﬁ'pfﬁ?%lé%n?yt%orl}@?%?Wn gmwgmeaﬁ%ﬁ‘al{/"mli@ %%fﬁ%ﬁeﬂ%geotpea dat a
set is to use a noving average technique or filter,  sinpl 13 st at %d to:
consi dér dogrldienst datrePreitsa(20-KEn Pﬁgé'e??n)b@%m%fﬁéwggzé\?gpﬁbaé‘n@ft hi s

14 subset (average intensity); and place this value in a second i nmge data
array at sibfacke is elvsertodhe textresueh sgesmidheidata mdiht 9nly alsmal enumzar of
straightforward two di nensional (2D) inplenmentation is 17 to use a filter
box hagi ngpwiers@dderdingep qitsigeioftise volusrchetaicehtie saaess] col uim 18

di mensi on, nmaking the nean point easy to determ ne and index in various
data 19 arrays. For convenience, a_rectangular filter box is disc]osed,
the avérage of the Havipgiraiesengs o hio: Adbpiie thaliigratignedPaerds YRaViiha
result being stored at the point 21 |located at the box's center. The

cent er 8of mbrirmow begndingrauee PDIthalrsdiisfies sanmvéthe afteda @bovde point and a
new average is then calculated for the next output point. 23 Efficient

al gori tghms ensure that repeated calculations are mnimzed and in this

10 Determining the Order of a Low Freqguency Curve

11 As stated, one conventionél approach to determining low frequency
12 components of a data set is to use a moving average technique or filter, simply
13  stafed to: consider a subset of the data (the image); calculate the average of this
14  subset (average intensity); and place this value in a second image data array at

15 the center of the subset (mean intensity).

16 The most straightforward two dimensional (2D) implementation is
17  to use a filter box having an.odd number of points in each of the row and column
18 dimension, making the mean point easy to determine and index in various data
19  arrays. For convenience, a rectangular filter box is disclosed; the average of the
20 points within the box being calculated and the result being stored at the point
21 located at the box’s center. The center of the moving average filter box is moved
22 over one point and a new average is then calculated for the next output point.
23  Efficient algorithms ensure that repeated calculations are minimized and in this

24  sense there may never be a physical manifestation of the box. This process is
27



24 sense there may never be a physical manifestation of the box. This
process is 27 WO 02/ 05206 PCT/ CA01/00982 1 perfornmed for all points in the
i mge. Owep2ehrzapes, such as circles, can be 2 used and mei/ghvEeIsy er agi ng
schenes can al so be used as well. 3 The size of the box determ nes whether
the order or frequency is 4 low or high. For instance, for the 1007 data

poi nt s 1of ddreeanil &lICEbHMNIPthd anagd. 10Mer shabas, duth ldsetirdex &dn b3
poi nts woul d hypothetically result in two mean 6 points or a I'i near curve

of ze19 11 Qe BhRIIhAGABlo Qheiis: 44 2isBlhd (B8ead ey 7 and obscur i ng

any contrast vari AEons oX 1s nerely one or ree points 8 wide,
the mean would be virtually identical to the raw data, resulting-in a high
9 freqg@ency curve wiihehsizewfdhadioxpdeiseninest weethec dhe dader at frajliencihis

choice of the 10 size of the filter is discussed in greater detail bel ow

11 A magvi ngwateigleFbt InNsBinc) frthb S| 003YR8 V8IS oPfRCEXARbleVRANRTT?EW 12
i ncl udi ng: one being that there is no data past the edges and thus

art 118l 2linpdBabEChntiieBed’s S0 aiAg la%ﬁ#ﬁ%tﬁcat:{)erﬁgaw.mmugé%ﬁ

conponent S ear ere Is

conput ational, i neff.icienc 15 man dund addi vi ng
rof or efice REEi gea nga% 'd'x’fzf%“ ST ERab e G b4 Tein 3 Enoga i th
in the _current inventionis to mrror the data at the end points or

i mage Hor i ObgeuragpRma FontEastavaiatiaps ( ity bex i mareleensRr émfeﬁsomaﬁsger
than 19 the dinensions of the inmage data. The inmage data is stored in the
array W t hwid2othuhidan eould bemidvallyl idehticalttotthe femgdais, wgsueitiog an a highend of
the image data for 21 the mirrored data. The anmobunt of points mrrored is

dependent fppercheusiez®hizh wdddirnoe pressrig ttaviecaogathidttafir Thechofde best as
many points as'/2 of the filter box size

10  size of the filter is discussed in greater detail below.

11 A moving average filier analysis has several practical weaknesses,
12 including: one being that there is no data past the edges and thus artificial
13 techniques are required to calculate the low frequency components near the
14  edges; and another being that there is a high computational inefficiency, due to

15  many redundant additions.

16 Having reference to Figs. 12 and 14c, the way that image edges
17  are dealt with in the current invention is to mirror the data at the end points or
18 image borders. A temporary data array (imag) is provided which is larger than
19 the dimensions of the image data. The image data is stored in the array with
20 sufficient room available at the beginning and at the end of the image data for
21 the mirrored data. The amount of points mirrored is dependent upon the size of
22  the moving average filter box. At least as many points as ¥z of the filter box size
23  (dimensions of col_pad and row_pad) must be mirrored to place the filter box at

24 the image edge and still calculate a mean and store it at the imége’s edge.
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23 (di nensions of col_pad and row pad) nust be mrrored to place the filter
box at 24 the inage edge and still calculate a nean and store it at the
i mge' s auge2oes WO 02/ 05206 PCT/ CA01/ 00982 1 More parti ceCECAy1/00@8ad havi ng
reference to Fig. 12, the original input 2 data is the sane as previous
graphs except that there is a larger range of point 3 nunbers; for the

878x10Q7 poi nt i mageviefe particuthrly 98hd8aling PefdindL@Arigy €2, ﬂwertvr@wéﬁn @wer
than point 1 and beyond F'Itj_;%le |maég edge o? 1007. The ?% rrored 5 dat% 44 i s

shown Er' Qilahe ex Qémét%]pré’\‘/flcf@ %l%ghgtexﬁggg El'%;f; tﬁi&'@%ﬁof ab%e g o‘feﬂc}n‘\tcal 6

| i nes ra ar cla I's ex t mrror

i mge qQf the at , |chran es fr 0|ntsl 007 on. this

or ah. g TR oy S Sxne PRt BtRna) TR ﬁarm'agtwio Hagedles o
because the resulting artl fici aI mrrored data 44 has siml

char acther iimbersilgwepthan poink 4| anhbavand thecimagengdoe 9é 18@7ntTh%n‘tH’6@rﬁEj
contrasts between real data-and-artificial 11 data or artificial

dat a- afd- alata fidds shodatpricsde poind 1samebatier pdiat 10@0ad denptadby belid vertiaal ual

i nput raw data; and basic statistical qualities of the input data and the
13 artigfi dinek Bfat Therexted aitifiekal dath Mbaxautly A pomtdyidintemirtdr iAmgeett fherth in
the sanple Visual Basic (Mcrosoft Corporation) 16 code of Figs. 13a and

13b, the n@sr@hbd, Wich FArRids FigUhB bR G ubegrlsle 17 more ef fici ent

t hrough' t he repeat éd use of val ues cal cul ated once pplied 18 many
times. This determnation is also referred to in the pseudo code of Fig.
19 14a8as subrouti neltg$ froirzdimg ishene ysaclicad veay tulhandle Hee ippee’s aadbdsowner
20 boundi ng curves 20,21. Mrrored data 44 is generated all around the
edges of pBrkaube thepgsuldly abtificinl suiftbred eata M4imbersifiar charastedsticd Wit t o

satisfy at |least V of
10 real data 14 including: the point to point contrasts between real data-and-artificial
11 data or artificial data-and-artificial data are the same as that found within the

12  actual input raw data; and basic statistical qualities of the input data and the

13  artificial data are similar.

14  Moving Average Filter

15 - As set forth in the sample Visual Basic (Microsoft Corporation)
16 code of Figs. 13a and 13b, the normally inefficient moving average can be made
17  more efficient through the repeated use of values calculated once and applied
18 many times. This determination is also referred to in the pseudo code of Fig.
19 14a as subroutine effc 2dma when used to calculate the upper and lower
20 bounding curves 20,21. Mirrored data 44 is generated all around the edges of
21  the image 10, by a sufficient number of rows and columns to satisfy at least ¥z of

22 the anticipated dimensions of the filter box.

23 Once the image has its edges mirrored, then moving average

¢
24  technique can be applied to find the low frequency bounding curves 20,21.
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22 the anticipated dinmensions of the filter box. 23 Once the image has its
edges mrrored, then noving average 24 technique can be applied to find

t he | ow fwequesrteey boundi ng curves 20,21. 29 WO 02/ 05206 RCICAMN@HEN982 1
Applied nechanically, a noving average technique is conputationally
inefficient 2 as there are many repeated cal cul ations (additions). This is

of partli cUA@licdoneehanicailas MARINEPadIEgeIeERigud ’C bovhaURitioAallpiresfidkeed i n
an iterative process. 4 Turning to the pseudo code of Fig. 13a, at A, the

overal b i erc%apé H%\:@Lrﬁgéat%ﬁ%éléﬂléﬂog"si (ﬁ?ggﬁﬁﬁfe”’pﬁ'iﬁ%‘gf Qﬁi{‘,war Behegthng the

mrrored data o 6 I on rows-pad. ter box col umm

di [ initiali : bg_al A I i
aver agé 1175 P BBYREER RS rnE S PRYSS8 War MR B s Rt a6 hote
that in the least efficient application of the nmoving filter, the 10

i ntensyty val ues forT@ngigPeethedbsdudid ROdE1oDFigor 3a, RAXA ofhePoVérall ifigs, the
filter box, is 11 sumed. In such an analysis, the surrounding filter box

of PO BLS difhch BEI-RTEAI Giliat 2088 RARNAnd Sl PRERHIG 1M THRSEH tilaGan i s

cal cul ate he nunber o operations Is éac nber of poi nt

additign and a division o he.pean. 14 Effj.ciency is inmproved by
cknowPedgi Mg sl Fuaeaty I AER ISl Par ool sisfaphsidis Bl ans
are repeated. 16 Having reference to Fig. 13b, in a known and basi.c,
concept/, iG2bg gd cden; A reiang\dar Movig ayeraggdiiiepboxwith upiferm weighting 5
filter box having a denonstrated 18 dinmension of 1 row by seven col um
poi nt s SBBEBBBM®)4s appligtred (7 additions) 19 and are divided by 7 to
determ ne the nean, as indicated in a highlighted square 20 at the center

of the BBBBBBB. Vhenythey il fhe ISad WHHGIR 552060 S tHE Mo biR§ filter, the
10 \intensity values for a subset of a line (1D) or a box of points (2D), the filter box, is
11 summed. In such an analysis, the surrounding filter box of points is incremented
12  one point, each point is summed and a mean is calculated. The number of

13  operations is each o the number of point addition and a division to get the mean.

14 Efficiency is improved by acknowledging that the bulk of the filter

15  box averaging calculations are repeated.

16 Having referer.‘wce to Fig. 13b, in a known and basic concept, in 1D,
17 is that for a row of image points ITI111 ..., a filter box having a demonstrated
18  dimension of 1 row by seven column points BBBBBBB are summed (7 additions)
19 and are divided by 7 to determine the mean, as indicated in a highlighted square
20 at the center of the BBBBBBB. When the filter is incremented one column, the
21 value of the point in the leftmost column is subtracted from the sum and the
22  value of the point in the rightmost column is added, all of which is again divided
23 by 7. The result is only 2 arithmetic operations and one division. For larger filter

24 boxes, this results in large computational savings.

30



21 value of the point in the leftnost columm is subtracted fromthe sum and
the 22 value of the point in the rightnost colum is added, all of which

i s agai nwidvraeds 23 by 7. The result is only 2 arithnetieCOpapsei9sns and
one division. For larger filter 24 boxes, this results in |arge

conput ati onal savings. 30 WO 02/ 05206 PCT/ CA01/00982 1 Applicant has

i nproved this known glicarchad PnmBREY this ke aimbré&hﬂ)_émi%wmloﬂ@m Wit to
an entire imge 10 whil e avoiding repeat calculations in these 3 very

large grrayy %mgﬁlgﬁé@ h éﬁtiég&ggg ﬂﬁ%fﬂéé&@iﬁﬁﬁ Adpdbt &?\Eﬂﬁa’h&ﬁé irPfRkyses

resultfromei row an um approach™or "a colum and row

approagh. In Fig. 13c luyrality 6 of filter subset points in adjacent
r ows (gevevr?%,:ada? a{rﬁwgg?gﬁrﬁ%v center and three 7 above) are sumed and

then the resulting row suns are sunmmed across a 8 plurality of filter

columg (7 w de). RafbhhibaddémohiteateatRaCibrtitatathiyRaNesUR fron kitBer 43d a
plurality of filter subset points in adjacent colums (seven w de, three

10 | ef & of ight e Sulk i col um
surs. 1" PP EELoIBRE SHSBECH ofaiohiihf STBRF oL EieE 1oE 4 oldsahye ! 5T
illustrate 2D licati.on of a rowby-row.traverse of th 13 efficient
cal oul Bui ot TghFuae Ao a8 Arfaselt V-5 VeRdio st Boffiv etippAtt Froshe
approach illustrated in Figs. 13d, 13e are only visually 15 -illustrative
of a ndvi rRPOYEe g eSUBFIRH; 4@ tappithe JesHlting, roae sUEIS) §re s¥MuERM 1FEr0Steaseen
in the code in Fig. 13a at C and D, the analysis is actually staged into
two 13 i tpudityef Sfepsolanhsa(7nwide)! | Rasulting dn dpe sbgne waloulated tmeareriat i ve
step, at C, one dinensional filter box colum 19 suns are cal cul ated for
the pl oralfigy18d apsiurdlisy of filterisubtet pointein Adiacehtraanng (seveh wide, three

10  left of center and three right) are summed and then the resulting column sums

11 are summed across a plurality of filter rows (7 high).

12 Fig. 13e illustrates a 2D application of a row-by-row traverse of the

13 efficient calculation approach as described in Fig. 13b for one dimension.

14 The approach illustrated in Figs. 13d, 13e are only visually
15 -illustrative of a moving average technique applied in 2D. Actually, as can be
16  seen in the code in Fig. 13a at C and D, the analysis is actually staged into two

17  iterative steps and a normalization step.

18 In a first iterative step, at C, one dimensional filter box column
19  sums are calculated for the plurality of points within the filter box dimension, and
20 are stored in the array (stot). For the entire image, each successive filter box
21 column sum is calculated using the efficient 1D approach. The array (étot)' is

22  indexed by the center point for the filter box column sum.

23 In the second iterative step, at D, for the entire image, a point by

24  point moving average analysis is performed, effectively determining every
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20 are stored in the array (stot). For the entire inage, each successive
filter box 21 colum sumis calculated using the efficient 1 D approach.
The arraw@sreo2de i s 22 indexed by the center point for tpheT/fAbt/e98hox
colum sum 23 In the second iterative step, at D, for the entire inage, a
point by 24 point noving average analysis is perforned, effectively

det er myni rraoﬁﬁgraweré’ée YEhRZNOPA0RAETSiRENE88Y. IFdraddidany @vagepsimeve in

the i mage sinu taneously For each and every point, 2 as shown 'in Fig. 13e

for a ﬁnapaégl‘,?é dn abg ﬁ@% e até?weé FARdiesr B 8894’[“{% ﬁl'tgpsig%)? C&I?J | ow

t he point pol n are surme e Co suns
fromthe st ra The di n_ b e er of filter box oi ts or 5
nor mal B adeih BFER e Ridet whd wﬁﬂgovyepﬁ}e edlp ag%ée@&?i 'm&‘fhpet UG
efficient 6 caoncept is applied_by subtracting each previous filter box

col um4surfiisirogndhe stalairay. ebled divisiershy Jee qumbey ehilterapexPRints PN oop
traverses, and whether on a 8 columm-by-colum or row by-row basis. 9

Fi nal | %, ewmrryalipaﬂon siep is et yabdend. - arcranhl sunedssye tpointnthebeamefeffidentpoi nt s
(npts) in the filter box. 11 Referring nore particularly to the code in

Fig. 18a, atincépt isnapgplfdd by subRatiesf edch pesviolofilter bok @ofinhe @dm sivagmddat a
for nei ghboring colums is summed 13 (the filter box colum sums or

partialy s nd Qéci? Qﬁcé%ésﬁ\ﬁsr sissShetdfdidtdo Ioéﬁm\/%rse]sdf 208 Whthédon -Ehe

first nested l'oop (1co2) calculates the partial sunms for points in

col umg, ei d t g%’? m direction (the wi dth of thefllter
box) , % éma y(?odgrtrrﬂ dP h?%v”%%%té tion for the first columm of the

i nput daft a. The second . 17 nested loop (irow) then increnents the parti al
sum rogtine, row by-Fipmliansienp pol inheCiedags ishabmesiethey ithagrinhbar 6.

10  points (npts) in the filter box.

11 Referring more particularly to the code in Fig. 13a, at C, in a first
12 nested loop, for irow and ico2, image data for neighboring columns is summed
13 (the filter box column sums or partial sums) for the filter box of the first sample
14 column 11. The first nested loop (ico2) calculates the partial sums for points in
15  columns either side of the sample column direction (the width of the filter box),
16 and at a particular row position for the first column of the input data. The second
17  nested loop (irow) then increments the partial sum routine, row-by-row and up

18  the column between the image limits.

19 Next in C, the second of the nested loops, for icol and irow,
20 calculates the partial sums for each successive column. Here efficiencies are
21 improved as described above; as one moves from .the first column to the last
22 column, and re-calculates the partial sums, the new sum is merely the last sum,
23 less a trailing point and plus a leading point. More specifically, in the innermost

24 loop of this second nested loop, as the central point only moves one position, the
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19 Next in C, the second of the nested | oops, for icol and irow, 20

cal cul ates the partial suns for each successive columm. Here efficiencies
are 21 iw@ppeRds as descri bed above; as one noves from t hecticast/ooogd unm to
the last 22 columm, and re-calculates the partial suns, the new sumis
merely the last sum 23 less a trailing point and plus a | eadi ng point.

More speciddrfial bimsir e e dreffentad 4P Box afd thdisanfeagttopsinbethel 00p,
as the central point only noves one position, the 32 WO 02/05206

PCT/ CAQ1/ Q0382 L fﬁﬁt;él'eg{erﬁgw Oagﬁptéb‘%{ﬁime 'ol]{?éf('arlfrf(;a%géllenf\dﬁ @%)420)%%% the

sanme as droppi ng I"enen

current, | ast eIe nt_..(,1 co4). this each part.i al nl.y. done
the ong ¢ WY 2R é@%&m s o BABS s oS H8 goBdior e Bk e Hutis”of
operations for the partlal suns are very nearly 5 equal to one addition
and oné subpYe@t i bie felal anerbpesorinereratiohs fphﬁ@% paétlaitsm e Yary dieaslix suns
are perfornmed. Note that a calculation 7 consum ng separate step i s not

requi r &d tegushtabne sybitionadrel ére sublsadtiontfor epdx pomin thedimagesi ons as t hey
were done at C and indexed in an array (stot). The first 9 nested |oop at

Dcalclatesthefll onblnln the partial f.rom and the
suns . f O nei ghbori ng&tp@ ﬂ}e f'&% 5% SPPT% Fe B&&fgffaﬁdr ougygﬁ?a&o%loﬁﬁ:é&qq}?@ first
11 row. 12 The second nested | oop at D then successively cal cul ates the
full 73 feansermiBgsesarae SEP SRotTBSvired 19 RBiATsFURISAIB G erTTIeR BOKESW of
the rows. Again, 14 this second step is again done as efficiently as
possi biBe. digansonseas thdy meratdafe atle aheé indéxast irbar amdy (stof)esThadirst
position, the new sumis the sane as dropping the 16 previous first
partialg sumedted dsop ant esldulaged the filestbauby eombdngithé psutal (SunsHronlT
Accordi ngly, now between C and D, the total nunber of operations

10 and the sums for neighboring points in the filter box for rows straddling the first

11 row.

12 The second nested loop at D then successively calculates the full
13 filter box sums for the rest of the columns and for the rest of the rows. Again,
14 this second step is again done as efficiently as possible. As the central point of
15  the filter box only moves one position, the new sum is the same as dropping the

16  previous first partial sum (iro5) and adding the last current partial sum (iro4).

17 Accordingly, now between C and D, the total number of operations
18 for the full 2D sums is very nearly equal to only two additions and two subtraction

19  for each point in the image 10.

20 Finally, at E, as we want to know the average of the summed data
21 and not just the sum itself, we must divide the sum of the intensity by the number

22  of points summed (npts) which is the area of the box.

23 Using the above technique, one does not need to physically

24 maintain an intermediate filter box array of intehsities, nor the calculations or
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18 for the full 2D suns is very nearly equal to only two additions and two
subtraction 19 for each point in the image 10. 20 Finally, at E, as we
want to Rwmowe/oites aver age of the summed data 21 and not | RET/CAhEBOM®SAN
itself, we nust divide the sumof the intensity by the nunber 22 of points
summed (npts) which is the area of the box. 23 Using the above techni que,
one dods ngeratets to podaceathkin. 2Fhavotd adperatiomsitreqoiest dbe tihé | mevingox
array of intensities, nor the calculations or 33 WO 02/05206

PCT/ CAQL/ 0RR84gd iOR&AA} £0aI folorly A4EAtiEMGSUbTARIchSt}d PRAViEbA PP pomstui r ed
for the noving 2 average is nearly equal to only 4 additions/subtractions
and 1 divi.si,Qn; pql j ' - a, of : y:.-point s
are avg'r adgéﬂg,&@g ?dﬁlﬁg%\wé”%éﬁ@]&e\ﬁ rﬁé‘@g %mf)% 3% ér\gévr?ﬁ%d'a\'/ﬂ\eér&g}é&e[ g’c[tngtﬁsm ar
box of 81 by 101 points (about 10% of the i,mage dinension which is
ot unfleasaiatie RoMNGatSags redhnagier boser B BV e Dot 10% ¢t ERent
novi ng _average technique woul d have required 8,181 7 additions and 1

di vi si &n pEIgSofimensionsie Whiglyls nokyarerspanblesiorHbis sefbaftanplicatiors thed 1
now possi ble. 9 The problem of the conputational inefficiency of the 2D
nmovi ng 6 10nawel agefficiéntermowng hasesglev ddchnitye t vouldnthraxgu cegoinedf 8dB1ext r a
hol ding inage data 11 array (stot) for the subtotals. 12 This technique is
repeat gd fgddigsedandd eviiioh pERPBINE ah WHd ihBgé hEa%éia VaTaEE thel fespbbtivd @r at i ve
Techni que 16 As set forth in the sanple code of Figs. 1l4a - 14c and

def i ni ig ONg 4 1 now possible.

9 The problem of the computational inefficiency of the 2D moving
10 average filter is thus solved - by the introduction of an extra holding image data

11 array (stot) for the subtotals.

12 This technique is repeated for each and every other column in the

13  image.
14

15 lterative Technique

16 As set forth in the sample code of Figs. 14a — 14c and definitions
17  set forth in Fig. 14d, the moving average filter box dimensions are set-and the
18 moving average mean curves 24-24, and 26-26, are calculated and are iterated
19  upwardly and downwardly to form the extreme upper and lower bounding curves

20 20,21, extreme curves or extreme surfaces 20+,21+.

21 The filter box dimensions can use predetermined default values.

22 As is shown later, enhancement of the image 10 is rather insensitive to even
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17 set forth in Fig. 14d, the noving average filter box dinensions are set
and the 18 novi ng average nean curves 24;-24n and 26;-26" are cal cul ated
and are iwepzao®ds 19 upwardly and downwardly to formthe BPgT/CangogPer and
| ower boundi ng curves 20 20,21, extrene curves or extrene surfaces 20+, 21
+. 21 The filter box dinensions can use predeterm ned default values. 22

As is ghovardeavatiatigtizhehtiemBok sife.t MridregraikOtyipe oRin&de, et valget o
even 34 WD 02/ 05206 PCT/ CA01/00982 1 |arge variations of the box size. For

a certain Iyagcaf ab §blee%egéﬂ Qult value 2 produces acceptable results. 3
Havi ng ref erence to 14a at F, one convenient way to reference 4 the
filter box size is to set it as a fraction of the dinensions of the inage
10. Bo® 5 par anet eridavingsefeaehcani Kigl $4aatFaore caheenianhieday tomefetemceunber
of image 6 rows and columms; sinply as a percentage of the di nmension

di vi ded bythkViliteB BoRSizelistto sRE R\dste frabgor afﬂ@@iﬁiermrmisqsf,th@iimagé 19l oxof the
box's center. Note that this is 8 also how many data points 44 at the end

o Nt s ot halarafRAerSOrR, Walt" P LolcdpAll Fro BRI PR RulREE R drigeno! d

vari ous terrpor ary ver si I mage at a. or conveni ence,

vari abI es cm.n rmn 11 we en.so .t i ndex

val ues 6 or @S und P8 mes s Y%a@a"@%?magﬁr?f?fﬁ%mﬁ%n%sm Mg éYﬁ%%SP@age 10
or mrrored sized dat arrays are the sane. is. 13 understood hat the
ot or agd. | roRIPHECANG TabPr geBRODNEg, Gim el Nanhges SaHonio dngohiftar
rows and intensity data are extracted fromdata files or image arrays, 15
i s system alsd honogeasndiataypoiatayth gethepend poifs thabneedits befmiwereth i s known to
16 those skilled in the art and is not detailed herein. 17 As defined in

Fi g.‘ 1£éa’ | mage_wr klAf: 8?%lﬁ‘iayrﬁlmltgearrea<¥<\§f%%aa}b hold various temporary versions of
10 the image data. For convenience, the variables cmin, cmax, rmin and rmax
11 were chosen so that the index values referring to the same data point in the
12  original sized image 10 or mirrored sized data arrays are the same. It is
13 understood that the storage, reading and writing of the original image and how
14 columnar, rows and intensity daté are extracted from data files or image arrays,
15 is system and programming language specific, the means of which is known to

16 those skilled in the art and is not detailed herein.

17 As defined in Fig. 14a, image_-wrk1 contains the raw data,
18 image_wrk2 contains the current upper bound data, image wrk3 contains the
19  current lower bound data, and image_wrk4 holds the filier box sums for efficient

20 processing. These arrays are initialized to the mirrored dimensions.

21 At H, image_wrk2 is initialized to hold mirrored raw data and then
22  routines data_mirr and effc_2dma calculate the moving average of the mirrored
23 data and place it in image_wrk2, which is then copied to image_wrk3. In other

24  words, at this first stage, the current approximations of the upper and lower
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18 image_w k2 contains the current upper bound data, inmage_w k3 contains
the 19 current |ower bound data, and i mage wk4 holds the filter box suns
for effi ov@n2/05280 processing. These arrays are initializeBCT/cAbH@984 rror ed
dimensions. 21 At H, image wk2 is initialized to hold mrrored raw data
and then 22 routines data mrr and effc 2dma cal cul ate the noving average

of the1m rgx@icsk sddacky 20-82d+RraCat this early FOGR, Avekidentidt] eihdl Simiphesqealpi ed
to image wk3. In other 24 words, at this first stage, the current

appr oX AL ARS nRivisd Sy HPRE MBAN LRRETS. TR RINSRRR0GRITT) CAMd 8RS Fr!
A +,§§+ identical an

extreme surfaces are, at this early point, are si mply

equal ,2 tp. th Vi average nean curve 15. The subroutines are only
cal | edsonéﬁefsggeggehﬁge%c&ke of efficiency. 4 At I, atolerable failure

rate, frat, for outliers 23 is set to an arbitrary 5 value of 5% (for

ei t her 4above or bel QI atbRralaé waiture fratd) €ralf f5F B0MIBMR 291g 86t foih afbifrgrysuch
that as long as the failure rate, during the iteration, is not huge, no 7

probl e&s arf,e¥psel GOFSher™SIVR, 8 BeBWIO THRPRAWFIHE AEnRldyraME R opwer 8
rrd? , “whi c and I

surface maxi num paraneters, surf e noi se. S paraneter
is 9 described in.more detail below J the iteration is, initiated.
13 51 s e Breoh e "B, 8 e Dok SlBhy B o0f bl 1B
array _12 irr&q_wrkZ i s | gaded u&vvith the greater of the residual

popul at’i orPrEPIEHR are16xapencesl. t HBeragfe | %?é!PP%'hS‘ES@?C%Fn'FH@”Up?{@r lawgrt ace
20+. The lower surface iteration array 14 imag wk3 is |loaded up with the
| esser 8of sumEceasdxiTnim papmmaicrsrsusfl nodif, detigh daadielpisee Thiseparametet isr at i on
51; of the lower surface 21. It is this first step that forces 16 the data
i n theot wadescribgs it mdve debwl bgdp@t and | ower surfaces 20+, 21+,

10 At J the iteration is initiated.

11 At J1, the first step of the iteration, the upper surface iteration array
12 imag_wrk2 is loaded up with the greater of the residual population of data 40 and
13  the last iteration 50; of the upper surface 20+. The lower surface iteration array
14 imag_wrk3 is loaded up with the lesser of the residual population 41 of data and
15  the previous iteration 51; of the lower surface 21. It is this first step that forces

16 the data in the two arrays fo be the upper and lower surfaces 20+,21+.

17 At J2, the second step of the iteration, the data in the two arrays

18  are mirrored.

19 At J3, the third step of the iteration, the low frequency components
20 50,51 of both residual upper and lower populations 40,41 of artificial data sets
21 are found. The two latest approximations of the extreme upper and lower curves
22 20 are output from the subroutine effc_2dma and are stored in the arrays

23 imag_wrk2 and imag_wrk3.
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17 At J2, the second step of the iteration, the data in the two arrays 18
are mrrored. 19 At J3, the third step of the iteration, the | ow frequency
conmponentwO 0205260, 51 of both residual upper and | ower popRCEICAON®IED, 41 of
artificial data sets 21 are found. The two | atest approxi mations of the
extrenme upper and | ower curves 22 20 are output fromthe subroutine effc
2dma_and are stored AtnJéhehar fayth s2&b,i theg_mink@uandandagaxinkién S6fases

02/ 05206 PCT/ CA01/00982 1 At J4, the fourth step, the m ni num and maxi num

surfaces Zb+29+ aﬂé’r@dﬁrédel@%é\%dattI@aé’taélgp@élﬂé&ﬁﬁhmﬁjrﬁ ReehFAtR $UrPinmyem
separation surf ndf f 3 Whenever the surfaces are separated by I'ess than

th t ted
Lhe A T g%@e@@széuﬁcgs e oy e A Rty
noi se,.. end aled to th dynami c

e 4o ’i@%ﬂf@ e ANt BudRSh HitRey e Baaibied L "The

four conditijonal statenents at the end of the nested | oop 8 readjust
t he suPfadBEIMHME Wéh%i?#\{"i*ké?%}g”'ﬁ@ﬁntp\@é’?ﬁt'ﬁﬂ% Pessbly qven pRige; 80g %P@@Qnent

9 pushes one outside of the dynam c range. After this step, the two
sur f acés vidaled Otheefud etysemie dahgye.ailhisesaparatien is donesyaeheidcalerhalihiere. 11
This fourth separation step J4 also aids in convergence of the 12

i terati7on @ghi $urfaid. €Fie olredonditiadal dft tatcrn@tistan thdiepdasirihe ¢ldstst lopl  be
found outside 13 the adjusted volune between the surfaces 20+, 21 +. 14 At

J5,  the f 'rfeEBJV\D Sur?&ljf‘é‘cé%‘ﬁmﬁé Lﬁ’]ilkél? lEI]J es ao(%\PéP‘i’ﬁe Bfe\ibigs MGJugﬂsﬁen’[15

bet ween the t aces 20+, 21+ es ure rate. THhus,

proces # h%gaq"?%r Sullad E‘Fth%e&Fnea?mU}%Egé.h%Fe‘#rtﬁﬁnéteﬁ‘,t Wl Bhrrdds \%ﬁ[t reme

surfacés
10  be separated by at least the minimum value everywhere.
-1 This fourth separation step J4 also aids in convergence of the
12  iteration as it is less likely that data local to this correction will be found outside

13  the adjusted volume between the surfaces 20+,21+.

14 At J5, the fifth step, the number of outliers 23 outside of the voiume
15  between the two surfaces 20+,21+ establishes a failure rate. Thus, the process
16 is aware of the degree that the current attempt at the extreme surfaces has failed

17 to contain the data.

18 | At J6, the sixth and final step of the iteration, a determination is
19 made whether the iteration should continue or if the &urrent upper and lower
20 bounding curves 50,,51, are sufficient. Simply, the iferation will end if the
21  iteration flag (itrf) is set to no, otherwise the loop repeats the do loop of J1. The
22 itrf ﬂag will only be set to no, signaling convergence if one of two conditions are
23 met: if the failure rate on both the positive and rnegative sides is less then the

24 acceptable failure rate; or if the number of iterations is too high. In this case, an
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17 to contain the data. 18 At J6, the sixth and final step of the
iteration, a determnation is 19 nade whether the iteration should

cont i nue woo 02/6520dhe current upper and |lower 20 boundi ng cReVEaIBOY$2 51" are
sufficient. Sinmply, the iteration will end if the 21 iteration flag (itrf)
is set to no, otherwise the |loop repeats the do loop of J1. The 22 itrf
flag wil | abltrarpeustiertod 10ds usednd isrigpoaavittcgpoineolf, agam, dhatttive faibundi ti ons
are 23 net: if the failure rate on both the positive and negative sides is

l'ess then heherdis 3ot @itaRberthal dud & el Rcoftiahf cdhetionM sy, afbdidieaki ons
is too high. Inthis case, an 37 WD 02/05206 PCI/ CAOI/00982 1 arbitrary

nunber ,of i ISy ik O=Pal.Ataqu I ailure
2 rate3herfgejgpgsor?§?’8?%§béi%&'?@ﬁ?ﬁ%&grﬁ%ﬁf%gastggo% 8?§?égpﬁé§fél)8}éﬂm§pi 1, a
bal ancgr is .. 3 fotun . between the quality of the curve fit and the anount of
ef f or t “ex ¥R AN 'RERME i t erating forever. 5 Once the loop is conpl ete,

the extrenme upper and | ower bounding 6 surfaces 50,,,20+ and 51,,,21+ are

known gnd can be out@Hte EH@IE%‘E)' ig%%n?ﬁeteﬁﬂé@ﬁt?eﬂehﬁﬁe@%di Iblve bbah&ifhgi N
Figs. 8a,8b), or as other conmputer files, for quality 8 control purposes.

Procesg f oy AutRUES i,it?y %@%Egb)&%?ﬁsarfeokn&mpéw cgh 8(% faélg‘igl?(njﬂféhmsgehr’% Bdis

di scl osed herern as"i y those anyone skKi e ar

10 dependent upgn such vari abl es, as _t particylar image for and .di spl ay
T2 hat dvarBiagioes RBs hsetdi Bibe Sath” Ph s otha smag e e dos ALaIy
established 12 the first fairway and second hi stogram corrections can be
per f or Bed GanlohpafReses1 3Pasesk fageubutingsuah fnages HIudispleneri siamegsos Fig.
2. 14 15 Inproved Convergence

9 not disclosed herein as it is known by those anyone skilled in the art and is

10 dependent upon such variables as the particular image format and display

11 hardware used. Now that the upper and lower bounding curves are established

12  the first fairway and second histogram corrections can be performed to enhance

13  the image of Fig. 1 and produce the image of Fig. 2.
14

15 Improved Convergence

16 ~As can be seen from multiple curves of Figure 11a, the iterative
17  solution converges somewhat slowly. There is a computational incentive to get a

18 faster convergence - more movement per one iteration pass.

19 In a modified approach, detailed in Fig. 15a, the data analyzed for
20 the next iterative mean curve 60 is not simply the residual data populations
21 40,41, as in Figure 11b, but instead comprises an exaggeration of the data. The
22  difference between the extreme points of residual data 40,41 and the curve
23 50,51 of the current iteration is multiplied by the humber of iteration passes. This

24 makes for a quicker convergence as each pass gives more and more correction
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16 As can be seen fromnultiple curves of Figure 1la, the iterative 17
sol ution converges sonewhat slowy. There is a conputational incentive to
get a 18dayo:ne convergence - nore novenent per one iterpCT/oAaopem®s2 19 In
a nodified approach, detailed in Fig. 15a, the data anal yzed for 20 the
next iterative nmean curve 60 is not sinply the residual data popul ations
21 40, 41, testhenrdépaiee fhilule poirtsi nFheesl arenphieck®s tarersxeg gbaatnocorxtrt t he
data. The 22 difference between the extreme points of residual data 40,41

and the CuorRctiés i§%e§én9f26%ﬁngHérWi&Qéﬁéé Qhd thalHd Vakead rByldche

nunber of .iteration passes. This 2 kes for a quicker convergence as

h ' ' 38 WD 02/ 05206 PCT/ CA01/ 00982 1
each pass g@*ﬁ%&a@% 131 dF%h d&}ﬂ%ﬁ?r‘a’n@%

to there ure points: ere are checks to ensure that no extra 2
correction is beyond 20% of the dynamic range and that no value is repl aced
3 withd4a val ue out silsving réfeerdertaritigs.r tozge17 Avhiaw apgliseicetrenae tiataFofgs.
15a - 17, when applied to the raw data of 5 Fig. 4a, this nodified

approagh tmgkaganihis hddifshbpsachOboRUhly 2 EHBYGHEB0(-60gto cBniérBe (ipfg. _
contrast to the previous 10 iterations 24; - 24" which, regardléss of its

[ oner HESh PebLPLPUOBRGR N iBhklded 8741 LAC GiTRT IRyl B gecat er

than 5 I raay esu rom the 'enhafced conver génc
t echni que,,_.as sho in,.9 Fig. 16,.is.nhot guite _as snmopoth as i th
br evi ods. TiShereRa PR ot degatdtis fishy 1@ Rsufled o Foes Tay Sere e Sver
iterations, but it is acceptable, As shown in Fig. 11 17, the subsequent
second8hi stheyfedmayc?2 eaultilg remihe ephaneed spyvarpantateahgidus? agsheme inas
conpared to Figs. 6a and 6b. It is not visually apparent which 13
conver §enddggilGeis hbkqbiee tasr smesihl &s butthé tprédoas ddr itedaionbeeske, gisvie thevery
14 conparabl e effect where nost of the dynam c range is used |ocally.

10  natural consequence of fewer iterations, but it is acceptable. As shown in Fig.

11 17, the subsequent second histogram correction result 34 is very similar fo

12 before, as compared to Figs. 68a and 6b. It is not visually apparent which

13 convergence gives the better result but it is clear that both give a very

14  comparable effect where most of the dynamic range is used locally.

15 In an alternate, non-iterative statistical technique for finding the
16 éxtreme surfaces, a moving average of the raw input data, is once again
17  caleulated initially. Then, the difference of the raw data 14 and the moving
18 average mean curve 15 is calculated. Finally, the standard deviation of the
19  residual data of Fig. 5b, is calculated using the same size filter box of original
20 data as the moving average. Using the same essential logic as the efficient 2D
21 moving average filter of Fig. 13a, but modified to suit a moving standard
22 deviation, a local measure of the standard deviation of every point could
23 efficiently be determined. The extreme surfaces would then be calculated as the

24  moving average +/- (a constant * moving standard deviation) for each point.
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15 In an alternate, non-iterative statistical technique for finding the 16
extreme surfaces, a noving average of the raw input data, is once again 17
cal cul at adoomo2o@l | y. Then, the difference of the raw dat BCT/€¢AanehIshe
noving 18 average nean curve 15 is calculated. Finally, the standard
deviation of the 19 residual data of Fig. 5b, is calculated using the sanme

size fiql t eThib@onefar®lis gehtd a RAinBat thaR vdUl® typvalOyiaNesa@ethinég likg o 1% same
essential logic as the efficient 2D 21 noving average filter of Fig. 13a,

but nodi fi 0 it Mil r katd I g of

t he st ?nda%gu%eﬁ{%ti oﬁp@? e)\p/’gar 3%%@%&885%5%;’?%&W’S?gﬁﬁogﬁlﬂg get gr'rﬁ ned.
The extre face U t hen be cal cul at e the .2 Vi age +/ -
(2 cond anto el ihihelfls SadiSthet fafs oh PefsFt ndb i, niat ABR SRR ERIGs
PCT/ CAQ1/ 0098 This constant is set to a nunber that would typically

yi el d $one ﬁ?fﬁ@l}q yiging _SLtadzsdazJ fayiptions plihe MR rical ly, a suitable

const ant appears to have a value near 2.0. 3 Note that in the true
Gaussi ah data, or perfect bell curve, that about 98%of the 4 data falls
wi thin 3 standard deviations of the nean. 5 6 The Second Hi st ogram
Correction 7 Having reference to the coding in Fig. 18a and the definitions
in_ 8 B g.TH8Beceppdtisiborem dfortdutiodat a correction into 2 steps, as

di scussed above, 9 allows for flexibility in the estimating of the extrene

surfaces. Approximte 10 curves 20,21 for the surfaces 20+, 21+ are .
Secent doi e Bven a HigHNGIAERITEGA0 THe GOIRG Hd. o 55 29 Heqdetminsein
extreme surfaces at the first stef does not result in 12 serious data
clippi By. Hig- 18Ps separaiionnpbiheadatalicetreiian §rof2 sierhaapdissussgd abevdni ques
whi ch '

9 allows for flexibility in the estimating of the extreme surfaces. Approximate

10 curves 20,21 for the surfaces 20+,21+ are acceptable. Even a high percentage
11 of the data 23 outside of the extreme surfaces at the first step does not result in

12  serious data clipping.

13 This is an important distinction from the prior art techniques which
14 apply conditional statements so as to handle the image data differently if they
15 are above a threshold or below; in a sense creating two separate data

16  populations and two different corrections.

17 In the present invention, while the first fairwéy correction and
18 makes a preliminary assessment of scaling ranges which identifies and ensure
19  that even outliers 23 are not lost but continue to be preserved and maintained in
20 the main data population 14 throughout the use of the histogram and its
21 expanded scaling range. Finally once as many data points have been
22 enveloped as is possible, only the most deviant of the outliers are finally

23  trimmed.
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14 apply conditional statenents so' as to handle the inmage data differently
if they 15 are above a threshold or below, in a sense creating two

separ at e wi@ap205206 popul ati ons and two different correcti oPET/CAU1/00982 he
present invention, while the first fairway correction and 18 nakes a
prelimnary assessnent of scaling ranges which identifies and ensure 19
that evien outliers 28t &, etheofaitvest cbrrecihmmtis rilesttated enppeswioresdariorm,

mai ntained in 20 the nmain data popul ation 14 throughout the use of the

hi st ogram wRErdin the 2l 8xRARRRM Wik RId$RahE J5\06: cdﬂ/@%b WREEisaTalBIDy et a
poi nts have been 22 enveloped as is possible, only The nost deviant of the

outlie al 0 6 9 R t he
fai rvvafS Cgﬂ;aﬁ'\gfgy :%oﬁé%{ ®i ﬁlinu?t‘r at eén aéz_\n\/}gfeigz{o 3@% d?ﬁ@%c}%% &% S raw
data i gvvr sthelo [ ,curve i w k3 is scaled by the 3fa|rways
range ?‘Fma 2" ‘%I%Geﬁﬂ%?gb%m ofeg '?Haa%m c range (drin), the 4 corrected
data being stored in img_wk4. 5 The second histogram correction allows

for comrol on exacttye B@&bncﬁhf&&d}aﬁf chiEctA Alows R Rl bHQ&‘écﬁN hbly med.

Al so, as the data fromthe first ~ 7 fairway correction is already reS|duaI
in itsgnat I o) o] be .t I
sparsel6; dMﬁ@lplcg%e\!ﬁt%?%l‘ﬂé hou \tﬁ?d ‘:3rngg‘t]eﬁllegajsU'Mé hgslthb%g mnr{attpélgggﬁ

d t th t
10 of qSQfeﬁerﬁny(@p R e Sedheraniay it 1 Bh Rt e 70aT BprolkpbRald By

storing themin hi gher precision variable than is needed for the

dynami a%é’lmmﬁﬂsvwﬂaa@%? spapsely fistdhyted thiosghavl hadmeage esykingva no

nunbers. 13 Data bel ow the | ower extrene curve 21 is cal culated as negative
9 noticeable distortion in the image at all. The fairway correction by the application

10 of Equation 1 (at R) retains the outlier information by temporarily storing them in
11 a higher precision variable than is needed for the dynamic range. This fairway

12 correction also allows for negative numbers.

13 Data below the lower extreme curve 21 is calculated as negative
14  and vaiues above the upper extreme curve 20 are calculated as numbers above
15 the dynamic range of the input image file/data. The histogram correction is,
16 then, performed on data that has very similar statistical qualities of what will be
17  the output data, seen by comparing Figs. 9b and 6b. A histogram of the first
18 fairway corrected data is made qsing a broader range of events than is likely to
19 occur. Empirically, it has been found that the range of values calculated by the
20 fairway correction are unlikely to exceed three times the dynamic range and

21 these limits are arbitrarily used to set the histogram dimensions.

22 The histogram count is then made by looping through the first
23 fairway corrected data and counting the number of occurrences of each intensity

24  value.
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14 and val ues above the upper extrene curve 20 are cal cul ated as nunbers
above 15 the dynami c range of the input image file/data. The histogram
correcti omony952046 t hen, performed on data that has very BCTCAar/00982
statistical qualities of what will be 17 the output data, seen by
conparing Figs. 9b and 6b. A histogramof the first 18 fairway corrected
data i 4 made usi ng Réfeaddeto Figngéa ahaiey enSs tHehhistdgsai ik @bynteal ndréhadigcur .
Enmpirically, it has been found that the range of values cal cul ated by the

20 fai pwayyikérer RCtheORirag sBtddiBhyddta IRSCRRSInt REESJdIRS raftfe 8Y Ddihaor ange
and 21 these limts are"arbitrarily used to set the histodgram di nensi ons.

22 The hi j - i 1 - i -

Fai tvag corPaiias GHPs the uaih IRAmC YercRir e g Wik nds Il ey

i nt it 24 value. 41 WO 02/ 05206 / CAO1/ 00982 | Ref i.ng t ig. 18
wgai . Aa cSTTaclian e JGIE WEUECR PUE G M RyEo e PESSRIAS &S ey
correction data lies within the expected range of -drimto 3 drl2 (three

ti mes ©he With parelbplassi Memhgextenginpitee rangesbeypndc3Tdfin isafo gHraNigs-way 4

correction data values would be outside this range, these possibilities are

deal t B3, th nonet helesdng\PLehy e ESNOs, 4 iaseabeyan dghiyes no

guarantee. 6 According e unl'rkely eve ata pornt
i es outsi 7 of the expected range, the histogr count i.s incr nt ed
1t ¢ he Textdldhe &xBrebAgateb e igpar pounds Beliad faha sKames oEm
counts at the extreme will be zero in 9 virtually all cases_and very close
to zer® i rhigipgrama) (It is@xpegieshihabing hislegeam conets af thelaxtenmawdl kedegn unps
out of the counting routine at the first logically correct 11 Case
st at emént . vidualiynali ngseoball vairy Chsehostargriaravies athbet exdaptionalecassdsudheeaches
12 the acceptable trim (failure) rate, set at step Uto 1 % of the inage
data. 10 Select Case coding jumps out of the counting routine at the first logically correct

11 Case statement. A running total of the histogram is made until the value reaches

12  the acceptable trim (failure) rate, set at step U to 1% of the image data.

[

13 | The trimming points are found by using a running total. As shown
14 atV, for the lower trim point, the loop starts at the low end of the histogram and
15 works up until the running fotal is above the acceptable trim rate. The position of
16  the trim point is then readjusted down by one value to bring the running total to
17  just below the acceptable rate. This value is constrained to (-drlm) or greater,

18 regardless of the remote likelihood of such a situation.

19 At W, the same approach is used for locating the maximum or
20 upper trim point, except that the loop starts at the top of the histogram and works

21  down.

22 Once the values of the upper and lower trim points are known, then
23 a simple histogram correction of a straight line adjustment from the acceptable

24 trim limits fo the image dynamic range limits is made.
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13 The trimm ng points are found by using a running total. As shown 14 at
V, for the lower trimpoint, the loop starts at the | ow end of the

hi st ogr awanzf05246 wor ks up until the running total is aborer/hel/eovgrpt abl e
trimrate. The position of 16 the trimpoint is then readjusted down by
one value to bring the running total to 17 just bel ow the acceptable rate.
Thi s vdl ue i s const rlai thedsitipidstdituaitionrsigpvaatierone éhboeiasat X3S tled firdte
renote |ikelihood of such a situation. 19 At W the sanme approach is used

for | opatidiflet bEraBsH MH ¥ scafd WRReind frinﬁmﬁ%% théWﬁBhlé RHget NeinbMpP
starts at the top of the histogram and wor ks down. 22 Once the val ues

of the aubnsfy 898 AAFOLEIdILPRII SRR KGN, tgmed B3 Riirmhgehethaor am

COI’I’GCtI on ral g I ne ad romthe accep

limts to helrraed ran imts 02/ 05206
pCT A/ VB8NS THpg RS, lse@?h%% RrTesiiOBBle FHTBROUAR nent X1, t he
first 2 order corrected data is scaled fromthe trimlimts to the dynamc

range. gFinally, 3 arpcHiat «fmepwew seélbanﬁl%n%&ytcraﬁa%n@abﬁ éeﬁﬁ;ﬁlégic[%l&ﬁwir\mmd
to the full range of the 4 dynamc range limts. This 1s the

N R Ly L B R L R e i A

virtually .i |S|ngwshablefromthat 7in Fig. 2. 8V\hi|ethe above, at
X1, is’a pgBrff@ct|ly adequate solution initself, it 9 has been found
errpirically that the previously determned trimpoints are 10 preferably

s o, ol B 0, S s bheEs) sgobde e fgpgs 1
foll 0"“9ng has been found empirically that the previously determined frim points are

10  preferably be set to a range different from one exactly set to the dynamic range

11 limits, as human vision is less sensitive in the darker regions. The following

12 modification sets the trim point to 20% and 95% of the dynamic range which

13 leads to the favorable result found in image Fig. 2. It also leads to increased

14  data integrity. Fig. 2 is the result of only about 0.2% or about 1800 of some

15 880000 points which ended up being trimmed. Normally, code for counting

16  trimmed data would not be included for improved computational efficiency.

17 . At this point, the completely first and second corrected image
18 resides in array imag_wrk4 and can be output to media, such as a magnetic
19 disk, as a standard image file or any other kind of computer file. Also, if
20 incorporated within a software package with a éUI interfaqe, the processed data
21 can be displayed from electronic (RAM) memory to a monitor or other display

22 device,

23

43



12 nodification sets the trimpoint to 20% and 95% of the dynam c range
which 13 leads to the favorable result found in image Fig. 2. It also

| eads towaorersed 14 data integrity. Fig. 2 is the resubPCT/oAOLONg2 about
0. 2% or about 1800 of sonme 15 880000 points which ended up being trinmred.
Normal Iy, code for counting 1.6 trimred data would not be included for

i nprovdd deamyg @biresisdn Phfdmetercy. 17 At this point, the conpletely first
and second corrected image 18 resides in array inmag_wk4 and can be out put
to nedia, such as a nmagnetic 19 disk, as a standard image file or any
other Kind of conputEM€ fregentAnkentiqry utiizes e ifitaireapevendi tvo nsgtaritar e
package with a GU interface, the processed data 21 can be displayed from
el ect r Sni cpgremgiensentingse pamnmatiars bave beenreviduslyl rejerretl talevineesadple43 WO
02/ 05206 PCT/ CA01/00982 1 Image Correction Parangters 2 The present

i nvent 4on ¢ddd arethdyharel nput i mage and two nuneric 3 paraneters. These
paraneters have been previously referred to in the sanple 4 code and they
are: 5 surf_nmdff which holds the mninmum allowable difference 6 between
surfac®s as a Signal® t 6UNameé wnishndddenthe Mmigiowm 7 alipivgblel 4diffeger)ce and 8
i mag_pé&nt which hol ds bhbvgmn serfacereast SigngkiosNose( SMN bwtnagethehit igsusi ons)
to be Used for the noviig. derieampd ocess (Fig. 10 1l4a, F). 11

8 e imag_pcnt which holds the percentage of image size (in both
9 dimensions) to be used for the moving average process (Fig.
10 14a, F). ‘
11
12 If the parameter surf_mdff is set to a value 8, that means that the

13 two extreme surfaces 20+,21+will be constrained so that they will never be less
14 than 8 units of intensity apart. If surf_mdff is expressed in terms of percent of

15  dynamic range, then 3% of 0-255 becomes 8.

16 If the parameter imag_pcnt is set to 10% and the image is 2000 by
17 1500 dots in size, then the moving average filter box dimensions will be set to
18 200 by 150 dots, all of which are averaged to determine the value for a single
19  low frequency point. Note that this is 30,000 additions per point - thus the need
20 for an efficient algorithm. More exactly, the filter box will be set to 151 by 201

21 points.

22 While these two parameters are, in themselves, straightforward
23 enough in concept, Applicant recalls that it was a desired criteria that the user

24 not have to deal with such tasks.

25 Each of two parameters is independent of the other. The

26  parameter surf_mdff manages noise issues. In this sense, noise is considered
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12 If the paraneter surf ndff is set to a value 8, that neans that the 13
two extrene surfaces 20+,21+wi || be constrained so that they wll never be
| ess l4awoamoBounits of intensity apart. If surf nmdff i|isPerwpres®®sk i n
terms of percent of 15 dynami c range, then 3% of 0-255 becones 8. 16 If
the paraneter imag_pcnt is set to 10% and the inmage is 2000 by 17 1500
dots iM siipehe theemotder leseirandewveuageationstafrthd oaxndricentansitg velue! atteacket to
18 200 by 150 dots, all of which are averaged to determ ne the value for a

si ngl e2 19%diaw frfd‘é@b!egﬁbf PAFTE a tRIrenéd alitht lespedtSio3He GRRnaMF b | eﬁ*@r\w
point - thus the need 20 for an efficient algorithm More ‘exact t he

111 Ler sboxi Liobesstyl aasl by atin 31 00 B2 M © 1S bt

par arret ers are ves ral or war h in ce t,

Applicagnt recalls. tha a, desi red criteria fhat user ot have
CoP deatt wi TR RERt clotne S8 Bad, TePraskS b AlsrbrtTbts R BRBRHETeST St ne
ot her. The 26 paraneter surf nmdff manages noi se issues. In this sense,

noi se iBs coMinERrdtheiltenden); domressrerincraliesiaogordingtase iNAG RIS & | ess

random fluctuations of the nuneric intensity value at each 2 point.
| ndeed 8 suedntradfiér bathdheo! andiyaxisvthe dossainy end sutthendfihisemsontyolaff thay gi ven
3 dot expressed in terns of percent of the dynam c range. The paraneter 4
I mag_pagnt, ax)g(ﬁhbeaﬁgb)er hand, represents the area of points to be
considered at 5 one instant (the filter box). Expressed in Cartesian
coordinates, imag_pcnt is a 6 control for both the x and y axis (the
domai n® and surf ndfPefadiltavalees can ke prmdded for inpges wyfuch ér@g@)a ksrom@f aul t
val ues can be provided for inmages which have a known

9 and historical noise component, and thus is taken completely from the hands of

10 the user. Otherwise, general guidelines can assist the non-technical user in
11 specifying the parameter from higher level choices, such as whether the noise in
12 the image is clean, noticeable, or serious to which values for surf_mdff could be
13  specified for the user at 3%, 6% (a typical default), or 12% of the dynamic range

14 limit.

15 The parameters numeric value is assigned internally in the
16  program by a small lookup table of 3 elements and a multiplication or two. This
17 is a particularly useful approach where the present invention is coded into a GUI
18 and the process is done interactively. The user could estimate the noise level at
19 a glance and then choose from a drop down menu with the above choices. The
20 robustness of the parameter is such that this limited choice of three choices
21 should be perfecily adequate. Note that the details of this scheme are not

22  intending to be limiting but to point the way to a practical implementation.

23 Regarding the box size parameter, imag_pcnt, its selection and

24  magnitude is primarily an issue of the detail within the image. The more detail in
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9 and historical noise conponent, and thus is taken conpletely fromthe
hands of 10 the user. O herw se, general guidelines can assist the
non-t echiwaatouzser in 11 specifying the paraneter from hpghvenol/eved

choi ces, such as whether the noise in 12 the inmage is clean, noticeable,
or serious to which values for surf_ndff could be 13 specified for the

user at! 3%he6ithdge, ttheisnadllet ehauhbyingoaverafe ditet hoxdywgtibe samigst the4fdlli mit .
15 The paraneters nuneric value is assigned internally in the 16 program

by a spal |gyreekRPas@@ivil B u3e€lRBEBMRIIaNGreds AL fhR! pfakicpdy iRralddbbulhi s 17
is a particularly useful approach where the present invention is coded into

a QU 418 BOoR! @56SS il O8N dit CEAHd UELY for e IV ERE cERILH oPSL TRt €
Hing 2 1o® gafid 5 g5 % soft

t he noise ance and thén choose Trom a own hend with

t he abqgve .choi ces. .20 robustness of the paranmeter .is sych that this
i ted cHERGESoTia B oS WaEs SelRimiings SHRTelbr JoRacdt & rRbre. ¢ hat
the details of this schene are not 22 intendi n% to be imting but to

poi nt Hhe Sayfare Bapd adO’% dypicapretasti.aarifona o bragatdevr) of Wetalbat 20%e
parameter, img_pcnt, its selection and 24 nmagnitude is primarily an issue
of the6detdithewnape sizehe i mage. The nore detail in 45 WO 02/ 05206

PCT/ CA01/ 00982 1 the imge, the snmaller the noving average filter box nust

be so that the full __2 dynam c ran i1l be used over spaller areas. As
Phe’ paramet or i 5 al B Shaaan osORG Hip harous Ba N Siaryt RrowiosEdBiecan be
used for it. In the context of X-ray 4 inmages, the follow ng val ues were
det er nBnesuWigstrvasl The relyistacsshebtnexparanetenissuchrtbat tis imied choke(efypi cal
default), or for a leg bone at level of detail at 20% 6 of the inage size.
7 The @serthcamslemild etperdedy paegoeteer by sinply knowi ng what the

10 It is also the case that if the process was not performed in a GUI
11 this straightforward form of parameter estimation will be particularly useful as so
12  little expertise is needed and the "batch processing” style of input can also be

13  made to be easy.

14 At one extreme, a finer level of choice can be implemented as an
15  option for technically adept or curious and a coarser level of options available for
16  every user. The default evaluations of the user input parameters are also found

17  to produce acceptable results without the user actually being consulted at all.

18 In any case, it is easy to implement the variables in a way that is
19 humanly understandable so that the user is not required to increase their

20 knowledge of the physics and mathematics of the process.

21 Having reference to Figs. 19 - 21, images are presented which are
22  the result of processing the same input image (Fig. 1) with different choices of a

23 value for surf_mdff. Fig. 19 used a surf_mdff value of 1.5%, Figs. 20a and 20b
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8 subject was. The robustness of the paraneter is such that this limted
choice of 9 three should be perfectly adequate. 10 It is also the case
that if tweopereess was not perforned in a GJ 11 this spPewICght/ésar d
formof paraneter estimation will be particularly useful as so 12 little
expertise is needed and the "batch processing"” style of input can also be

13 nmadd t aarbddential al 8% andrigige il reseel, 120f | Nete thet Fignf2, diel aed 28b dre
i npl enented as an 15 option for technically adept or curious and a coarser

level of Qq@éhiRiasand @ﬁa\l@@e‘énfdﬁplicé@d?f&?Ec‘lm\éﬁﬁc{tive-ﬁlﬁpé’@és%'ﬂﬂy eval uations of

the user input paraneters are also found 17 to produce aCceptable results
w t hout the user actually being consulted at all. 18 In any case, it is
easy t & inpl enent t e aobedil eature i theypatemetes is edrnaiehonsirdéad bandabl e
so that the user is not required to increase their 20 know edge of the

physi cg ambtichighihariti take®t ddublipyasfans pa?dmbaritogeset @t argignificarti affect.19 -
21, images are presented which are 22 the result of processing the sane

i nput isMagehd Fiihged) o Flysdi ibermid &haisesn®f 3¢, R3pdadvedy f & Wﬂial@dff-
Fig. 19 used a surf ndff "value of 1.5% Figs. 20a and 20b ° 46 WD 02/ 05206

PCT/ CAQL/ 39@%@@@55@&?3@%@%% %grs]gof@]@%ﬂd':2-1gare2\;1rtﬁ;§@gi[n]g§){i;ngh|%h bl Bomi 9s-

2, 20a an ave been dup rconparative
pur poses only. The ropbust nature.of the parapeter, is clearly denonstrated
by P2 ot ieachotRnt AppReaitis ais utt e Rra o asdRdial FdnP i ers o
significant effect. 5 The images of Figs. 19, 20a at 1.5 and 3%

respecBi vedap B ¥ak@d-tual |y 6 indistinguishable. Likewi se, Figs. 20b and 21
are virtually indistinguishable from 7 each other. Applicant is aware that

there gre limts as AR fﬁ%%efs%gtgﬁrfﬁ%ﬁ”%ﬁre better controls random noise

10  amplification but this also limits the amplification of more subtle effects. In the
11 case of the current example image, subjective analysis finds the Fig. 2 (same as
12 Figs. 20a,20b) to be the superior correctioh — based upon random noise being
13 hardly noticeable yet the subtle aspects are still very clear. When the surf_mdff
14 value is smaller the noise amplification becomes less desirable and when the
15 surf_mdff value is higher the subtler aspects experience a reduced amplification

16 asinthe case in Fig. 21.

17 Yet it is also the case that all three images represent a dramatic
18 improvement over Fig. 1 and, thus, any reasonable choice of the surf_mdff value

19  would have yielded a fine result.

20 Having reference to Figs. 22 — 25, images are presented which are
21  the result of processing the same input image (Fig. 1) with different parameter
22 choices for imag_pcnt. Parameter surf_mdff values remain constant but the
23 ‘imag_pcnt value varies. Once again Fig. 2 is used as the reference and has a

24 value of 5% of the image size. For comparative purposes, Fig. 2 has been
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8 can be varied. 9 An increasing surf ndff value better controls random
noise 10 anplification but this also limts the anplification of nore
subtl e e@or/6320d n the 11 case of the current exanpl e | nBOECASU@9IETtI Ve
analysis finds the Fig. 2 (same as 12 Figs. 20a,20b) to be the superior
correction - based upon random noi se being 13 hardly noticeable yet the
subt | e1asprelisatetieassFid. [22veFly. d3eases dWitar bbr st % andf Fig. 24 atal 0%, esd

smal l er the noise anplification becones | ess desirable and when the 15
surf nmaff gl 3 ai Sodii Ghlfagkng-subt | er aspects experience a reduced
anplification 16 as in the case in Fig. 21. 17 Yet it is also the case
that all three inmages represent a dramatic 18 inprovenent over Fig. 1 and,
t hus, &ny reasonabl dhehoobestohatune cfuttfe setond,abax-sized parametchaseagaisl ded a
fine result. 20 Having reference to Figs. 22 - 25, inages are presented
whi ch ar e cledriyt hembastwhiedady feosEsietig disersation thauinyi ofeEigs (22 ¢FiglR)wi t h
different paraneter 22 choices for inmag_pcnt. Paranmeter surf nmdff val ues

remai n5Co ido j _ b [ irBsihit galed 1S
oo ag LD R P B e OB gOR, N BT Fo e rEedl Paled

conpargativ g 2 . / 1
Gupl ¢t e TR 8 e btfbrs *OTRBE o I 15 ST P R SBI PR 00
and 2_Fi 25 at 20% of image sjze. 3 The ropust ure of. e second,
box. st 7. hpbsenenmist ken i e te jsadie ek el ynitn Bis sy
observation that any of Figs. 22 (Fig. 2), 5 23, or Fig. 24 are acceptable
resul t §. Fepesent dhe 2oust 6asEi ¢f. a aser tiessiie selegiianss if ® eenpiledd ttoist he
ot hers. However, Fig. 25 it is still a good inprovement over Fig.

9 anticipated that diagnosticians would not confuse the differences in detail

10 between a chest and leg image.

11 The applicant-selected box-size parameter setting of 5% (Fig. 2,
12 22) and the suggested default setting of 10% (Fig. 24), both gave an excelient

13  result as did the intermediate value of 7% (Fig. 23).
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7 1 and one nmust keep in mnd that to use the value of 20%wth this X-ray
would 8 represent the worst case of a user possible selections, if so
perm ttedvobroi2zee 9 anticipated that diagnosticians woul draDICAcDOMSSE t he
differences in detail 10 between a chest and |leg image. 11 The

appl i cant-sel ected box-size paraneter setting of 5% (Fig. 2, 12 22) and

the suggested def aulTHEcEMBODIMENIS (GF OTHEAINVENTION FORNVEHCS |ANt 13

resul t pas piKJLUBEVENPROPERTYCORR IPRVIIEGY (S1CLARRED AREDERNEDR 0RS
PCT/ CAG1/ {§9BRolyg HE EMBODI MENTS OF THE | NVENTI ON FOR WHI CH AN 2" EXCLUSI VE

PROPERTY OR PRI'VILEGE |'S CLAIMED ARE DEFINED AS 3 FOLLOAS: 4 5 1.' A

met hod4f or maxi mi zi ng contrast between nei ghboring points 6 of a data
popul ation selected froma digital inage, each i mage point being 7 defined
by a pésition and anl.i At meshddy fort iheximizigg domtiasy batwesr esijhbyridy pints 8
range, the method conprising the steps of: 9 (a) determning a first |ow

frequegcy dfré”'djdtégpcﬁmﬂéﬁér?%e‘fé&éd‘ flom 4 QligitH Viehd et éaQ:ht RaglaiRimopsthgt | on' s
maxi mum i ntensities; (b) determ ning a secon frequency trending

curve 111 G5PeHOGS: @ﬁ‘ﬁfi@* SEUR e ki FRERT W”@“%”. Blendt e ! <
boundedl byStAS PETBRIHPARRtS TFLHAPRG T unct i 222 “and 16 16r each poi nt
' thegdata popul at I(ggldetermmmg a first low frequency trending function which is
10  curve fit to the data population’s maximum intensities;
11 (b) determining a second low frequency trending function,
12 ‘independent from the first trending function, and which is curve fit to the data
13  population’s minimum intensities;
14 (c) establishing a maxfmum and minimum fairway for the data
15 pbpulation bounded by the first and second trending functions; and
16 for each point in the data population,
17 (d) extracting a range of the local minimum and maximum intensity
18  from the fairway;
19 - (e) determining a local scaling factor as the ratio between the

20 dynamic range for the image and the extracted local range; and

21 (f) scaling the point by the local scaling factor.
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17 (d) extracting a range of the local mninmmand maxi rumintensity 18
fromthe fairway; 19 (e) determning a local scaling factor as the ratio
bet ween tWe 02/@20dlynanmi ¢ range for the i mage and t he extrarCeEdAbDD@AB2 r ange;
and 21 (f) scaling the point by the local scaling factor. 49 WD 02/05206
PCT/ CA01/ 00982 1 2. The nmethod of claim 1l wherein the point is scal ed using
the (iMmage Point - 2.0d&ke MMethoduo) caimel avhamghthe pebindyisasvatedRasigg. the( Local
Maxi mum - Local Mninmun) 3 4 3. The nethod of claim1l wherein one or nore

outlier points for 5 lhe d &, pul at.i on e>)i st, which have intensities
out si de ,t@%tmghw,_mgwﬁﬁmmuw%ggag o 7 (a) scaling
each outlier point by(LochEMaxiowm slcedal Minitraet)or’ with thé 8 result that the
scaled intensity is outside the image's dynam c range; 9 (b) storing the
outliers point's scaled intensity at a precision greater 10 than the

dynami c range to prevent loss of intensity information; 11 (c) form ng an

i ntensigty histogram pf Tthléemgﬂfdd &t 8RR PANE-&h! of Mo e%gutlﬂ-élsggﬁu'@%r

establishing a predeterm ne ower intensity and a predetermn 13 upper

14 whi i’ BBt BoBeflah g, FL e iR oS dne BRleG, FRREF. ™" s

(d) trimmng the intensity histogramof points which have an 16 intensity
whi ch % b@%W'?'ﬂ%%ﬁ 8P i ned | ower intensity, and above the

7 (a) scaling each outlier point by the local scaling factor with the

8 result that the scaled intensity is outside the image’s dynamic range;

9 (b) storing the outlier point’s scaled intensity at a precision greater
10  than the dynamic range to prevent loss of intensity informaﬁon;
11 (c) forming an intensity histogram of the entire data population, the
12  histogram establishing a predetermined lower intensity and a predetermine_d
13 upper intensity for forming a range which is greater than the dynamic range and
14 which encompasses the intensities of substantially all the outliers;
15 (d) trimming the intensity histogram of points which have an
16 intensity which is below the predetermined lower intensity, and above the
17  predetermined upper intensity, for establishing a trimmed.data population having
18  a trimmed range between minimum and maximum trimmed intensities; and
19 (e) scaling each point of the trimmed data population by the ratio of
20 the trimmed range to the image’s dynamic range.

21
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17 predeterm ned upper intensity, for establishing a trinmed data

popul ation having 18 a trimed range between m ni rum and maxi nrumtri med
i ntensitive@p2/eszde 19 (e) scaling each point of the tri mmedpdeCaopapesd ati on
by the ratio of 20 the trinmed range to the inmage's dynam c range. 21 50
WO 02/ 05206 PCT/ CA01/00982 1 4. The nethod of claim2 wherein the data
popul atli on i s adj ustedTh2 metholdeofosieiat @rwhateim shd data sopileton & Adjoraied
vision, further conprising the steps of: 3 (a) scaling each point of the

trimeg dabangepediat indndifePsuitidt BUWHum4n VANIE fli@ssr dMamvidiRg thd'B@s Br.dynani c
range; and 5 (b) offsetting each scaled point by an increnental intensity

telve 0 uhieh L L83 s b Uk or BRI SRy SEpSHRATIE shelig e

the output 7 ranges oi nts resi ge of
intensities which jis n the dynamc range. 9 10 5. The net hod

A hSadhbhhaadeu |
of cl affm 1HE/&TSNABLRE (AGE FSYBMIS WS PChe first 11 and second

trendi ng functions conprises the steps of: 12 (a) determning a first

functi &n representii§) offeettingigachaaealed IPipbbyiia insremental dytepsidy yalugel v
determ ning a successive upper function for a 15 residual subset of points
of the6datwhipbpallass dhamtihe Hifiereace ainsieni e dyrmmhier rant® ahaurthe hmutpukeat er
of the first function or a previous successive upper function, 17

Coni 9 e et s st e ke
UPPEr 8  within the dynamic range. '
9
10 5. The method of claim 1 wherein determination of each of the first
11 and second trending functions comprises the steps of:
12 (a) determining a first function representing the entire data
13  population;
14 (b) iteratively determining a successive upper function for a
15  residual subset of points of the data population which have intensities greater
16 than the greater of the first function or a previous successive upper function,
17 converging upwardly until fewer than a predetermined number of points are
18 greater than the successive upper function, the converged successive upper
19  function forming the first trending function; and
20 (c) iteratively determining a successive lower function for a residual
21 subset of points of the data population which have intensities lower than the
22 lower of the first function or a previous successive lower function, until fewer
23 ;than a predetermined residual number of points are lower tha/m the successive

24 lower function, the converged successive lower function forming the second

25  trending function.
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19 function formng the first trending function; and 20 (c) iteratively
determ ning a successive |lower function for a residual 21 subset of points
of the dav@aopoeyroeé ati on which have intensities | ower than poRCARBZodIS2NET Of
the first function or a previous successive |lower function, until fewer 23
than a predeterm ned residual nunber of points are |ower than the

succesdi ve 24 | owerg.f Thetmethodt dfeciginns eviggdirstiecestievgernceVsi orfdlo€ bopn
formng the second 25 trending function. 51 WO 02/ 05206 PCT/ CA01/00982 1

6. ThezTetmquprg}ghgq&Né\mhgﬁéhggqn.fb%\y&fg@nce of one or both 2 of the

upper and Tower functions is inproved by: 3 (a) determining the differences

the 1 taration: 5 (o) cgrryihg thel Uiftrenfer 8Rdes HRGRRR e s
f ints t 6 f ted subset, of  points; d 7 | yi
Che' it & atPURtRIEr Ryt Nar UaEirah dor it | ong 10 8 the exbgger at ed

subset of points. 9 10 7. The method of claim®6 wherein the differences
are anPified by 11(b)acpdibdng ithe) diffesensascand agding it & atsubaehatipeiis iopl yi ng
the differences by the 12 counter. 13 14 8. The nethod of claimb5 wherein
one or onorfermfan &eadgenatedoesubsel 6f pgipts; eddt o det ermi ne each of the first and
second trending functions is a noving 16 average.

7 (c) applying the iterative determination, of successive functions to

8 the exaggerated subset of points.

9

10 7. The method of claim 6 wherein the differences are amplified by

11 incrementing a counter each .iteration and multiplying the differences by the

12 counter.

13 )

14 8. The method of claim 5 wherein one or more of the functions

15 applied to determine each of the first and second trending functions is a moving

16 average.

17

18 9. The method of claim 8 wherein the function applied for each of

19  the first, successive upper and successive lower curves is a moving average.

20
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17 18 9. The nethod of claim8 wherein-the function applied for each of
19 the first, successive upper and successive |lower curves is a noving
aver age. W0 05@2000 02/ 05206 PCT/ CA01/ 00982 1 10. The net hoBCDiICAci/@i98a 8
wherein the noving average has a filter 2 box of predeterm ned size of a
col um di nension and a row dinension and 3 which is optimzed in two

di mensifons for the i1mFachyethdd(s)cisint 8rvehargir the moRigg Blerade hadgesitaf the
i mge by a nunber of 5 points conplenentary to the filter box colum and

row di BENSHBNSF &e&&brrﬁﬁbarﬁk@i&g? adiimhatdifidnsin bhs e%ir&f)wnasﬁér%%orpfana one

di rensional 7 subset of points, tor the size of the ter box, and about

each i mage, pRAj . fi ; I Lmension; 9 (c) storing
t he su%get?wgﬁhg% o?{ﬁ'ﬁ[e%%ggntt@oedé %I"B@ﬁ%?mﬂgtm@wb ge; 10 (d) determ ning a
second sum of the subset, s

ms, for the sjze of the filter box, and
about &ach i mage poil@ eéﬁe&ﬁwgafhedquae %toqhﬁrﬁf?%snéé@fadmag&nw amm%}égr of
normal i zing the second sum by di.viding by the number of -points 13 in the
filter ShoxRoinis copaplementaiy tashaBiterdioxcelumniandasoss dimensiens; mage has
specified 16 dinmensions and the filter box dinensions are set to a
per centtage of the i ngydetetmhiningenfirsbrzsint of tla jnishsitigs ohe dmedirrensiondl one
or both of the first and second 18 trending functions. 19
7  subset of points, for the size of the filter box, and about each image point along a
8 first column or row dimension;
9 (c) storing the subset sums, indexed to each point in the image;
10 (d) determining a second sum of the subset sums, for the size of
11 the filter box, and about each image point along a row or column dimension; and
12 (e) normalizing the second sum by dividing by the number of points
13 in the filter box.
14
15 11.The method of claim 10 wherein the image has specified
16  dimensions and the filter box dimensions are set to a percentage of the image
17  dimensions for adjusting the frequency of one or both of the first and second
18  trending functions.
19
20 ‘ 12.The method of claim 11 wherein the filter box dimensions are
21 between about 5-and 20% of the image dimensions.
22
23 13.The method of claim 12 wherein the image is an X-ray of a

24 chest and the filter box dimensions are about 5%.

25
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20 12. The method of claim 11 wherein the filter box dinmensions are 21

bet ween about 5-and 20% of the imge dinensions. 22 23 13. The nethod of
claiml2wiereizncthe i mage is an X-ray of a 24 chest andre¢heaAbi/msr box

di mensi ons are about 5% 25 53 WD 02/ 05206 PCT/ CA01/00982 1 14. The net hod
of claim 10 wherein the |local range of the fairway 2 inmage is constrained
to be o narrower thanThepaeibedtafgdaiat 10 hehdragthedipoamahge3of tardairivaly
suppressing noise. 4 5 15. The method of claim 14 wherein the mnimum range

of thes 6 P%"i@éohé@ﬁﬁeﬂ% GRNSS hairBRer BRINVE @B rheite 8f RO dyharfic16.

i
The met hod of claim 15 wherein the mnimumrange of the 9 fairway inmage is

constragin %: .11 17. The nmethod of claim 10 wherein the i mge
3 b AR SRk

is extend ge edges by mirroring of the inage data at the
edges. ,13 14 18. The nethod of claim 10 wherein 15 (a) the inmage has
specif|4ed di rensions and the filter box 16 dinensions are set to a
percentage of the inmage dinmensions for adjusting the 17 frequency of one
or botR of the firstlahbeswethed of alaimhd4fwhetsipibe minimum range of the

6 fairway image is constrained between about 3 and 12%.
7
8 16.The method of claim 15 wherein the minimum range of the
9 fairway image is constrained f[o about 6%.
10
11 17.Thé method of claim 10 wherein the image is extended at the

12  image edges by mirroring of the image data at the edges.

13
14 18.The method of claim 10 wherein
15 (a)the image has specified dimensions and the filter box

16 dimensions are set to a percentage of the image dimensionsAfor adjusting the
17  frequency of one or both of the first and second trending functions;

18 (b) the local range of the fairway image is constrained to be no
19  narrower than a percentage of the image dynamic range for suppressing noise;
20 and

21 (c) the frequency and noise suppression percentages are
22  adjustable by an diagnostician.

23
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18 (b) the local range of the fairway inmage is constrained to be no 19
narrower than a percentage of the inmage dynam c range for suppressing

noi se; XWoames286. (c) the frequency and noi se suppressi onPOECAGNO@EES ar e
22 adj ustabl e by an diagnostician. 23 54 WO 02/ 05206 PCT/ CA01/00982 1 19. A
system for maxim zing contrast between nei ghboring points of 2 a data
popul atli on sel ect ed T9.4ms\staindot maxiniaing, coedaist bempenpoeighbgipoidief ofned 3
by a position and an intensity, the image having an intensity dynam c

range, 2t hey d4tssySHARIGH BRI NMBomPa Gag)itaurﬁﬁage,féacrdmﬁaqerrbainwemgféiéfﬁrted! ow
frequency trending function 6 which i1s curve fit to the data popul ation's

renai Ry PoReiinerl RIANERGRR hPimdSe R 39 1 ReARG dina i rehER R

whi ch is cur}/e fit to.the 9 data population's mnimumintensities; and 10

(c) rreélns Y5 e@gpﬂ?ﬂrlsﬁﬁ:ng a maxi mum and mninmumfairway for the 11 data

popul ati on bounded by the first and second_ trending functions so that for
12 eacR point in thd2dmeansofail datpBRining Aaliigt low frammensy drending fumstiong
maxi mum 13 intensity fromthe fairway can be extracted, a |ocal scaling
f act or 6carwhieh ig auryet fé ot dataspapudaticat’s oaxénwesdntanisiiesynani ¢ range for the
imge and the 15 extracted |ocal range, and each point can be scal ed by
| ocal gcaling factor(b)pweans for determining a second low frequency trending

8 function, independent from the first frending function, and which is curve fit to the

9 data population’s minimum intensities; and

10 (c) means for establishing a maximum and minimum fairway for the

11 data population bounded by the first and second trending functions so that for-

12 each point in the data population, a range of the local minimum and maximum

13- intensity from the fairway can be extracted, a local scaling factor can be

14  determined as the ratio between the dynamic range for the image and the

15  extracted local range, and each point can be scaled. by local scaling factor.
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