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3 FIELD OF THE INVENTION 4 The present invention relates to nethods for/ '\S'L)_
i mprovi ngwolg/08296t rast Y 5 bet ween nei ghboring data in di gGTRACA000982 N

i mges. More particularly, the nethod 6 determ nes the actual contrast

bet ween nei ghboring digital inage data and 7 stretches each point's

intensity to the i rISTORTION'FREEIMIRGE CONTRASTIENHANCEBMENT Tage. 9 10
BACKGROUND OF THE I NVENTION 11 An X-ray image is typically with standard

X-ray nachines usiﬁlﬁmﬁ‘m 12 phot ography. in these cases the resultin

Scamni g cct DI o 2 computer 15 e o <o oee o BIIRRY |

*bank of” | i ght - sensétoeve sensor OF; ing a digitakisskl«version
of the X-ray image. The X-ray image is used as a nedical diagnostic 16
tool. Vile there ardhetesentdnyerdion redajes jo prafbeds &f impseviag dhe 6pelraslr , in

Y17 particular CAT scans and MRI-s, X-ray images are still w dely used and
18 conpfri sbetvwremagighboring datairhdigitalpésapimages.s Marevparticlilaky| thetroethodt i nue
because 19 they are conparatively inexpensive. The current invention

i nproves t Hetetfhinkefthé ngstaalbtoMtrasty begss ricigltbseringy Gizc;itél iPi4ye datapant, to
practical limts involved with X-ray imaging, it is 22 difficult to provide

. mts involved with Xx-ray imging, It S 22 It to provi
 ssued 11 RLSTRUSE RAPOURPS SRR IR, WapeE hiantt sdhd St frgliund°

bone. ;gri g%el @125 are denonstrated by changes in intensity. Each digital

i mage i 908 ated with a dynam c range. Once devel oped (for filnm or
digitally 1 rendered as a positive inmage, bright intensity (usually
depicteg as white) areas of 2 dense matter typically occupy the high end of
the dynamic range and low . 3 intensity (black) occupy the | ower end of the

dynam g range. Wile the i %%.K@RQDUWQ@%H@YNVEWNC@'[ ure subtle
variations, the intensity not readily
detectaple by the hu eye. This situatian i.s furifber 6 r.sened n film
mgest i rad: ti onal | XEALITAGH TS SPlaay il $Egrerd Stow A ghSE GEp TR, o
digital imges and displayed on a digital display. In other words, 8
vari at1on RNPigaRhe Bl hieresasas the reiting Xriay dmaces Hirnge inieia 60BPHEY ar e
not 9 easily distinguished. 10 Accordingly) nethods are known for inproving
t he cotirafite by the wieyof digital sagnninggeshnolbgy midbreve¢derikiyotheref anshXedayi s
contrast stretching. 12 Various nethods for neans of acconplishing contrast
st r et cid ngnechiridsethaitiDse et barik off lightgensitive sensorspfat airéstly 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 related imagery processes that are superior, in

17  particular CAT scans and MRl-s, X-ray images are still widely used and

18  comprise the majority of such images and this is very likely to continue because

19 they are comparatively inexpensive. The current invention improves the

20 usefulness of X-ray images to doctors.

21 Due, in part, to practical limits involved with X-ray imaging, it is
22  difficult to provide an image which both defines variations in density within
23 adjacent soft tissues 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



14 For instance in US patent 5,357,549 to Maack et al. (Mack), a 15
technique is provided for stretching inage intensity in only a particul ar
area of 1WO0Rf08206st - such as the lung area of a chest X- rRGT/CANHAORSZ ef er s
to this as 17 dynam c range conpression. Maack | ocates | ow frequency
conponents, 18 determ nes equalization factors and applies themto the

i mge for ederes sk ropdsitiveimdge; dright Intemiyquenaldy dépivted aawhitg) aas of
remai nder of the dynam c range 20 avail abl e for higher frequency areas of

the ingge UQH%‘%&&&S &hlﬁ/ gg&@g%'ﬁ R lepdal! ﬁheta @pqm%d hép one

image intensity area n sel cted 22 and iate

1" pat enEEH ,bﬁ%‘?f'@t&bﬁ%ﬁgﬂ% et ﬂ%@ﬁéﬁ%”%a%hﬁ&bﬁ%y%ﬁﬁ?glaénam ¢

range remappi ng,for enhgncing the i ein othdrk and bright 3 int nsity
areas. 4rhi ‘%ﬂé‘?ﬂﬁpﬂpﬁb igHesd, %’c?'t"’eoﬁngg%h‘fﬁ \Qnﬁnﬂ t'é‘tqrbg‘té{nﬁg‘c"fﬁ% SU@ t he
‘data (such as through a |owpass filter), determning_the data nean,

adj ust ilng varationsoanesadireadily detastabie Ay, therhbimar eyep pTyis rejtuatian lsfm’ﬂ‘laied 6
adjusted data to the original data. Two curves of adjusted data are

provi degl, Wwoesarted et filmoimddes, nesittioretly  trhnsiliminated dhf aelightpbox drg by a
constant (D1 ) 8 and one downwardly by a constant {02) for establishing

upper and EoM@SrteY 1t irfl§g89dng 1aled nt t P
popul ati ons. Constgdﬂlnt ;@%11) 1% Ogndgﬂlgéleygd]rgnggi'aiﬁlgjrﬂémégpe{ﬁtgéad Iti've or

w thi h 3 no Pl i ?@%éﬁé , 1esRhR0Y kbl Wi bOuffs Brbls e

in the ddltléle OPtIQﬂ %éhe original data within the range 13 is adjusted
by the i f PEPINLAUSURGHISRRE dat a' s original and nean intensity, this 14
di fference being scaled by a user defined control paraneter between 0 and

Ilmiég ﬂa]Dg?at he adj usixgdoRthdly] fnsthglS darkOkhB%n' Hr! indyiRHC thénhtdst tine

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 unablie 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  areas.



16 outside the range is adjusted using a different algorithm 17
Unfortunately, the nethod of Fang treats data within and without 18 the
range di fWOr03@f206 with the result that artificial details BGKICARI9P82
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 1n very diffet&hpatent $5835,818 do Stamgt improves ongldaask gisitigsa mMéitod
adjusting algorithnms produce these distortions 22 whenever the snoot hed

i mage devi af edyrfarit fahgeeataping fier ertidricing Mive émabb dn Tbthaink twdebightt he
deviation affecting the magnitude of the distortion. Fang 24 recogni zes

h ; ing 9
that the UgREnGHNarkdas! F’Fh@tr%%eﬂf’blﬁ% 28kt Réchriq Gé"é%cﬁ.ﬁﬁégcﬂsnfoothlﬁg

‘However, to mnirm ze di stort e user nust I’TB.I’]I puI ate ea

attenuaji op. of rect h r set.
For 3 i st da&%h(es%f%é §§: hﬁﬁ@'&h%s@%%% 3'Tlte e@ﬂﬂrﬁl‘g‘f tﬂgwgg% g?%%r{l on
‘i's mni but al so the re the subtled | s are | os

range &H’éﬁ@% tgav@&ﬂ%ﬁheg”gﬁ@l L thefesan., a@‘ﬁlé*‘%‘ﬂ @ﬂ{glél?g stf"@hér@ rre
badl y di storted That is to 6 say, the process requires tine and effort and
exper i éhceadjustetedpte to die oniginal dlata. tlovanenegs ohedjuster date ares pravided; to
both mnimze the inage distortion while 8 naxi mzing the i mge

enhancementacly dfiset frohn the nadxy, oredbhadiiciofs dfiseteupudvanc byentomstant {A1)n a
|l oss 10 or distortion of the or| ginal data. Loss and distortion present

artifacgs, e i o] &’ S L, .Qt

di agnosti ci ﬁg Srt']l ;tfd{“r’pre ib% %OR%QRQZ%?TE § gdebg'Fﬁmg hPBeTgtagﬁsﬁ P
vari ations do exi st between nei ghbori %@data |n an 13 inmage,_the contrast
bet weer® t hEHEERYds @nseserapting the data d"‘@oﬁ"%@@%@@ﬁ"&ﬁ“qﬂ{s t@oﬂﬂﬁ%“ts AT,

di agnostician without the introduction of artifacts, and regardl ess of 15

whet het0 t ha2i defimsid yange.i aThems separaten ddaitivie thmaltipH@atNle blgerittang @reeas
of the 16 image. 17 An optinal approach should use control paranmeters which

are 18 nd%@@f@c?ﬂ?stlgr}otth@&rllq}félLHa?a witheP e afl-[g%d an’é’Jré nafy {oe@lé{'aacﬁﬁfsn% user

to nake 19 I'cl ng one resu SO "as I eve
ggir L gi%an teggg{qqg, tllﬁgrs |lrj1|s ancen{no{ “”&&F vé’ bptS gr%r}hgeo%gslr!:aqrbsaté ‘?N‘?M%nr %eara%%%r to
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 signais. 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.



21 background to the technique before it could be properly inplenented.
Further, 22 such control paraneters need to be robust so that snmall changes
in a gi veWoXB/Op6anmet er result in manageabl e changes, do RAET/CAULEIRE | d
results, and even 24 poor choices should give "livable" results. 4 1
SUMMARY OF THE | NVENTION 2 The current invention is a process of maxim zing

t he detti | Hoelewegn t@ minigtibor disthrion, ntise ofisern mustgeanipliate adicht @ft ithg t he
i mage and without adding , 4 artificial details. Locally, all contrasts in

the i mage apenGAidrE6t e b@rré&ﬂ)nsetg@ @W&Wse%%rﬁd‘tﬁ@%oﬁfnﬂa% 'fdet. For

enbodi ment, the process is applie |mages where vari ation between

nei ghDog i e PO S o ieRbhlect] ARigh! S Rk %6 BRkEARh 1€ nhBichio8g ! O

‘for the hurman eyeé to scern ray ges ere is

o 01 o o, B el Bl ﬁei??'%a@%? Wtn Bramrlarordaecoan mienes

‘revealing, processed X-ray image. The achi evenents of the current invention
12 ar e:5 13weakpF sigaalsc bawexst, the stpnaerasiangleibegame badly gisterded.omhhatisdect or s
14 and ot her diagnosticians; 15 good correlation of the processed inage
and t hes i npay, theggecdss Eecmiresrtbn@raudﬁ&nblahdmgpedén@e ohdhé pantegfethetuddr
resenbles the 17 original chest inage; 18 nmaxim zed detail - every part of

the X-ray tdmheha gétﬁ?@é'ﬁﬁréﬁétérg tb oy E@bbwm:ﬁﬁﬁﬁé t?lh@ iagbRistobion apMEr ast
bei ng i rrproved 20 between subtle variations within dark tegions and within

l'i ght g%n@ﬁ he i mage enhancenment - thus if does
not requi reiiikgg“?r‘{ﬁ%ed'mg tﬁoéﬂ]bave ntp%rl or i nmage enhancenent experience; and
5 1 avoiding distortions and artificial details - thus avoiding
addi ti an Each of the above methods of image enhancement result in a loss

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. Ideally, 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 artifacts, and regardless of

156  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 resuit in manageable changes, do not cause wild results, and even

24 poor choices should give "livable" results.



2 of false information to the already chall enging task of inmage 3
interpretation. 4 In a broad aspect of the invention, an inmage is enhanced
t hr ough SWOHB/OFY¢al enhancenent of the contrast between nel(HHEATMNY820i nt
intensities by 6 fitting a first |ow frequency upper curve or surface to
the local maxinmunms and 7 fitting a second i ndependent, and | ow frequency

| ower clurve or surface to t ARYIONiTy Nspace or vol une between

formng a fairway. The raw 9 inage data resides within the fairway. A |ocal

range ketween the fairheayirtepe vehfonhxa prdadsstefmatishizing the deisiybdtwesh _
mninmumintensity is extracted for each 11 point. A local scaling factor is

det er m4ed Ji t ; ; ; t ! ange
for thei nagonbpfng Fite WAFFRade S PaEUSIING uie 1500 A1 KA fodiBgne
as to npxim.ze. the variatign ip intensity.between it and i.ts .14 nei ghboring
poi it s 15 oFgial RS- oreg, ol coQirBRR i 1K HEGE o Barthd d R TS o
"16 di nensi onal novi ng average, accommbdating variations in point

intensi¥i eABER 17 bet ween nei ghbori ng col ums and nei ghboring rows. 18
Preferably even outlier points falling outside the fairway are 19 enhanced,

not by @ distorting fy %ﬂ&aéﬂﬁgé?reérﬁ];%ﬁmiﬁ%t " @ggés ! éb@%rdafﬂ %u‘?malges

correction which rescales i made ba upon a determ nation of
21 intepsity range of the outliers..Mre specif.jcally..the locally scaled
outl i erd niers iaten betyesh nrigabdring panfiE Sloitanly sidnifcant B e cotatls.
are ter’g)orarily stored or 23 preserved at a higher precision, 6 1 Next,
al | of &helsdiat law deedhedumalh eyeelsi diseam n i 6a%88 inghddedi-fRy IMages.i ers,
are placed in a histogram having a predeterm ned or expanded range 3

gr eat erS t hdheténés mmrgeinforohatiam availahigeinnad X-aayémageuhbntene migpt guess!
substantially all of the outliers. A histogramcount is nmade and a
predetsy m mad BufréniMimviirtiohs eARMhded tihie infemittRNOUT adriiel Gy AkeaBdnicre end.
Because the fairway 6 trends both |large variations and small variations in
intensjqy i Vg7 irfRQh At St i i ihe
o1 roey! ot "SSABRD. PRG0N et/ iTIRNE! T HLRIGTEMSRRS o PRE R BVERIBHT
devi ani%of the outliers, selected in this manner, are 9 usually w dely

di sper Sed 8Rd t hus onl y mninmally affect the i mage enhancenent 10 when
trimred. The trimed i nage points have a trimed range which defines
13 e improved conirast - 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



11 a new range having a mninumintensity and a new maxi numintensity. Al
the 12 points are scaled a second tine, this tine at a scaling factor

det er m nAMOA2/0326¢ 13 ratio of the trinmred range and the i PEFECAIPPMAN C
range. 14 Preferably the | ow frequency curves are determ ned using a two 15
di nrensi onal noving average and, nore preferably, using filter box nean 16
det er mMnat i on whi ch eramkeitling disttrtions thd artifidial dethils altioud avoiding addjtiom ed by
17 taking the preceding filter box suns and nerely subtracting the |agging
point 18 intensities apg fadai peoriitionerRAY ddbly dHHIBAgING skt of ﬁﬁé%é“ a
new filter box sum 19 Merely normalizing each box sum “by dividing by the
sum by 4 he nunber of Z%QQ@@@EW t he box, conpletes the noving average. 21
-7 1 BRI EF DESCRI PTI DRAWNGS 2 Figure 1 is an X-ray of a chest
in which many details are ' 3 inmmediately visible, but other detail appears

| ost i the seem ngliyn amrbad Aspeethdf theaheastior, drhimagd W enhatcacketretgial
“colum, and the uniformy dark vascular areas 5 of the lung; 6 Figure 2 is

a di gi tal | fee8Ra) AdBAssht s thBSohtiadY betwédd nei hb%f'ihgrp?)oz?ﬁﬁl%ﬂs‘ﬂ?@ gy of

the preferred nmethod of the present invention; 8 FI gur ustrates” a

LSPELL%ih,f rﬁﬁ@g%ﬁ%}“@&&%’%@&?ﬁeﬁ@% i %ff%‘%ﬁi&*e?@sfﬁa*’%%@@%ﬁ%ﬁ%

[ [ ign. T is 11

oxt 1 actod TEBhA RECOMAJEBETRRY AR FEURBPUIWEEUSR: PRAVERCE P R 12
bei ng shown with an exaggerated width for ease of view ng, 13 Figures 4a
and 4b &r elocal miricnuyma,pkie whace on velumeabetween Varmiagi arfainvayn araw
intensity within the sanple colum of data of Fig. 3. In Fig. 4a, the 15

i mage' 9 boiiage tataf msides withipothdsfatraalyheA doeal rangé efetween thgairway docatb is
a copy 16 of the correspondi ng sanple colum, again exaggerated in width

for vigv Ngaxidurhil Bermsifaafd FaPRai8cal RN iBtehsAP!ie BitRtefér BaEM Of
contrast 18 stretching, "applied to the data of Fig. 4a. Fig. 5a illustrates

the datfa oot 9, 188 Sedinh oot TO U RHhiA M o' FEUHG ooRBENRhETAEH gL oo

and Fi 5
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 c;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 upon 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.



"preferred

¢

20 illustrates reseal ed output data based upon |ocal data variations from
the nmean ' 21 which have then been being stretched to the full dynamc
range; 22WPi0g#629¢ 6a - 6¢ illustrate related graphs, in WREHCAH&M20cess
of 23 the present invention was applied to the data of Fig. 4a. Fig. 6a
illustrates the 8 1 upper and | ower bounding curves of the fairway.
Fig. 6blillustrates Negzt, ZAlcol thesgatadstorpdas ghigh ¢aecisioRi ipteriitieiss ircladipg of

t he correspondi ng i nage 3 col unm, exaggerated in width for view ng; 4

Fi gur e 7apatigrs/ ararfadscaiha 19iktdghemr Mavihdg RUbredtémihed ol expahdst einge
scaling fairways plotted thereon; the fairway of Fig. 7a being an ideal,
freeha 6 hagh h i - Fi b i al eqd. usi

k ﬂl‘s)é\%?%'gm?agvg?%ggn%@b%\gggn%l{h%ng%esa@ﬁt rI|gr en%‘lwouﬁgh goFi%éE?Jéék is
a fanciful an Y] resentation.of 2D bounding,9 surfaces. wt.h the
aw dath'r Ol REM ) ob B1K. BRI ot Rythral sa0hlg ided 2B A Bfeiidiieges
which result fromplotting 11 the |ow frequency upper and | ower boundi ng
curves r Hidsaleda appliadita dha histegramsolew erd gaditpp ang: Becatisguthe faiswayrd ob
are graphs which illustrate and conpare the raw 14 input data and a first
f ai rwayb cotrends both lacge eariatians andsmall yariatipnein intensity hedveen béighbannghe
dynam c range; 16 Figures 10a and 10b are graphs which illustrate the

i ni tial7 st paimts, pulliers @bArdppyan Gutdide i Riinddyeatalitbst Bpgtibedl pdsitidn ihGhe
illustrates a | ow frequency 18 nean superinposed on the raw i nput data and

Fig. 1091 Hwé!;jién.g%ﬁ‘é[)ég‘uﬂ fl'?e'sﬁ%‘éﬁheﬁ%npm fheSodtlierd! s8letfLin th A 3EHSr,'Eé”; 20

Figures 11 a ITTustrate the iterative cbnvergence et erm nation

fromt da f Fi 10h rei,n a new hS_ Llerativel det er m.ned
for the reg%%&l Wlﬁ’f&adﬂsgﬁﬁﬁ\%ﬂ@d Ehlfsegmgdﬁmﬂ@’ ?ﬁé&pt?'g\/ egﬁ)erEB as
to reduce the data pulation to . a new and small er nunber of residuyal
pointst0g Whenlt”ﬁ\"@%g uﬁ@ trignmed imgae;naints hayeis Biromied range owhish dafinege

i mge edges; 2 Figures 13a and 13f illustrate pseudo-code and vari abl e

def i ni 11 ong reew eangechaviogya franimym liptensityaand fef neweanaximuun rigiensity.add the
technique to the image 4 data; 5 Figures 13b - 13e are fanciful

il lusttati poimtotird bealsd\d sgcavnttinge tifis ttiped at auscdling faotor eetarmibé® as the
efficiency of the summations, Fig. 13b for one 77 point row of col umm
summat {pns RSB HRAI AR aifflinelinfhoe'SayiihietaRgdx 7 8 box col umn by
colum of row sunmmations; and Fig. 13d™and 13e using a 2D box 9 with a row
by row of colum sunmations, and then increnented one columm; 10 Figures
14a - 14c ill ustr at e Ppaferahly dbedownfiedienoyecuds i areudeteaninetilusing i anlive
definitions for denonstrating one enbodi nent of the iterative nethod for 12
appl yi 16 t Benemsiomag awadimg eavitrhge oandfi gnorb3préfetalsig! eisigi filiert bex upean and
13 | ower bounding curves; 14 Figure 15a illustrates pseudo-code for an

| provegl caBitiieition WRichSRTAPkEM rbQUESP HRE Ruhiber! SCEHIEaIBBoRs ré;@tﬂ_redlﬂ)?? 16
Figure 15b is a graph which illuStrates a faster convergence, 17 i1terative

det er m-pat Q% N r f - ' 18

et o P g o W dRGS (YT Pt Rére Bub i o oot Bl
18 intensities and adding the leading point 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



19 Figure 16 is a graph which illustrates the resulting upper and | ower 20
boundi ng curves of a fairway obtained using the faster convergence

t echni queW@r02@3206i g. 15a; 22 Figures 17a and 17b il ustrat ePCECAVIEWIRY aphs,
nore particularly, 23 Fig. 17a illustrates the upper and | ower bounding
curves of the fairway according 10 1to Fig. 16, and Fig. 17b

il lustrfates the corresp@RIERDESGRIPTIONORITHE DRARINGS 2 hi st ogram

correction step; - 3 Figures 18a and 18b illustrate pseudo-code and Fi gure
18c 4 illustrates variable definitions for applying the upper and | ower
boundi ng curves 5 defiufenddisadoriay QfaniC5§St B awhichy many 4edgils are

application of the first fainivay 6 and second hi stogram corrections for
“out put t3 ng immedatelydvisibiey eoud aithers detail aappéars éost im dbe cfeekiingly nif®riai lightes
19, 20a, and 20b illustrate output imges which result from9 variation of

the extgnt apdadef e SOV S5 VeRebraPesiumit; ArldythelOnifdrthly 48riepaddusr Afc@ismum
“bound separatl on (surf nmdff7 of 1.5% 11 Figs. 20a an 20b apply a m ni num

separ at ¢ on ,pf e% boundl ng 12 curves of 3% and are identical imges to Fig.
2, repr oducecl1 borrpar ative 13 convenience, and 14 Fig. 21 applies

m ni mrum boundi ng curve separation of 12% and 15 Figures 22 - 25 illustrate
out put §nages whi ch Figgurkt2 iy adigitdlly erdanaed amagke oftheextranof EFig.f1,|aferi ng
(imag_pcnt), as it applies to the denonstrated 17 noving average technique.

Speci figal byplidatn cf3hepRéieh@dambinotest thé p?é"ééhft inVEmtidR; | mage size and again
is an identical inmage to Fig. 2, reproduced for conparative 19 conveni ence,

Fig. 23 applies a filter at 7% Fig. 24 applies a filter at 10% and 20
Fig. 258applies a filFiguread ithasisadés tehéanaifiy cepriesentation 1af the nptimematicatD
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 2 An I nmage's Characteristics 3

Every ddgi salectioniof @nbasampldysviumna of aiage frol tHe insage obtheuXeapbf Fig.s1 for
ability to record relative energy fluctuations. Here, in the case of an

X-ray, qghe p?oééysﬁgf%m othef h@ﬂ’fcﬁﬁﬁ?ﬂ?@ p?éée@@mh\ver&mnt t ¢ﬁef§aeﬁmé dNasRNier

pl ate and capture a charge-coupl ed (CCD) device or

transil g %g[» r eccggl?imf‘ élheg‘rlﬁqggg F?EI g?‘ﬁ"&ﬁ{d sgpb&dg}'ﬂ?éneﬁtra@@gecdlﬁmn

usuaIIy set
12  being shown with an exaggerated width for ease of viewing;
13 Figures 4a'and 4b are related graphs which illustrate the variation
14 in data intensity within the sample column of data of Fig. 3. In Fig. 4a, the
15 image’s bottom to fop corresponds to the graph’s left fo right. Fig. 4b is a copy

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

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

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

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

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



8 resolution and the digital storage nmeans (data file). A typical digital
file uses 8 bit 9 storage which gives a dynam c range of 0 - 255. Also
known ar eWDi028820G6si ng 10 10 bit storage which gives a dyndt@CAYes2of 0 -
1024, 12 bit storage which gives a 11 range of 4096) and 16 bit storage

whi ch gives a range of 0 - 65,535. For the 12 purposes of this application,
Appl i cdnt upperstandt dawerm dopndings suofest ioé ihveesairwan.3 iFig.eBbi dlustretasg the 8
bit storage (0 - 255), the process being i ndependent of the 14 actual image
dynani @ r asgreesgurdingptolipiteadiang Figated he alicopyosk the astgeespendingl image
limting. 16 It is an objective of this invention to apply an inmage

enhancegren&olgjﬁ.lr{%Qgggg%ge%p{wmﬂpﬁé\nﬁgl ocal contrast and yet avoiding

*di stortion associ at exceedi ng-the i mage' s dynami c range. The
present invention recognizes 19 that one part of nmaxim zing | ocal contrast
is to stretch the | oEmuresifigando’ls bre gapthgrodthe raarmoput dadd af Fige 4ckhaNingst s,
‘f_rom point to nearby point, are preserved at 21 the local |evel - each

si gni f iz angcalingeiriials st thetbohbeMafaRysstdrig e Sty bnddeam keeHaAd Of
nost of the dynam c range of the technol ogy being used. Anot her 23 part of
t he enhanc . ' j t ] I e :

St et olbd. hoarant ety SEFEE A BobE LaEulsRe st Bebrsiaralf ridving .
with 1 1 clippin t he extrenmes. of the dynam c range. i pping
ocCurs whe?%er@Qﬁtqegg?%g{stp?&rﬁﬂ?degeﬁiioé’s an intensity value to a

t heoretical value beyond the m ninmumor 3 maxi rum For exanple, for a

dynam g range of 0-2ppyrecal Rdaqaheifll 7 paftidl tefrdseptdtigrobhop B@lindiagoe of
256 - 300 can only be Tecorded as 255 and thus details 5 within such areas

are log . ing. i: ia(%\ge 10 is provided for inmage 7
enhancZérren?l."#%éesr\g'rtég'ﬁe(ﬁEﬁ?ﬁ\steénl%sgdﬂg%@ergggwe 'to generate the output inmage
8 30 of Fig. 2. 9 10 Sanple Image 11 Image 10 conprises a data array of

about BY8 by 1007 pi Fjuses B2 and Bbparelsoluted ngrages nghish aeedlt iionh plotsiagp! e
dynami c resolution of 0 - 255 13 levels of intensity. The mgjority of this

di scl oppr eyd 'Iéwtfrétgrlgéncﬂfpgb'f)éﬁtérﬂ” Icert BBuAding B8RS bf“é@ﬁ%tﬁé% al:?esri%dsing

applies in a one dinensirronal manner to only ofne sanple 15 of the

col ums, of : | S.also described herein, the process actually is 16
per f or rred Pﬂﬁ®§83ﬁ%ﬁéﬁ¥?%&s usi ng nested operations for analyzing both rows

17 and columms. 18 This one di nensional, m d-processing columar exanple is

19 inttpduced as fol Fiywse Ja0ameBerarengaphs Which Blus@arohndneonipatative tdw
sel ected fromabout 213 of 21 the way across the imge, fromthe Left, is

shown 6 ph?b%t BBl Und¥ fitst Rt EGfecton' died Btd SBARI APa prélitBh'qteatét

pur poses on
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 illustraie 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 smalier number of residual points;



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 omWPO RK0K-ray i nage 10. The hori zontal axis corred§dicA01{0898n i ndex
of 4 the nunber of dots or points counted fromthe bottom of the image 10
(0-1007). 5 The vertical axis is the relative intensity of each point in
terns of a fraction Bigurdd26s dygraph diusématjipg data mitoting ahthe it@get ¢dgesal ue
1.0 nmeans as white as possible 7 (the top of the dynamic range limt of 255

for this particular fjle d 0,s .as hlack 8 as ssible (the | r

dynam & range 11 m 1) Fiouies 358 apel TariustiafS edudidbie S vatans deliBenso <o

1) of black to white was used in this imge, this particular 10 colum or

'subset Df wspacvily fos@ppbing aabefiiciersuneving: averggecieghpiqse tohthelimageat i ve
intensity of the data at the spine of image 10 is nearly 1.0. 12 13 Exanple
of Poor4 Ut détiazati ons of Dynamic Range 14 In Fig. 4b, the sanple colum data

"11 is illustrated shown 15 corresponding to the orientation of the raw data
curve 14. 16 Having reference to_the resu)ts of aope pr}j&r@ art. techni aue, in
Fig. 5@ 17 and 5b, it'Guekdatir i1Retdre faneifildllpsteaionseof Bieamoxing: 2viadey

renoving the low 18 frequency conponents fromraw data 11 of Fig. 4a_and
st r et ctf ngtecheiquesiartimpgoviag rthagefficiench off thiel supmatioosy kigyel3h forrorg 75a, a
cal cul ated and snoot hed | ow 20 frequency curve or trend 15 is superinposed

on t he 7 eapoii@tdw bé columm wointrhatidns2ihcréraesidconateldmigiflg. kBousinget Ry ques.
22 In this prior art technique shown in Fig. 5b, an output curve 16 is 23

producegd agof cbRAH by SIS AW sfhrhforis: 8Re A, {3@BhENS Rihg'atzD bexand

then 24 the m nimum and maxi num for t data are scaled to the dynamc

range. I Stk o o ol BBPIRCORRIN RS h ek HerdAeRled B bmiivever

t he residu
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 iliustrates 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. 153;

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



2 Fig. 5b is inadequate in terns of how the dynam c range is used locally.
Note 3 that the data at 17, having a very small peak-to-trough range at
poi nt s 33§0t03/0R0850, data at 18 at 580 to 620 and t he dat XCEAYCAB/WO¥MEt spans
from780 to 850 5 would ideally be corrected to a simlar use of the
dynam c range. Note that the 6 range of data at 18 uses about only about
one fi fit h tof Figh#6dgndnfrig. &b dliusiraidsetheacomrespanaling autput datesafierad secondl f |
and the data at 19) uses nearly all of 8 the dynam c range. This nethod
treat s ;al | hispigga®fcottdotiohstépre same and thus 9 does not maxim ze the
visibility of the detail within an X-ray imge. Referring to 10 prior art
Fig. 5b) one can see_that due to the large range intensity data at 19, 11
-causes & he smal | intEigsires 18mgand ot8hydtiusteate 1 8sewderpge bandt Figustedde o
about 25% 12 of the dynamic range. 13 14 Inproved Utilization 15 To

opti mal4 y #lustedteb variabte dafinitibns for appgng 16 uppen anbddeweo biogndmigl gurlés
“utilizing both a small portion of the dynam c range and those utilizing a
l'arge & p@étehflihedt é@cdremgl tocppg.r a8hs 148st4dogndapliestiomee N e tthiywafne
way to do this 18 is to identity and choose a sub-section of nei ghboring

" 18715’ Ty an on g
10, 20 v cprd iSUBRER erliine RACBERUAM SoreclSo ifRREARR Al d, ot

21 or raw data 14 é}f .Fig_. 4a and al so, sketched freehand, an upper curve 20
and a 22 I@\%Wa@ﬁr d791% These curves 20,21 represent one concept of
provi ding an ideal 23 bounding of the raw data 14. These boundi ng curves

20, 21 Rave a low 24 ?{ggfcl’éﬁ"P%Z@é‘,daﬁld@@@ﬂfusﬂﬁi’éaoﬁib%t ﬁﬂﬁéé@%‘iérﬁr‘ésﬁltt%ﬁ t hey

graze the raw data's extrene val ues; the upper bound grazing

m e (T ot e Sdentor el et SRR 0o 0t Phe Tuo

curves 20,21 ensures that the 4 local relative intensities or focal

contragt are preser vEig. 10ugplias nininilre boase sepairditorb(ssirh endif)tofandlecur ve 15
of Fig. 5a. However, unlike prior art Fig. 5b and the prior 6 art system of

US 5, 835,618 to Fang,_ the boundi ng curves 20,21 are ) )
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 ouiput images which result from a
16  variation of the extent of filtering (imag_pcnt), as it applies to the demonstrated
17 moving average technique. Specifically, 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



7 independently responsive to the actual data 14 and not on a nean val ue
15. 8 Together, the upper and | ower boundi ng curves 20,21 forma 9 boundi ng
fai rway 2wOMi0§6can be anal ogous to a defined data range REI/ENOMIOPE2 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
directl¥y scal abli fbd i PE TR dR XRED EMBODIMENT

contradi stinction to the mere 25% of prlor art Fi g. 5b 14 The chal | enge
for the present inveption i.s.to determ ne where 15 these upper and | ower
boundi g caﬂja@%@%i@&é‘i@%&ée pl aced and how, and to 16 overcone
conplicating (imtations inposed by conputer processing systems. 17 The

remai ndgr of this SPegely aRjthPdediis RbeMyriRBIdRgd WhidFses Healshek bhese 18

boundi ng curves 20, 21. I'deal Case A nmathenmatica

correct ro , . S the
"boundi n‘b HP@@S{C‘ZE?CS%%%&%}Q&E@"@é@ﬁ&“ﬁﬁ’ ﬁ%pﬁerg’aﬁ th% %#') Oflgﬁr?g?&) tbtstl ne.
An i nput data poi is a pixel poi nt V|n own intensity, f 5 the
sel ect edl cHIEMst quftﬂ%ﬁ? e @'re“éléfl%ﬁtt@é‘ f‘?'Brﬁg Pﬁ‘és late; g"i‘bﬁ%ﬁ
points or rows in each colum 11. image Point - Lower Bound) 7 Qut put Dat a
Dynani 6 RaAgehaxge-caunlpd etCEoNndevice ove tha@oliarsiBunieaton thraggh Himtin- ai s
the value of the input data at a given point;10 Lower Bound - is the val ue
of the M nsoarmearur Vﬂwiatdyﬁwnimeran‘gbsmspallyttsel%ymperreBOtdtdg-on' schmwingal ue
of the maxi mum curve at the veryl3sane point;14 Dynamc Range Limt - is

the Dynam Goddiiitth Ahditte ng'itaiétérefdé Pbans (éé{tétfﬁé'? (A @fficad dfgital BlRAILSIHRUL

Data - 1s the corrected data val
9 storage which gives a dynamic range of 0 - 255. Also known are files using 10

10  bit storage which gives a dynamic range of 0 - 1024, 12 bit storage which gives a
11 range of 4096, and 16 bit storage which gives a range- of 0 - 65,535. 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 distortion associated
18  with exceeding the image’s dynamic range. The present invention recognizes
19 that one part of maximizing local contrast is to stretch 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 io be

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

12



17 The success of this first correction depends upon the nethod of 18
determ ning the upper and | ower boundi ng curves 20,21, determ ned fromthe
19 raw i np@x02i0age data 14 and two predeterm ned vari abl esPGFCHGI/EARY er s.
20 If one can achieve the ideal freehand drawn case, no data points 21 fall
out si de the bounding curves 20,21 and Eqn. 1 is a full solution, all |ocal
22 contt asthppgieg g the extened ainthesdyriaedicyahgé arClipingy ocodepehdentditradt

ot her areas 23 of the inage. Unfortunately, limtations of nunerical

met hodsp an@.trétzcﬁ.rigagwés af ..%eﬁbw Y8R0 raeﬁw%i‘é’uc‘él Gélaé%ybhatthé mnmcarng

curves will not necessar 25 enconpass al t he poi nt Havi ng

LTSl S AP DB GRS AR,
e G508 SOUBIED LT oAR Sl ST 058 ALY L SIS Bl ™

‘calculated fairway 22; in other words points in the raw data 14, and i nmage
10 6 over aMithinssugh aeas arp lesfi ng cl i pped somewhat, al t hough using the
preferred 7 additional techniques disclosed hereln the inmpact is rendered

substantially 8 insigpifican 9 For 4.he, best.r uI - step.
correction is inple "iﬂ? {%fteﬁ%%ﬂ go fldg ﬂe%g’r 5@%@ tqs 3),%5¢\\’Aﬁﬁfzsf§Pé'£‘P88| at ed
fai rvvays 22. Addltlonal techni ques, including 11 use of a histogram are
used t of hafBhaneenaeplt rhepse iBvention Was a&%l:!e%ht%%ﬂ?iaé‘ﬂ the oyt q{th@aﬁlﬁage

i nformation contained therein. 13 For exanple, after the two-step

correct® on30tdiFi@d.ire | ength of the 14 upper curve 20, for the sanple
colum of Fig. 3,4a, produces a failure rate of 15 clipped data of only
about 0,2% of the population of the colum's data 14. Any 16 clipped data
turns out to be the |east i nportant of the points as they are spread 17

t hroughout the corrected inage 30 wth the result that no nei ghboring group

of 18 pgi ngém)@eq,lﬁgggr‘i ginal image 10 is distorted. So, even though the
CUrves

boundi ng 1 , 21 thensel ves may be associated with a failure rate
of about 10% at
11 Image 10 comprises a data array of about 878 by 1007 pixels,

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 invention 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



20 the first step, the second and final correction results in the much

| ower failure 21 rate of 0.2% 22 18 1 The First Fairway Correction 2
I f the ouWiOI@®OSHGIi nts 23, which fall outside of a cal cul atREI/€AVGAAE2 22 3
(e.g. see Fig. 9a at about point 330 and 350)) are i medi ately constrai ned
to the 4 dynam c range, the inmage data integrity would suffer. Such
constraj nts occur 5 Tfiingdo Fy.ckanig eaw ats ef tHengamphs edlanmit 11 iszploted
vari abl es declared as having 6 the sane limted precision as that used for
the inpat bewas HBaubiey bivkanceTnanei ikl igs oPdbrdiH LomesthiRaotiie
upper E%ung co ﬁgﬁypoeketica l'y Ee % nathenaticaf?? é%gked to 280. Based
on a dypam n f - i ug | i I | t and
the el bateRT R ek TAe TR heiEnd SR sPmeabhb e B An RaRR e
storage, neans, to avoid clipping outliers at the fai y. 11 correctign, a
Cempor dhy. the AumPet porets eahoBEs ainrtedfictn the bafigree! Pmagsetd KpRlh: .
‘range and the data is maintained therein until an additional and second 13
cor r ectd onThe veplital edis isdhedgelatize irdeagity elerpghopeintinignmgala bactioneefdheo and
the image results 15 are tenporarily stored using a variable type having

mor e pré&ci diysemidiengehe Fbb thistgmgdy henthe valogel .0i means fgr whkargs! possdilsle a
dynamc range limt of 0-255 (8 17 bit), 1023 (10 bit), or 4095 (12 bit),

as are gur (tﬁ@%b’ of HETEPhArAld lgBQTmiﬁbPQES’ fdr&hisBerBcGar ﬁle)%n’éit@isdéé giaékbyt e
(16 bit) signed integer variabl'e woul'd suffice.” The 19 2'byte integer
allows dor .8 LALGHE [tREHBwek CaFtRIMhd* IR ivnits! - Wil QinRfhtially ' tHE Santire

9 dynamic range (0 to 1) of black to white was used in this image, this particular

10 column or subset of data only uses only about 75% of it. 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 1o the results of one prior art technique, in Fig. 5a
17 and 5b, it is known in the art to preserve Ic;cal contrast by removing the low
18 frequency components 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



20 negative nunbers as well. Accordingly, a 2 byte signed integer can hol ds
the 21 outliers wthout incurring any distortion effects. 22 Havi ng

ref er encewD@2@Bp96 9b, applying Equation 1 to the sanpl e 2FECAMI0MRA a 14
of Fig. 3,4a, and using the dynamc range limt of 0-255 as an 24 exanple,
the cal cul ated tenporary data 24 ranges alnost from-50 to 350. The 19

1 resul{i nginglsié appadasts presdrebsitedives détaill ORbwewnsr, ties résitlialedataqirapls of ower
than O 2 and greater than 255 except that they are being tenporarily stored

i:cEr : Qfﬁt?h%h@é %p%[‘?éﬁééﬁﬁgﬁsﬁééffLd?teﬁ’iéhceé?&*@?!&: e i SRRl hpe
[ ' [ Fig. 9D, ' o
“Second H ST ARHAE At didncrdevard apnak Pk o BB Ees A figB 0 Kot

Fig. 9b is, for the nost 9 part, forced back into the dynam c range of the
| mage. Avar PB0eUakant 18281 B8 10 620pans die dela ehdObat snahs (o8 FEtb {850
‘forced failure rate. Sinply, a 12 histogram of the tenporary data 24 is
cal cul & edwanil Weally pescmrécteddela similanube af the dyoanic raatgear Notathatftheed
for the good of the majority of the data 14. A reasonable 14 first pass is
to clipsorrdrigenofhuth dt 48 Lsed abdut oy kolduoronk Hitangf tie dypamic %anget he

15 data is trimmed and the remaining points are scal ed back to the inage's

16 dynapm CM"%E%% Hx’e7d§€a08f 47 ngées aﬁéutdﬁaﬁﬁ'é}%eﬁ]é Badl SR 6T ugkey %ﬂ%?@‘é{l?é’ and

in Fig. 18a, e second correction uses a histogramto asse

fai rway, coprection. 19 tenp r t of , ELg. ng,t.rins I t and
hi ghest8 1 £%e0ﬁy?%glcd§qr§e.Zgh%néeﬂiqggfrﬁéﬁggq FP%@@Q?%@% tb% %5*%%”9% sin
t he hi gher precision tenporary 21 variables are then scal ed back again to
the | ower EP@%P@f BrXgnizerige la'HYCOfrtBﬁdj@tangH;“”@’l &-raymagge 'PQH@
output data 34 is shown in Fig. 6b with the entire 23 output data for all
poi nt s1bei pyor apriigedbednencareee dbatudue tadle dargef rapgg. intensitiedata 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 Utilization

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 independently. 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 curve 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



1 effect on the output data 34 for the sanple colum 11 is illustrated in
Fig. 6b, 2 wherein contrast is significantly increased) and to the sane
dynam c rwoege/osde6r egar dl ess of whet her the points were oriRAITHEA0Y00982

nei ghboring in a substantially 4 low intensify (dark) region of the inmage
10, or substantially high intensity {light) 5 region. Conpare colum 31 of
Fig. 6by repf@nenidiings;tthe wﬁe@m@ndo@faafn@%cm axfmime (20j,20,nal.20p) aman 11
and data 14 of Fig. 4b. 7 Notice in Fig. 6a, that the fairway' s upper and
| ower ungj i iniffifdhs Y271, ¢ ranges which are all
near | ybzéqug‘l?@g@éﬁugﬁgﬁgﬁgﬂgméej?dgﬂﬁ%ﬁpasss g%é’% Bf'f%@grredi um range of
intensity data 17 present 10 at points 330 to 350, the small range of data
"18' at $80 to 620 anThenewdfedquency Bspacigfshelteoadurvesige1oénsimesathEd the 780
to 850. In application, the trimrate is 12 found to be far less than 1 %
.13 Thi s pr presrelsbive Ptdidties ¢ foBHl dthtifh Are pfedergdd tjns Y phesicase®f e

| onest val ues, stored in the tenporary high precision data, neans that only
a few S e S Ofppa ' f ted
2t a1 5 1o RERErnG BRRE BN 58 e TR, oA &t 2. 815 g End crEE
quality, Sinpl afe [ xtrenely, bright {high intensity)

poi nt s,GWnPgﬁ sg/ﬁtggp ePchéél f@%@ﬁﬁg ﬁodvga'i%’ btggn bg\ygﬂirgri & ﬁ’?hl A%er e
trimed. However, it is false econorrﬁ}‘:| to save 19 those few points, at a
cost off aninsgeeadenty,iaspopsivertadie petual dataeit ppd nokRge megnyvalue 14,

Determ ni ng the Upper and Lower Bounding Curves 2 For the first fairway
correctd4 on) sone cri ] r ed t ] he t er and
| ower béoundi ng curvegsé%f???’. ﬂ}%%yre?t%éfééwggeﬁdﬁgﬂ&e&m e?’o\?)ffgﬁmiél one
sense) att t to best pljcate the freehand 5 gurves of Fig. 7a.. Th
orireriS | BebudS mivey 2 WhER can B anahoont e a ARl e8la Brierfen Ml pper
and | ower 7 bounding curves 20,21 are nmade of |ow frequency conponents; 8
t he frt{uehelibnaiehcsireighed tothedynamicdangdough {smoth 9 enough) to
preserve the local, detail and yet is high enough to 10 separate sub-areas

oo B g 3 contbuCt it BF £oBRahgbHie! RucduBbRetint R 8080 T B  ast
bet Weep 2 a Elln d%?a(lj 15%? ;SHQ%)S-O are both directly 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 fo
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
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13 the maxi nrum and m ni num curves 20,21 graze the |local 14 extrene data
points 20i - 20n, 21li - 21n; and 15 the width of the calculated fairway 22
is sim|aWaQ@/aSps one of 16 Fig. 7a, yet it is understood PEHEASHESDHf t he
points 23 will end 17 up outside of the fairway 22. 18 In the sinplest
terns, and using one nunerical nethod or another, 19 two boundi ng curves
20, 21 afe frhe lggalthgsg aw i nput data. One upper curve 20 20 having a | ow
order or low frequency is fit, as best as possible, to the maxi mum 21
intensities for the data 14. A second curve 21, also having a | ow order or
low ' 22 frequency i 4 mathematicad cormgstionsas inteducgdtinEqyaiiomim(pisoeadiit i es
for the data 14. 23 Ignoring any outliers 23, each point which is between
't he twdB bo&igli 18z) @pplies &2 boundifig 20n&k 26,2 1ke axijadtezhcharawhimputrdgta goidy,namni c
range. Because it is inevitable to 2 have outliers 23 with any nuneri cal
et hod 4isednb Gt @etirhie MALInblEdERNRIINEBG BixbPYEpoiRPHARhE % ItdwWiemtassityl fort he
above descri bed second hi stogramtechnique 4 is provided to mnimze their
ef f ect sg on ' e eL i Ri-n r and
over Eduniihgeibas SEUNGR o Him Fig 30 sPRcld i AR e dnBle Muiolss SR
means that a. ttrend 15.1s 7 8roduc,ﬁj which is made up of a series of points,

each of mPEH‘?QrERW%{fb?%‘{J% %lprrgl s surroundi ng or neighboring data. A one

di rensional (1 D) analysis would 9 sinply be to sumthe intensity data 14

contained within a predeter 'nedFj ntte \69\1'1' 1% Pd then repeat that for each
poi nt and do I@E&Euﬁﬂ"_ﬂ:. _E_EB T?_ i rages

t he in'?fe)nsi ty dmb\t/]mﬂt)ﬁ%ggemppeeﬁosmdﬂmmB@mﬁ%%ﬁ%’?aﬁéas it ?és&no‘i
anal yzed. For the purposes of this disclosure, the concept of an area as 13
a rectangul ar box is inplenmented, with the average or nean being applied at
its 14.8center. Thiswhsteor filter box is dinensioned as a specified nunber
of rows,15 either side of th i nt, (as,wou be t case i.n a solely 1 D
anal y_si%), and a 16 ﬁun@@g%?c’@gfmé veqllg%gkﬂgqlgguﬂ&at@@ VAT _poﬁ, I n one
enbodi pgnt it is conseni®nér Beuadp! i¥ theiud GfIHEMBMMUM drvehat theageryof
Fig. 149y selecting eacgyfk gdig: i mege’ s individual colums 11 one

12 e Upper Bound - is the value of the maximum curve at the very
13 same point;

14 ¢ 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 the 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 Eqn. 1 is a full solution, all local
22 contrasts being preserved and scaled substantially independently of 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



19 by-one. O her approaches, such as a row by-row anal ysis can be enpl oyed,
20 affecting only the order of calculation. 21 Upper and tower boundi ng
curves 20WR1028fW6det ermi ned for the 22 sel ected col um 11.PAEEA008822D
anal ysis ensures that, not only is continuity 23 naintai ned between

adj acent points in a colum 11 but) also continuity between 24 adjacent
colums 11, 1'1, 11 .. Havihgmeefetendeedo Fig.fAst caleslatgd acdbesn20 24 havéhe 23
1 exanpl e col um-by-col unm anal ysis provi des exactly the sane effect as a

row 2 ly- rQiW\iI%l'Fiﬁ} Y& the ﬁeﬁ%ﬁg %digge Je%tih?até@‘dff'es*t'm erdarf Wvidd byuiing

\r/]\ﬁ: gﬂbiorl ggsgo! a:s, . on 4 poi nt |tn Siach co u(rar.nil nt ise;:f'lleng row, each ce); A
et ot yvebe Qi 3 BPatoasd faRelh¥, Sk i L diitnd, hantefi dhgy bRP8°)
curve o vi B8 SO CRHRISaNE: 2o rahesf el SRl panCh Rl GiStle B B

"points; those having an intensity greater than the first 9 nean curve 15.
It al s@ di chldukated&inuay dat in otharnvords peistsdimthe tavwe date Jdl andomage 49 of
poi nts; those having an intensity less than the first nmean curve 15. 11
Then amg i t evexially &tifir e sup i eingr dlippeed somgaihat usithgugh nusing othé2 peaferrede
techni que, to cal cul ate successive and new nean curves for each of the 13

residual  upggkioAld E@HIGLER RSP PRYIAL itRE PipRei 8t Forfferdd - substdrtRilly

popul ati ons 14 40, 41 becone snaller each iteration, each successive nean
curve I'esiiggﬁﬁe 15 further and further towards the nmaxi mal and m ni ma
i ntensi%iell - "and 21; 16 21n of the raw data 14 respectively. 17 It
i s understood that other curve fitting techniques could be used, 18 and the

exanpl g nmovi ng aver ager thechedtaasultna tha-steptditrectiph iigrirmsiemebtaetoharddlet hese
options are disclosed below. , 20 In greater detail, as applied to the

det icnat | ; i s fngs. 10
o 0 B Rty R Soc Rt RihaysoRe. ARl R, iy Lo
Tur ni to Fiag.. 10 first f ' | at ed
o Pt Py Br g et B AT PR LRSI BAEHINS I, b3y BUSHER, °3

| ow frequenﬁ(1 curve 24:: parti al ,beg use,only the 24
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 distorted. 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



1 residual population 40 of points greater than the | ow frequency curve 24,
have 2 been plotted. 3 In this enbodi nent, determ nation of the upper
boundi ng W&@2&3206 4 and the | ower boundi ng curve 21 are pRGUEABEDPE t he
sanme manner, iteratively 5 determ ning successive nean curves and reducing
the respective data 6 popul ati ons 40,41. The description for the upper
boundi ng cUThe ik Fapwhy Sorrectignal |y to the | ower boundi ng curve 21. 8 For
det ermi ni ng the upper bounding curve 20, the first step is to 9 replace

i nput data that is | ogwer than the cal cul ated nean | ow frequency 10
conponeht s data. Havlfrige oatigraeirtsi3s, pyhich falloutsidle Qféﬁﬁ‘PP%edjgi"éNaM?zi s 11
depicted, and for clarity, the ower points (used for determ ning the | ower
"12 bourdli n{e.guseeFigl 9 afrabosih point G0t areb350) are mamgdigiely donstrained tadhes,
the first 13 step is to identify the residual upper population 40; and
create an gyhamicratgel thge etd@ta infegritymasnd suffer.a u@hnEomstrantts dcdursi s,
of the greater of the input data and 15 the previously cal culated | ow

frequensy GAERANGAS Bbfitén ploBoblihg %A URliinG YaridBeBRpbIAHAYE Havinghe

resul ting popul arti dat a has tarl at t | oca

peaks d has Ly L.ow fr enc npo the | ocal, vall.eys. 18 From
Phis s & alfih sEDpfimoueRR o B 160 Trar B Tudlng s 30, o RviRtined sanen
nean curve 24i+1 is cal cul ated. The new | ow Lr eq@ency cogeonent,s of this 20
resi dual pBptieat ipgint JeliRg cabRssethenr UPREN gPRUREr GPHId ebYBStheligallyeabedat a
| ocal 21 peaks and the valleys of the |low frequency nmean curve 24i+1, on.a
poi nt By poiathematicallyi scaled to 280.c Based drea dynasic mngerefd) 1205, fipoutlisron
40i +1 is again created 23 bei ng conposed of the maxi num of the residual
popul atd onwanil i hes dlippeds t6r e65ieany (e retatives intéhsity data Awosiltbvise ilosfi g.
1lla, this process is repeated in an iteration loop 2 fromi to n

|t er at4®ns pcBERINGY CESNG diGitdleRitage YEar<Ltd BBl SIPpRRFOMed &' tRY fivvay

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 Eqn. 1 is applied to the raw data of image 10 and the image results
15 are temporarily stored using a variable type having more precision than the
16  image dynamic range limit. For example, 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 standard 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



3 nmean curve 24; as each successive nean curve 24i+1 is calculated. 4 The
sane iterative approach can be used to find the |lower 5 bounding curve 21.
The only WiOrR&5Méce is that the first and subsequent resi dREN/CE01/GNr
popul ation 41; to 40n (artificial inmages) are cal culated as the | esser of
the 7 input data and successive | ow frequency conponents of successive
curves 96; résulttng?@ata Fanglsngiobhtt prdduee ugiptrticnsdidroywtiiedpoimtd foweruthagsOi n
this way produces 9 an adequate cal cul ated fairway 22 as shown in Fig. 7b.

10 I'n ope dj ééfé?thér?%tj*@(céﬁma?tg\%) gq@ﬁggﬁgwﬁ\paﬁarﬂpgweunn fthé highbr 7D

t he upper and ower boundi ng curves wi ch the  bulk of the raw 12
data 14 wth respect to the 2D i nage, where the
"13 cal c%ul a ?%#%éé'bﬁgatﬁ}tg(?ntgaeﬁg%acbg&the fairway 22 of the columar data 14
can be 14 extended in the second di mensi on (adj acent colums) for each

_successqve 15 anal yzedsssindoistognamaiorrebionds dppliedtnhpg@psiatsy tbslevbhbune
between two 18 snooth surfaces nade up of each adj acent upper boundi ng

curve 28,2 : 7 %y%gp haC ONEH 21,21
(21% Qersmténg ?%t%'e%ﬁgw %}9/ he {Jeg'?ke)ﬁ g@dgf)ower eltog(%"r'l g grﬂdrs gf;lnces
a20+,21 + re Figs. 8a and 19 8b, respectively. 20 The nonenclature

boundi n§ curves 20,21 and surfaces 20+, 21+, 21 are used interchangeably
herein and generally reflect the context of the analysis 22 process, such
as whet her ,zed on a line-by-line 1 D curve basis 23 or in
2D si muf t ad@8uRS ‘ aedd) for efficiency purposes. 26 12314
567 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 In this 2D context,

the crigeria can be W@ttgﬁ@gr@@r@gﬁ prSK)4ibH #dbld=RS of PqNoIPR! R b Bost

maxi mum and m ni mum boun made of | oW frequency

conmponegt S*pa}-tb?orggé BESR AR HE &%ﬂ?csﬂé ggcoqsthgrl%%e "Garious 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 top 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



| ocal extrenme data points (20i-20n or 21 i 21 n); and the fairway 22
separating the surfaces is close to the extrene ranges of the data with
only a snmMQ02/32eer of outliers 23 ending up outside of thRCT/OANHMILt ween
the surfaces. Having reference to Fig. 11 b, the final iteration 40n ends
up with a maxi nrum boundi ng curve 20 that satisfies each of the criteria

above. fPet effettnomghée hetgxtdiatadd4 forlihe sarmpleecsiymBut vds Afustitatédeth Fapesb,
conventional approach to determ ning | ow frequency conponents of a data set

Is to use ﬁ/h@Pé’h”ébrﬁ?“é%rtqgeslbﬁfﬁbﬁhmu%&éaiéd t8hd 18 tHe ¥aflc?H ?ﬁ‘arhib r&vgsi der

a subset of the data (the immge); calculate the average of this subset

(avera ) . e_d at
the cen erpéﬁﬁ%% i ﬁ?fh%h%ﬁﬁ 64;1@%&0?&%?"@%@@?P%Wfbﬂ%ﬁ%—i@% Mo

di nensi . ntation_ s to use a fil havi n an, o unmber
ot "por o loyt EteneiBF (TR telpraAs the imiage dorensubtantaly AP m%%ﬁlg!a ot
‘easy to determ ne and index in various data arrays. For convenl ence,

rect andul aregiont &onreare; eolynsdl oelelig. 5her@\F@%{ﬁ@gdhet%ap\@Bdtd:ﬁt&\ﬁﬂhWﬁht he
box being cal cul ated and the result being stored at the point |ocated at
the boxss tendeginalltdumenteandtatahé4 wh¥Figagibaverage filter box is noved over

one point and a new average is then calculated for the next output point.
Efficient algorithns ensure that repeat al culations are mnimzed and in
Oy Dbl By

this sefse there mayNOdGerinpEIG O St APPEH YD dgween, BRUNGiRES

process is 27 1 performed for aII poi nts in the i mage. O her shapes,
such as8ci cutves, 26,21 define 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 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
16 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 even brighter 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 used and wei ghted averagi ng schenes can al so be used as well. 3 The size
of the box determ nes whether the order or frequency is 4 | ow or high. For
i nst ance, WioR2/06H¢ 1007 data points of the exanple col um RCFEMIAPEHuUL
data, a filter box of 503 points would hypothetically result in tw nmean 6
points or a linear curve of zero frequency, blending all of the data of

i mage 1D 7Datemubinguihée téppananddmwerdBowsdinaOuoyds |f the box is nerely one

or three points 8 wide, the nean would be virtually identical to the raw
data, resulting in a_high 9 _frequency curve which woul.d not preserve . .he
local data at all. TREMcHi& é'éSto?a'f‘ﬁ%yl‘EPrﬁchgnofscﬁ'ﬂ% piiterig; gr ﬁ?@ﬁﬁggd in
greater detail below 11 A noving average filter analysis has_several,
‘practichl detgeming e extreme UpeRh@ndolewes haipdinghcurvasy 80i2d . nd hgatrifepast
the edges and thus artificial 13 techniques are required to cal cul ate the

| ow f r efjuedefine dhp kst whickarint tige sénsegatiemphdo arest hduplisatendghe Hissehhdre i s
‘a high conputational inefficiency, due to 15 many redundant additions. 16
Havi ng g ef gigiae &f iRy FFHSThd &ritdtth ihdlidetthst: way that image edges 17 are dealt
with in the current inventionis to mrror the data at the end points or 18
i mge borders. A tenporary data array (inmag) is provided which is |arger
than 1%t he di nensi oms tbe madnmumaeddainimumeurvesfprming the sppemnandilowert he
array with 20 sufficient roomavail able at the beginning and at the end of
the i mege data for 21 thwuriding eueesd®,2d afdmademindwdfequenay soffipohents] is
dependent upon the size of 22 the noving average filter box. At |east as
many points as'/2 of the filter box size 23 (dinensions of col pad and row

pad) mS8t be mrrored tthepfraguentie of eagh chipve 20,24 ishlow engegBdgenesth

still calculate a mean and store it at the inmage' s edge. 28

9 enough) to preserve the local detail and yet is high enough to
10 separate sub-areas of interest (for example, so as to 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 to 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



1 More particularly, and having reference to Fig. 12, the original input 2
data is the sane as previous graphs except that there is a | arger range of
poi nt 3 nWHEYE20¢ or t he 878x1007 point image of Fig. 1, gBCHEAPHEWS2 he
negative 4 nunbers | ower than point 1 and beyond the inmage edge of 1007.
The mrrored 5 data 44 is shown prior to point 1 and after point 1007 as

denot edf by 26@1i dan &kt scziéd Go |ﬂh@ﬁ‘ﬁa%é’s dymantis trafgér tBddauisa! it Baihavitsblexact |y
a point-by-point mrror inage of the 7 real data 14, which ranges from

poi nt - by ror i (7 real data : ! t
poi nt's 2 { Aad@ Qs Y il &R nufheHia mBth6@ 1Rl foSdoRfmMdHd GBber'gid! ©

handl e the 1 nmage' s- edges ause the resulting artrificra at a

to parrt o ) Shbks 852 bfuds UFRrRE droshel AgialfMtaehiRpll L

data-and-artificj data are the _sane aa}ﬂt_hat found within the 12 actual
input réaw HRRVICgio RnImIZE helr sfieets oriha MaaserhangedeMput data and the
13 artificial data are simlar. 14 Mowving Average Filter 15 As set forth in

h le Visual Bag - ' fo i d
the sanple Visua .aﬁrfel Fthﬁéd)B‘PBEate‘Fﬁﬁrﬁ’lﬂéri;acﬁé e?-GaerOEBgvé?lb#ﬂr?gfng ét?rf%legi“em

13b, the normally inefficient noving average n be nmade

t hrough.t he.repeated_use of val ues cal culat.ed .once and appl.ied 1 n
tinmes. hefhi ?Od@r é?rﬁong?‘?ﬁgnai@ogpgoavreég% T e-gh'§os' ?3f ﬁ‘%e%'éseﬂ'g% %g'@é‘%ogg F'gg. 19
14a as subroutine effc 2dma when used to cal cul ate the upper and | ower 20
boundi nf c@redisegonbich ismads Be of atseries ofpaiaisepache of Whichhisamavemeeaiges

of 21 the image 10, by a sufficient nunber of rows and colums to satisfy
at | eas8'/ f#is duratindirg antineighkareng dateensA ome dimedsioall ¢1€)) &malysi@3vaide t he
imge has its edges mrrored, then noving average 24 techni que can be

appl i edot osfiplgl Behie s the erersinydataundagaetvehiAQ Blodelsimined fhtdwal,i ed
mechani cal ly, a noving average technique is conputationally inefficient 2

as theyg apfqrRaN r%geaa%@f&aégdﬂ Béihﬁiﬁ drfdbivh @é)saﬂ@b%l&nﬂﬁwaﬁ\ti@u' ar

concern 3 as the I ng average tec ue I1s to be used In an Iterative

PrOCeS$1  analysis averages all of the intensity data within an area surrounding each point

12 asitis 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 filier box is dimensioned as a specified number of rows
156  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 lower 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 11,71,11 ... is maintained. In fact, using a 2D analysis, the

23



4 Turning to the pseudo code of Fig. 13a, at A the overall inmage 5
dinmensions are initialized as rmn and rnmax, including the mrrored data of
6 di mensiWe R&Mpad. At B the filter box colum di mensi orRCTACA01/44P82) al i zed
as 7 c2bg and c3en. A rectangul ar noving average filter box with uniform
weighting 8 (of 1.0) is applied. 9 Note that in the |east efficient

appl i cét i oexarhpleheolumwi-bycolumreanalysie rovidas exectly thasape éffectassaiewt of a
line (1 D) or a box of points (2D), the filter box, is 11 sumred. In such
an analysipy-rél@nalysiaundi ng filter box of points is incremented 12 one

poi nt, each point is sumred and a nean is cal cul ated. The nunber of 13
operations is each to the nunber of point addition and a division to get
‘the meah. 14 Effici eRaghicelumpi diemase urrhawiuwally qj neighbaring RAINR. ofe t he
filter 15 box averaging cal cul ations are repeated. 16 Having reference to
Fig. 13b, point ikneash aoturbadtersectingpow,ieach Bf Whichsist sgodiatedawitbvaof

‘i mage points | [ I ., a filter box having a denonstrated 18

| .
di mensisn mierilsitg%my (HRNIBThE Ayrnaiie Pande). BRIAPERRowING Aeragsl i peddfthéd ons)

19 and are divided by 7 to determne the nmean) as indicated in a

Nt ghl | gt ego $A4R1 aéd Plowt ABHENLFbr SdoffPBEREER: tliggn!dle mbah o the

I ncrenment ed one coFunn, the 9 val ue of the point rntheé |eftnmst colum is
subtracjed fromthe sum angd .the 22 val ue.of the point _in,the, rightnops

ol um 1 < s dafenafy i nnfhi Tieds v diven 4o 38 date" HdRic a0TSHREN o1
2 arithnetic operations and one division. For larger filter 24 boxes, this
resul t $ i nuppgigeoRYAon AQ 6f prinisiihegs. haadng an inteRsily; geaatemthan e Hrdd

t hi s '’known approach to apply in work in 2D 2 and can apply it to an entire

i mge 1B winidae awwe didngltradge divides thel raw daw 14 inthes eesiduadrligweapgpulatioays of
points. 4 It can be denonstrated that identical analyses result fromeither

aI 5 rlcrymtanql1@ﬁ)Ipurms;am@s@ﬁahingrarainc@isimemamneaiﬁe:trrﬁ@@ﬂﬂcuw?e f8.9. 13c, a
prurality

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 20i-20, and 21;-

16 21, of the raw data 14 respectively.

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

19 these options are disciosed 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



6 of filter subset points in adjacent rows (seven high, three bel ow center
and three 7 above) are summed and then the resulting row suns are sunmed
across a WOIRFA6ity of filter colums (7 wide). ResultinPGHCAHONRe
calculated nean, in 9 Fig. 13d a plurality of filter subset points in

adj acent columms (seven wide, three 10 left of center and three right) are
sumed ‘hndrasiduatinepulation 40 f raintsrerestersthan thedowyfraedenayt @@yea%%@wm ity
of filter rows (7 high). 12 Fig. 13e illustrates a 2D application of a

r ow- by-2 owbeenypiotieel. of the 13 efficient cal cul ati on approach as descri bed
in Fig. 13b for one dinension. 14 The approach illustrated in Figs. 13d,

13e are only visually 15 -illustrative of a noving average techni que

‘appl i edin 2D Act ualn {his gghodimpat, detemaipation pﬁéh%yaeef opnging Lssves0c and
D, the analysis is actually staged into two 17 iterative steps and a

nor nal i4at aod tbe dpwerlBounding founes 21 tare parioemedeip, thetsabe onenrdirnierstively|
filter box colum 19 suns are calculated for the plurality of points within

the filger dbtetnihingnsuctessvel 2eadr eusvel ednd Nrédieing r the (r@sFé?cﬁveFOtﬂaﬂah_e
entire i mge, each successive filter box 21 colum sumis cal cul ated using

the effgci ?EEU%{&%@W@?C hThd rb%s%ﬁénﬁdnz gélf ’F']Hét Hgﬁe?%ddﬁgﬁ?@eéu% bbeagistaker

poi nt for Bbox col umm su second i terative step, at D

per for e, 2akAL G0 RaEBAMAY BRARly ST "1 oy hg average curve in
the i mage sinmul taneously. For each and every point, 2 as shown in Fig. 13e
for a syap shot of oferRRieHmIniGethe! Lipsér BOUNAIAG \Wive 25 the first step is to

9 replace input data that is lower than the calculated mean low frequency

10 components data. Having reference to Fig. 10b, the resulting 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  step 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 curve 244 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 244, on a point by point
22 basis, are calculated and a second residual population 401 is again created
23 being composed of the maximum of the residual population and its low

24 frequency components.
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3 (stot) below the point, at, and above the point are sumred - pulling the
colum 4 suns fromthe stot array. The division by the nunber of filter box
poi nts orW® ¥l i zati on step is not yet done. For each sREHEASNGHE8200i nt

the sane efficient 6 concept is applied by subtracting each previous filter
box colum sum stot and 7 addi ng each successive sum as the cal cul ation

| oop traverses, and Weedhvavn iFRy. 8 1@0thisTproyeswis@peated ipvamjterationbiasps. 9
Finally, every point in the image is normalized by the nunber of 10 points

(npts) 30 ¥R fid b ﬁéraﬁ@hs é&cﬁ%&é’ééé&% mRER diild F&leg;] tgy?%cg)iﬁé‘ﬁ pradysn

Fig. 13a, at C, in a first 12 nested loop, for irow | mage data

sums) 19r Tg e g oap B e edf sevd B R0 T Vst "hest o

| oop (ico2} calculates the partial suns for points in 15 columms either

side ofgthe sanpl e cqhengagier gietativie Eppfoadiitdanotbet heelli td efindoake , loWerand
at a particular row position for the first colum of the input data. The

second 47 I hr o t rti e,
" our by-3 ouPanig % B e SFMHAEEETR IRt e AR arPouss B odtfual
second oOf the nested.| ogps r.icol and irow 20 calcul ates the partial
sune 1o eleUperaRR et 37 Al eriia Binaet] Hie PACTRIEY 58 B3 porriitabe
descri bed above; as one noves fromthe first colum to the last 22 col um,
and re-£al NAUdata @nd PHACERSIVE JaVsTeqURNCY GPERPNSTYS A reicoessiwe (CHEeSsgPn 23
|l ess a trailing point and plus a | eading point. Mre specifically, in the
i nner no8t 81 2Bpopingling both thecoppemand wverdagynding thevesdntthisl way praduselsy
noves one position, the 32

9 an adequate calculated fairway 22 as shown 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.
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1 partial suns for the next increnental filter box are the sane as dropping
the 2 previous first elenent (ico5) and adding the current |ast el enent
(icod). |WAK/S2® way each partial sumis only done the onBCECARI/0088Y not
each time the box is 4 noved. The total nunber of operations for the
partial suns are very nearly 5 equal to one addition and one subtraction
for each point in thén thi®@e. cdntékt, hd betetinl degr bd eestatedsinal slightiyfmodiidd Not e
that a calculation 7 consum ng separate step is not required to obtain

oL, O g AR TR i, Litco20: o

i ndexed in an’array (stot op at al cul ates e

filter box C i ni t rLi. S fr d_the.s

‘nei ghbo?i napz%\'?' ﬁ@@hg?ﬁgﬁqﬁ%ﬂéqbﬁ %gg'n{’%'ﬁsr%rﬁ g‘ﬁﬂ@'ﬂfrﬂgsn{rf?e@%gf 9%% 1tll‘er OoW.
12 The second nested | oop at. D_then successively, calculates the full 13
F1ter box RERHEXTBING, FSIRARIS IR0 B SoR trale) s 11 TGy €2 SO theus.
‘Again, 14 this second step is again done as efficiently as possible. As the
cent r al 5 poisHtfacgs E5close o ithe exirpoe rangyes whte datr Wilbsonly engmalh@umberafm i s
the sane as dropping the 16 previous first partial sum (iro5) and addi ng
the | asé cuoutliend 2p@ndirag up botside ofithe Violurhedetweag tye sadscdet ween C and D,
the total nunber of operations 18 for the full 2D suns is very nearly equal
to only_two additions and two subtraction 19 for each point in the imge 7
0. 20 Fnally, at E, Havingrefgrancedoirign! i hethgfinad geradion 4 angein with a 21
and not just the sumitself, we nust divide the sumof the intensity by the
nunber &2 ofaximiunt bognding dutvep2@ thatisatisfiéseadreobiheacridéria Bbovmx. 23 Usi ng

t he above techni que, one does not need to physically 24 maintain an
internediate filter box array of intensities, nor the calculations or 33

1 operations to produce them The total operations required for the noving
2 average is nearly equal to only 4 additions/subtractions and 1 division
per poygt PeiAmhiRfg tABISrder bEEAIN ERtyuRInch @urpdny points are averaged.
Accordingly, 1Tnh the 4 case of a novling average rectangul ar box of 81 by 101
poi nts (about 10% of the 5 inmage di mensions), which is not unreasonable for
this sdtt of appli catisstatedhene cvoveniionalapprasichrio detetmiginglewdtrguanclini que
woul d have required 8,181 7 additions and 1 division per point in the image
- agai f2Vvershponeaty eSaekita vet i © aselalmowdng nesade eechiigireopfilter, eimpily t he
conput ati onal inefficiency of the 2D noving 10 average filter is thus

sol vedys bytdiB8 1. Hdrafhérd Qibseh o?ﬂw@dé{aa(tﬁwlrﬁégelg; %:%G%t@ﬂ%@a&éraaéroﬂhiéﬁ ot)

for the subtotals. 12 This technique 1s repeat or each and every ot her

col i S0 diio AR, o) (1 At S L e 8 B A
D A0 of i oS 1 sy L, 22,7041 19 aver g

and downwardly to formthe extrene upper and | ower boundi ng curves 20
20, 21, 1gxtrene curvesher mpsi 5RERhHRIASCEVE Bimédsional (2D) implementation is

17  to use afilter 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



21 The filter box di nensions can use predeterm ned default values. 22 As is
shown | ater, enhancenent of the image 10 is rather insensitive to even 34
1 large vHO@t6Hes of the box size. For a certain type of RGEHGAV1/M8%f aul t
val ue 2 produces acceptable results. 3 Having reference to Fig. 74a at F,
one convenient way to reference 4 the filter box size is to set it as a

fracti oh opetibeneld fenall puintefintthe wmmge TiheBshapegpaswiebsrdrciesycagprabeand
cols pad are calculated fromthe nunber of image 6 rows and colums; sinply

as a pey Ce_ﬂ&@@ﬁn_@fwéigﬁeﬁié%??éi?g seh¥irdeEaRalidBeUselSs/wbp, Provide the '/

box di nension, eithef side o e box's center. Note that this is 8 al so

how many data points 44 at the end points that need to be mrrored. 9 At G
‘array I3mts are def Thedbsite ofidhal boardatesmineshathgr ther erdarordfeduenclyeisi mage
data. For convenience, the variables cmn, cmax, rmn and rmax 11 were

.chosen 40 {dvabr high. i Fstanstadbycor tigd €007 @atd foihBeoSthetedmsle RoIUMN of rawe 12
original sized inmage 10 or mrrored sized data arrays are the sane. It

It iIs
13 undeg st ﬂ‘gﬁﬂt i, hhfiest wﬁg?zsdseﬁgin@ \Aggug’da Pb’ir{é@icgﬁy fr@%ﬂ?ﬁﬂ %B%ghﬁﬂge

and how 14 columar, rows and intehsity e extracte rom dat iles

or inm arrays 5.18 system rogr ' an S | flc. e ans
of whi o | DORNE A 2 e LS B fo PieHr ALY S RO Bl R Bita e ipads 16°
herein._17 As defined in Fig. 1l4a, image _wkl contains the raw data, 18
i mage_wf k2288 RPSCHENG Ry eATtEast vapptiens offifieRaals MR QNS@r HBAR AAMSt he
19 current | ower bound data, and image wk4 holds the filter box suns for
ef fici edt wide, the mean would be virtually identical to the raw data, resulting in a high

9 frequency curve which would not preserve the local data at all. The choice of the

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

11 A moving average filter 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 filier 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 image’s edge.
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20 processing. These arrays are initialized to the mrrored di nensions. 21
At H imge wk2 is initialized to hold mrrored raw data and then 22
routi nes W@t0d/0mMo6r and effc 2dma cal cul ate the novi ng averRRCoF1/00PR2
mrrored 23 data and place it in imge wk2, which is then copied to inage
w k3. In other 24 words, at this first stage, the current approxi mati ons of

the upper and | ower Blore particudxly, amel lavidgesfereriee, i3 Fig. #2,ehe arigiral syrar |y
point, are identical and sinply equal 2 to the noving average nean curve

15. ThezSu@é@%itﬂs%ameeagrﬂrévifsaé 'g)‘?Q?lﬁg‘Eﬁcé;?irthét fHage ?@bqafger%ﬁ@@begsm 4 At

|, a tolerable failure rate, frat or outliers 23 is set"to an arbitrary 5

val ue 59 .e4 r v 0 h uge of hi [

Sorrectt ontnpBs ok e3¢ G S Mhaod o BRI 2eind, e tgoRve
iteration, is not huge, no 7 problens are experienced.,  There_are al so upper
surf acéh m ANRRRISIAWET SR Pointl ARd BevaRe I 9a0s Reder &f 100¢ 1 TharmimarRs ch
“handl e noise. This paraneter is 9 described in nore detail below 10 At J

t he it dr at fat@ 44isi siiowmpeer. tolpoipt 1 and aftes pointskO0Jtagpdenoteddyi sadidaterideal t he
upper surface iteration array 12 imag wk2 is |oaded up with the greater of
the res§ dulihedpulTaid extrafartifidial ddtade@dxasdtly hepdinisby-pbatahinan image aff thee
upper surface 20+. The |lower surface iteration array 14 imag wk3 is | oaded

up withy t hesd agfaem,qurcheahgéé FHoA pEIRRUY %6 HOD7 Gh this &@Pﬂ, 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 to be the upper and | ower surfaces
20+,21 & 17 At J2) t hbisseiworingtiepnef praotical eayt toohandlethgaimaga’s dgeswo
arrays 18 are mirrored. 19 At J3, the third step of the iteration, the | ow
frequerky becmanetesre20Iting, arfificial Mirrdretiatitd ual hay pipfilaaruharaseristietol thei ons
40,41 of artificial data sets 21 are found. The two | atest approxi mations

of 1 heq@Xt FRIRaHP L InAiding M) pGHE 16950iREce RraRiS bEINEUH rdd] Aatd-ARd-2HRIcRHT | ne
effc 2dma and gre storednlbn thpe arraysI ZS&ﬁmg_wr% andefdl rrag_vvrﬁ?(S. 36

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 %2 of

22 the anticipated dimensions of the filter box.

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

i
24  technique can be applied to find the low frequency bounding curves 20,21.
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1 At J4, the fourth step, the mnimum and maxi num surfaces 2 20+, 21+ are
required to have at | east a specified m ninum separation surf_ndff. 3
Whenever WR24§baces are separated by |ess than the m ni RGEB/CHHOBR nt by
4 point basis, the surfaces are then readjusted so that they are separated
by the 5 m nimum otherw se insignificant variations, possibly even noise,
end up bei Agplied ceachaniaalliyhe mMmoNihg dyeeagectachnigrie iShiempeptiordliydnefficiahdne
symmetrically, halt to 7 each surface. The four conditional "If' statenents

at the 2nda@thdrBQirBenamyrépied carariishs ééd‘tﬁtiéﬂrﬁ’)f AGRS idl OF roat Cditdern but

possi bl e, event the previous adjustnent pushes one outside of the dynamc

range. Aft I : ik by at | east
‘the m n:?A\rmrSng 5@?@@@5¥%@?éé%3%§@@u%% 's%%%?gﬁiglﬁ%s@é%gm al so aids
in convergence of the 12 iteration as it is less likely that data local to

this corection w il Taenihguodtheupssudio ¢8dé lnf Fig) 434 edt Vol theroveeaivimagehe
surfaces 20+, 21+. 14 At J5, the fifth step, the nunber of outliers 23

out si des of ginhigns(érhd! e LipitRaugess i (oMl FbkaGfdudify. bt nffrbRlY ideheora
failure rate. Thus, the process 16 is aware of the dégree that the current

LT eTPtG 2% ool RS L2858 DR LR ek Bt P Bl B
A e e
21 iteration flag (itrf) is set to no, otherwise the |oop repeats the do

| oop of8J f(of iBkisappliedf flag will only be set to no, signaling convergence
if one of two conditions are 23 net: if the failure rate on both the

positivge and negativ i is,le hen. t he 2 e I i rate; or
if the hunber of ite gt?‘ia’ gﬁ% 5nsthﬁol%§ﬁ{ Sﬁ'%'qt"ﬁ %%ﬂggtiojggf @%Wd %%' tﬁé
arbitrary pnunber of 10 _is used. |t Is ipgportant to poi ut, again, that
t he fawur@ténslfé/t\@l%ﬁB)ri%swkﬁetpﬁathnpr{ﬂggpaat Qe RQN RéDSéﬁsﬁ@%rbox, is
correction. Still, a balance is 3 found between the quality of the curve
fit antl t heuawgchtinsuchfdroanalysisethgesurtounding fiter bex af poigts isrisoramented

12 one point, each point is summed and a mean is calculated. The number of

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

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

16  box averaging calculations are repeated.

16 Having reference to Fig. 13b, in a known and basic concept, in 1D,
17 is that for a row of image points IT1111 ..., 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 leftimost 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 resulis in large computational savings.
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5 Once the loop is conplete, the extrenme upper and | ower bounding 6
surfaces 50", 20+ and 51a2l1+ are known and can be output thenselves as 7
image fil WO QHPS206| | ystrated in Figs. 8a,8b), or as other cREHGARKP$] es,
for quality 8 control purposes. Process for outputting such inages for

di splay or storage is 9 not disclosed herein as it is known by those anyone
skilledlin the art aAgplisartbhaddepmpnoled thigknown appreadhaiol spplai wbek in 2D
particul ar i mage format and display 11 hardware used. Now that the upper

and | ovger Eﬁ@'@éh%Wﬁ‘t@%n%ﬂnr@ﬁhé@é '1§WIe18vd|@iﬁgfrbg§ét sAGIMBINSARthass ond
hi st ogram corrections can be perforned to enhance 13 the image of Fig. 1

and proguc 2. 14 15 Inproved Convergence 16 As can be
‘'seen fggmﬁ% |p(1e cu é\zte)fs&%lﬁtsﬁ gure 11 a, the iterative 17 solution

conver ges sorrewhat slowy. There is a conputational incentive to get a 18

faster £onvergence - linearebonleenmittrapesd tietddéentahbnalyses yasull &ohn ethaodi fi ed
approach, detailed in Fig. 15a, the data anal yzed for 20 the next iterative

mean cug Vercﬁz@ ang d&%mﬁ'd&%\ﬂaéﬁ@r 4 @SIutRENd 36w DPPSAEH. | PSig2434 Gy éibralﬁ

Figure 11 b, but inste corrprl ses an exaggeration of the data.

di fferepnce i urve
23 50, P Pfﬂl%le nglg)rstlegﬁf) ﬁﬁ &t a p%%ﬁ%?v&({sp p%'ﬁ |h%?l§k}l%t%h@elﬂﬁrf%h&&n%q pﬁ?%tl on
passes._ Thi Yf;b makes for a cker convei ence as each gass gj ves nore and
o o oot 1 GEBPER) BEF UMby Gtk e feNAg aWeo DS 18, SRR SPEBnacks

to ensure that no extra 2 correctl on i s beyond 20% of the dénam c range and

t hat nd vaplueality of difleseeduansi(7 Hideyal Resuiing i the sarmeecalpulaied meargdn 4
Having reference to Figs. 15a - 17, when applied to the raw data of 5 Fig.

4a, thi® nbigy. fi3eda phyaligd filteo kubsdtypointstin raaljacems cGQ&an@élsdvenmidegtfgee(Fi g.
6 15b) in contrast to the previous 10 iterations 24; - 24" which,

regar {@ss e of E&ntér Rhah@Fed HERO raré“sdnﬁrﬂéatérfd"ﬂweﬁ ) resBiltirg! colaRH S@fis?
failure rate greater than 5% 8 The fairway 22 resulting fromthe enhanced

converpencerd SGRMEH Serods aPiaidity & 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 (stot) 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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9 Fig. 16, is not quite as snoboth as in the previous 10 iteration case, as
is the 10 natural consequence of fewer iterations, but it is acceptable. As
shown in WQQ2/0820617 the subsequent second hi stogram correRET/EAIVHE8] t 34
is very simlar to 12 before, as conpared to Figs. 6a and 6b. It is not
visual |y apparent which 13 convergence gives the better result but it is

cl ear tthat nimtity gvemge owvg if4he dmpgeadinaliahéeusly Wreresauhsand evehepdiptam c
range is used locally. 15 In an alternate, non-iterative statistical

techni que fa@_rsrfdvnﬂirneig.hﬂselﬁaredtshap%rﬁﬁrdfaﬁﬁs pofit, gl MbrYSH 88Nt stfg raw
i nput data, is once again 17 calculated initially. Then, the difference of

t he raw,da AOR 20 r\V! l?c%(%r CLr i I

"Fi nal | \;/‘? t&%oéibandarthg?g\rﬁ{ alf’?%‘r?%’g? heﬁ%‘é}é@f;?r ugvﬁﬁﬁ"a%g (9?‘ ll&@gﬁéﬁl&?\g

cal cul afed using the sape size filter .hox of original data as the noving
“aver age% uSHA ﬁﬂ@ g?ﬁn? - Ahe gligordy, i @gm%arecgf?ﬂlg% gqx rPBWQﬁgor
average filter of Fig. 13a) but nodified to suit a noving standard 22

devi at i @n, narmalizationesten ie net yetdons. hipd Baghsaigcassive peintelisr sameiefficieriul d
23 efficiently be determ ned. The extrene surfaces would then be cal cul at ed

as the @4 wconcey ia\appligd by sulfteactimgséasit previaus filersiv@o daludnrd sumastiob mndf or
each point. 39 1 This constant is set to a nunber that would typically

yi el d spnetagding éddiesigccksdivbaiunias thétalculiidn’ib6p tlayersess Bhl Mt h 600 hant
appears to have a value near 2.0. 3 Note that in the true Gaussian data, or

perfectg be'cb*u‘fﬁﬂ-ﬁ?*comﬂﬁggé\%bf%% Bé%jghe 4 data falls within 3 standard

devi ati ons of the”nean. econd Hi stogram Correction 7 Having
reference to the coding in Fig. 18a and the definitions in 8 Fig. 18b,
separat@on of the daFnallyr eeety point it dh@ istagesis perntllizedsisye thelmantherSof
allows for flexibility in the estimating of the extreme surfaces.

Appr ox{gret @olfls gty e the.fltdr bex. the surfaces 20+, 21 + are acceptable. Even
a high percentage 11 of the data 23 outside of the extrene surfaces at the

first step does not result in 12 serious data clipping. 13 This is an
i mpor t &ht di sti nct i ofefewsingt mere padicularly tcetientcode é Wid.ct3al atdppinya first
conditional statenents so as to handle the inmage data differently if they
15 ar e12abowestedt bops forl idbwrandeico; imagea datn e ngighboriryy tolINgePBr Almmeat a
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 frailing 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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16 popul ations and two different corrections. 17 In the present invention,

while the first fairway correction and 18 nakes a prelimnary assessnent of
scal i ng rWeYB4SH6i ch i dentifies and ensure 19 that even ouRGT/E€AG1/G8882%r e not
| ost but continue to be preserved and maintained in 20 the nmain data

popul ati on 14 throughout the use of the histogramand its 21 expanded

scal i ngl r apgetial flsunad lfyr thecredsinaceeryiedial diltpoboksareathe bame 39 deopgihgpbd as

is possible, only the nost deviant of the outliers are finally 23 tri mred.

40 4 Apr&iolid frdtallémBrt (665)eahd ABding THel setemtias: bRmMsRYRLR450d8 ther m 2
wherein the raw data i mag wkl less the tower curve imag wk3 iS scal ed by

the 3 fair ' A ; - t ' Q) ,
the 2 cor r SRS AEPERl SRR BT AMROEL 6% e e REPRELA 3o tihc
correctjon allows_for, control on_exactly how 6 nmuch. of the data is to be
oF ppoctt or MiMeRned hfcls) hiyRbeR Of et e PRLIET ST Aihy ook I4EM on
is already residual in its nature) only a small anmount of data to 8 be

tri mmed® wi ERUal lonseadgities ang amessubtingtien fereaniypeint inthe ima@ge resulting in
no 9 noticeable distortion in the inage at all. The fairway correction by

t he appiication 10 of [ t [ int .an by
tenporarily storing Me%gl%ﬁ% @%ré’ﬁéﬂ'ﬁs %@e@%@?gﬁé@aﬁﬁéﬁﬁl ﬁ{att r#;ﬁg{cg‘aaﬁfggded
for the dynam c range. This fair 12 correctjon al | | for negative
nunber o7 1 SODBTANBLSHATAIRSIeB I MOL R AT o AateoaLIn ol fer IR TUar BeX atat | ve
14 and val ues above the upper extreme curve 20 are cal cul ated as nunbers
above 1% t Himeapsians @srtheyewere dheeiatputandringiexed| is/ aatasrayT(sioti sTleyfissh

correction is, 16 then, perfornmed on data that has very simlar statistical

qual i ties okstedaloop atl D lalclifateb dhe diitpn bor diyacorsbiind yhes partial isngnsHrgs COb
and 6b. A histogramof the first 18 fairway corrected data is nmade using a

br oadefq r aggg tht RIS Adighborind pbidts it helfteRABX forFBIST dthidlidg thé &S
been found that the range of values cal culated by the 20 fairway correction

are unkjkely, to exceed three times the dynamic range and 21 these linmits
are arbitrarily used to set the histogram di nensions.

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 notjust 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 intensities, nor the calculations or
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22 The histogram count is then nmade by | ooping through the first 23 fairway
corrected data and counting the nunber of occurrences of each intensity 24
val ue. 41WO002/052eferring to Fig. 18a again, at S, the hisPEHEAM/G088%ount ed
normally 2 where in the fairway correction data lies within the expected
range of -drimto 3 drl2 (three tines the output dynamic range). Wile it

i s unlikel pperationsnio fadduesy themor rBaa ifotal dxpesatiensuesquiced dobéheunevidg t hi s
range, these possibilities are dealt 5 with nonethel ess. Merely extending
the range bogpiyd 8 ldrip équdlGo By dnddiitiorts/dusteictiongland Rdivisioh pet pdint
unlikely event that a data point lies outside 7 of the expected range, the

hi St 0gr 4M GOWK irhagd DSBS bidHovk Marf SRRSO veiGod MRBRIRGHN glthel S

‘expected that the histogramcounts at the extrene w ‘be Zero

virtual |y all es _and very close V4 ' ve 1. hu § i I
.cases. he%?ﬁeég%e@f’v'agsaé’%é 'Fn%&?rﬂér@gr §{’f?°t)g1 ?We cﬁﬂ%‘?&n@bﬁgﬁﬁgée&a}ﬁet he
first logically correct 31 Case, st atenent. Qpru ni B% total of the histogram
i s made® uniMROE HEMERSIERS).cWRIFEsis 190t HRreaseraRIgHoE this; e ©ofianpliegtionitee set
at step Uto 1 % of the inage data. i 13 The trimm ng points are found by
usi ng abrumermg! tioeHicienks maving: averageviedtmiquenewpaldehavei regaired | 81684 | oop
starts at the low end of the histogramand 15 works up until the running
total i3 aboditidnsearit ¢edivislrepér point &1 the Thageosagadinivepduslthd fespeciive goi nt
is then readjusted down by one value to bring the running total to 17 just
bel ow t§e aggephal gossi&- This value is constrained to (-drim or greater,
18 regardl ess of the renote |ikelihood of such a situation. 19 At W the -
same approach is used for locating the maxi mum or 20 upper trim point,
except 9hat the | oop stihe prablemhef thepcamputationdaldneffjciencyod thra2Rsmatingown.
22 Once the values of the upper and lower trimpoints are known, then 23 a
si npl e1bi sta9eray® filksristhi®Boeda 9} fid Bivoduttish aflaHsxatoltiingihidie data
acceptable 24 trimlimts to the inage dynamic range limts is nade. 42

11 array (stot) for the subtotals.

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

13  image.
14

15 lterative Technigue

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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1 In the sinplest situation shown in one enbodi nent X1, the first 2 order
corrected data is scaled fromthe trimlimts to the dynam c range.

Final |y, woenps2at a poi nt outside of the dynam c range is RGT/EnEM0PR2 t he
full range of the 4 dynamc range limts. This is the full correction of
the current invention. 5 Each of the new scaled intensity data for each
sanpl ed colarga variationdaf thadsenbized Bodat detaintippe ofnagrge, 2 defauliavdiye

i ndi stinguishable fromthat 7 in Fig. 2. 8 Wile the above, at X1, is a
perfectdy BRQABECEBbHbIOR sl tself, it 9 has been found enpirically that
the previously determned trimpoints are 10 preferably be set to a range
different fromone exactly set to the dynamc range 11 limts, as hunman
vision 3s |ess sensi Having nefereace o kig. agrtdnsaneTeenvesiierdwraygtolizference

nodi fication sets the trimpoint to 20% and 95% of the dynam c range which

.13 I eads tehd tilkerfisnsosiadlieto estut &s bovastionrofitie @mehsiong of ltihe fhage HOaBBX! O
I ncreased 14 data integrity. Fig. 2 is the result of only about 0.2% or

about ]f?oogﬁFarﬁQﬂé?s %@N?%gﬁoéﬁéspd@:a?c% eanr@ﬁitﬂg %Apﬁaﬁef irwagaally,

code for c ulntl ng 1. dat a~wou not be I ncl ude f | nprove

' i Ci .17 ' ' . y ' d d
COmPUt o4 il B B BB P b BoRosiRigh pr RS RRIS Ghbsbh S
comput oF 1 1T BIOVIE 616 14 b dinmnsiorhrSles Se 0 o ques peplen etk it thisth o

QU interface) the processed data 21 can be displayed from el ectronic {RAM
menory 8 o alsedmw srany datapeintgiddpatdhe 2nddqmintsdhatreerito be mirrpregge
Correction Paranmeters t

9 At G, array limits are defined to 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 data are exiracted 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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2 The present invention utilizes the input image and two nuneric 3
paraneters. These paraneters have been previously referred to in the sanple
4 code anwo®é2@re: 5 surf_ndff which holds the m ni numRCT/GABRN0882
difference 6 between surfaces as a Signal to Noise SIN managenent issue 7
(Fig. 74b, J4); and 8 1imag_pcnt which holds the percentage of inage size

(in both YegiremesLeftestZ0DH21+tars dtahist dwriynpoint Gravesaiai phaciply &l 10
14a) F.). 11 12 If the paraneter surf mdff Is set to a value 8, that neans

that the 1g {HOmeY G @?&fns & L THE SUbRSUHRRE Sk YrPEalf i fdrhey
Wil | nger%e Iessin%4 t rgﬁé um%@gof%ilntensi ty apart.r ?i{nguar'féanﬂﬁgfs
expressged | / ent of 15 dynam c range, then 3% of 0-255 becones
‘8. 16 | thi%%)%{egﬁ%?lgﬁhg‘g_pcnt is set to 10% and the image is 2000 by 17
1500 dots in size) then the noving average filter box dinmensions will be

set to 48 200 by 150AH0t5 tolélableofailobe ediepfrat, dveowies 23 isdsdtabimarbithayval ue
for a single 19 | ow frequency point. Note that this is 30,000 additions per

point -gth r fl gL ent ' ; t ;
Prtter Dox o Tt tie apels s b, TREHRLISN SRR dfrockiR
paraneters. are,, i.n thensel ves, straightforward epough in congept,
Appl i cant f‘seé'al?l]‘ stﬂ?thQ? IPFQV\%FSH?P é@@frge'@t%’r \Fqﬁﬁ'?ﬂﬂ iﬁ? Hgﬁraﬁ% 58Pt gﬁgﬁ’opohave
to deal_with such tasks. 25 Each_of two paraneters is independent of the
ot her. ThePHPlemmp Afet @rpafigncedds FherenalgedIsAoirRRen sWfrce MinimMum anskieyer
noi se is considered 44 1 to be the nore or |ess random fl uctuati ons of
t he nun®ri suifatemsximusreparametersashrf2melsi, mthich haedid nadse.f Thisfparameder is
tolerance with respect to the intensity of any given

9 described in more detail below.

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. 1t is this first step that forces

16  the data in the two arrays to 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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3 dot expressed in terns of percent of the dynam c range. The paraneter 4

i mag_pcnt, on the other hand, represents the area of points to be

consi der eW02/052% one instant (the filter box). Expressed PGI/CAOV@E82an
coordi nates, imag_pcnt is a 6 control for both the x and y axis (the
domain) and surf ndff is a control of the z 7 axis {the range). 8 Default
val ues tan be provi d&ll J4r therefigasthwhteph theveniairkuowand amakiimiuet curtsdesnoi se
conponent) and thus is taken conpletely fromthe hands of 10 the user.

Q herwize, 20earodredieqtRbd 16 hava it 3sasit 3 spdvifidtPminiRLMn separativArsurh ndff.
speci fying the paraneter from higher |evel choices, such as whether the

noi se ifn 1 I | | r Id PR ANV o] for
surt ity SOATVERTHE SufteEot e peifigd s AR hE Tk fult e BANESS | DY
or 12% pf the nam,c range 14 |imt. 15 Th aramet ers numeri I S
assigne i ROBE AR e, SERECSE Brp o rmasotOd BT IO, Ard SRP Rl BVelfetimnt
and a multiplication or two. This 17 is _a particularly useful approach
where the PHRISEHE: pHgswiseolnsignificamé yariations regsibly eysl naise.perft apsbei@ddone
interactively. The user could estimate the noise level at 19 a gl ance and

t hen cHbosecaledrtodhd falb dynamiceangeni Thistsepasttioreisctiana sgmntically, halfust ness
of the paraneter is such that this limted choice of three choices 21

shoul d pe path ectfage addrufue cobditionbhdf’ statensieiigiat shedbntl lof shs pleensel Rop not
" 22 intending to be limting but to point the way to a practi cal

| pl emegit agd %%t thé?sdﬁ%%gé% tib hHﬁ(eW?byLﬁﬁ%s%,%r?gmeeb@/t&g{%fﬁév&wts'rﬁént

sel ection an magni tude 1S primri | ssue o In the

aver aad 11 PREER b RhlrB st dpe civpbrti Bl Ageh e o Bh gl s e
over smaller areas. Astge arfanmeter is also robust, 3 having a low gain, a
si mi | at0 scRemeramied by At @alﬁéﬁei"@'!""ﬂ‘ﬂmt TBYRYMCH- X-ray 4 inmges) the

foll owi ng val ues were determned enpirically; for a chest X-ray s 5 5% for

a handsq 10% (typi Ca"rj??%frf]&'t’rjtﬁ JsepQFatio®’ stl%réatgg @EBeaiaé ih%@ﬁvé@ée@tl?é m"g"{f;th@t 20%

6 of "the imge size. e user can est e paraneter

k i wh he 8 subj . Th b s Oof [ h
that (FRs RPTAUEBCAS Rdr Iesoikely that e st 46 B8 rvectBn LR Ioting Cutdidgy |
also the case that if the process was not perfornmed in a GJ 11 this

strai ght f ofVRdiustRchYRlemeheiweerthe stifaees g@**@i"l”l be particularly useful as

so 12 little expertise is needed and the "batch processing" style of input
can algp be 13 made W jBEuRAfHM step, the number of outliers 23 outside of the volume

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 current upper and lower
20 bounding curves 50,51, are sufficient. Simply, 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 it 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 negative 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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14 At one extrenme, a finer |evel of choice can be inplenented as an 15
option for technically adept or curious and a coarser |evel of options
avai | abl eWOdR2/08®6every user. The default eval uations of thRCTEAPI/G0AEt
paranmeters are also found 17 to produce acceptable results w thout the user
actually being consulted at all. 18 In any case, it is easy to inplenent

t he varl abbgsitrary numbgr 0hi@ i3 usad Husimpgrtamidorpaiahoutb bgaing thatdine failuraser
is not required to increase their 20 knowl edge of the physics and

mat heneg i csatefherBés pooibas inpdiantaitiens thefsecendarytaoridation. Blill; a Bhlaricesiges
are presented which are 22 the result of processing the sane input inmage
{Fig. 1a) i I [HC,€, r h Fd used
‘a surf ?rdf p%’ﬂ gg{\%éf\érﬁ%%@at}%!ngs&f %aegﬁ% fétg%h'ﬁécﬁé arﬁqu@rgﬂlé %rrt]teli%)glnagg[j 3%
and Fig, 21.used. 12% te that Figs. 2, 20a and 20b are 2 identical and
_have beeén %’L‘J‘E‘%Pgﬁ?égngﬁre% arative purposes only. . 3 The robust nature
of the paraneter is clearly denonstrated by 4 noticing that it takes a

doubting of the paramricerthbdobs s bbmiplete, Hedditfdradnippef bagtiowsr hbendingges
of Figs. 19, 20a at 1.5 and 3% respectively are virtually 6

of Figs. 19, 20aal L5 and 3o _
| ndi ot BourehanTs Sy 288 i AP ACRPHh. Shobin e iR nepseles ag

limts as to how fay the raneter 8,c be varied. 9 An increasin ur f
it val ve a0 dle< (an MGsERERTRobropEBLOST.S Flifercamples e ot Aday
limts the anplification of nore subtle effects. In the 11 case of the

cur r ent8 ex&APIrel PURRGESS s fPEesSS r %W&P%‘stqqfhtﬂ%a%?equi%W'Qy s sterage g2
Figs. 20a,20b) to be the superior correction - based upon random noi se

bei ng 13 haptlidisalaseidc batgir agett is noswbblyethase eanyoner ekiled lin therart ehdais.
When the surf mdff 14 value is smaller the noise anplification becones |ess
desiraphe @degendient Lpen lsuchuivbrigbiet ¥elthe particuiireimddes fombatl and adipsials
experience a reduced anplification 16 as in the case I1n Fig. 21. 17 Yet it

(S al 59 tfafdasre! (. Show thaP the UBBESai RS AU BlRies Grd Sotiishugent

ove[dFig. 1 and, t us],c any reasonabl e choice o

' ' " ' . FlL OS¢ 22.4- ,
R e g T P
: g 1 . . 22 . . _
e Seot s o o 1B IR g B e 25T g e vt ue
varies. Once again Fig. 2 is used as the reference and has a 24 value of 5%
of theqhmage size. For conparative purposes, Fig. 2 has been

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 exireme points of residual data 40,41 and the curve
23 50,51 of the current iteration is multiplied by the number of iteration passes. This

24  makes for a quicker convergence as each pass gives more and more correction
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47 1 duplicated as Fig. 22. Fig. 23 uses a filter box at 7% and Fig. 24
at 10% and 2 Fig. 25 at 20% of inmage size. 3 The robust nature of the
second, bWR-02[05W6paraneter is again 4 clearly denonstrat edPERCAHL082

subj ective observation that any of Figs. 22 (Fig. 2), 5 23, or Fig. 24 are
acceptable results. Finally at 20%for Fig. 25, the result pales 6 conpared
t o t he ot hter $he Hepeatad fHiwe paints | Therei Bre chgskd fonpneukenthat ooeextiFag. 7
1 and one nmust keep in mnd that to use the value of 20%wth this X-ray
woul d & r epsresetin_ishBeydrics 0%R6E tied dgnaswy raveRs bhbiahaehecidioads replased
permtted. It is 9 anticipated that diagnosticians would not confuse the

difrer encegithis @@l BeineRhAnEaRge and 1eg 1mge. 11 The

appl i cant - sel ected box-size paraneter setting of 5% (Fig. 2, 12 22) and the
suggested default setting of 10% (Fig. 24), both gave an excellent 13
result 4as did the i nHavimgdiederencalta&igst 1580-(Hi, gyvhe2Bappligdl to the rawTddita of
'EMBODI MENTS OF THE | NVENTI ON FOR WHI CH AN 2 EXCLUSI VE PROPERTY OR PRI VI LEGE

|'S CLAIVEDFRRIE Dighik WRBd e d SagpirbaéVoolkt oblyl4 ibratRir20o60£60, miéd')ﬂiﬂe?'g@gFig.

contrast between nei ghboring points 6 of a data popul ati on selected froma

diaital | _ . POLATS O ( b o '
lgita ?;ﬁ?ﬁ%'f%@éﬁg%g%@bm%' thépﬁﬁbbrﬁﬂ - §4am}P\‘i’c§H, Hteﬁgr i gfd‘ its

i nt ensi ving an 1 ntensit nam c 8 tange,

ComDL ! 9" Ml e 1 LR Bl bl g 1

intensities; 11 (b) determ ning a second | ow frequency trendi ng function,

12 i ndébendbatairnvamegesuling from ghripRanaad-earyeroense wehoiuesas showniing t o
the data 13 population's mnimumintensities; 14 (c) establishing a maxi num
and mi @ nufid. a6, ieyndt qquitehas dmaeoth g iptheapiresiouso dAdtatatign tdaeef asds thad
second trending functions; and 16 for each point in the data population, 17

(d) exig achbfigalcoriiegente 0Tdelver ftbrationsTot ansl agexptabl®. | Asestviry il Bid.r om
the fairway; 19 (e) determning a |local scaling factor as the ratio between

the 2 yna#i i ibAC I i 21

7 ZO1FI09P, oS Bt BEcR S RO A Rt 6% Ve i o
12 before, as compared to Figs. 6a 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  extreme surfaces, a moving average of the raw input data, is once again
17  calculated 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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49 1 2. The nethod of claiml1 wherein the point is scaled using the
(I'mage Point - Local Mninmum 2 relationship of Dynam c Range . (Local
Maxi mum -WodRe&ak206 ni nrum) 3 4 3. The nethod of claim1l wherRGETCHIA0882 nor e
outlier points for 5 the data popul ation exist, which have intensities
outside the fairway, further 6 conprising the steps of: 7 (a) scaling each
out | i erq pomafs boyndthat isosat! toss auhi@ritast would typidallg ield esorhéthiritalike Be1%cal ed
intensity is outside the inmage's dynam c range; 9 (b) storing the outlier
poi nt' sy scald; B~ NE L Al a i LE of@nge

2 ?ﬁhﬁﬁe réfet! EHéd(n@élly, aﬁ%ﬁt%'b?é Eanﬁéﬁgéﬁﬁ?éff@ foRavd Bevéié(é‘%%‘ai;tzy@

to prevent Toss of intensity information; c ormng an 1 ntensl

hi st ogram ent.i a opul atio hi, st ogr a &,shd a
pr edet er m ﬁ&’&é Fﬁ%P%ﬁﬁ%&&%{igﬂﬁﬁ O}E%r@‘d%%li?e%%gaé%egwg] P%ﬁhfggéﬁ &‘yﬁgor
formng a range which is greater than the dynam c range and 14 which
‘encorrpa%segai%guﬁr‘ﬂ'&\%3t§tg'§‘?%'fj d@mﬁpaﬁtq?mfn%m the outliers; 15 {d}
trimmng the intensity histogram of points which have an 16 intensity which
i s bel oKV the predeterm ned | ower intensity, and above the 17 predeterm ned
upper intensity, for establishing a trimed data popul ation having 18 a
trimed range between m ni num and maxi rumtrimed intensities; and 19 (e)

scal i ngs eaThe@agtindafistdugraty Conedtigiat a popul ation by the ratio of 20 the
trimmed range to the inage's dynam c range. 21 50

7 Having reference to the coding in Fig. 18a and the definitions in
8 Fig. 18b, separation of the data correction into 2 steps, as discussed above,
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 fairway 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 datia points have been
22 enveloped as is possible, only the most deviant of the outliers are finally

23  trimmed.
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1 4. The nethod of claim2 wherein the data population is adjusted 2 to the
greater intensities suited to human vision, further conprising the steps

of : 3 (a)Wedlos20g each point of the trimed data popul ati RCHOAHANZ put 4
range less than the imge's dynam c range; and 5 (b} offsetting each scal ed
poi nt by an increnmental intensity value 6 which is less than the difference
bet weenl t he dynani ¢ Ahrige thendairway ocarpadtion isailystrated firatpseiudostoaleetorpyi nt s
reside in a higher range of intensities which is still 8 within the dynam c

range. 3 1lQhereihiiee Fakkita Qﬁa?l WHM [dsaviey lower dahel imdt kB i9kcalad byahet he

first 11 and second trendi ng flunctions conprises the steps of: 12 (a)

det 1 Qi i s i i J t td t t) ; 14
(0) T e ot TRy Geierl ey WoRBUERECHEAD, (OCHRT N’ Palo®, ROBRDE 8T,

subset of points .of .the.data ul ation ich have intensities greater 16
than tH gggﬁ?%tredéiat? REINY ?tgf&?ﬁ"rfmalgeﬁ"%)pha previ ous successi ve upper

“function, 17 converging upwardly until fewer than a predeterm ned nunber of

points mre 18 great erhehadtohBehisteg Pt TorrRcuBRIoidTeF toRtroll B ekaEMEhERI
successi ve upper 19 function formng the fast trending function; and 20 (c)

| teratigel yo 6l 6f {8 R SUBETIRHUT dr NI ALO L B Bt Yoo Het,

subset of points a pop ion have rntensities

the 22 lower. of the first function .or a.previous successjve |o function,
unti |- bveringgy falfectist i auteain maathLB: B SRR sl S SFrabe oyt toats:
than the successive 24 tower function, the converged successive |ower
functi oh f 8erfimgnechwilkalserhe sparsebrdistiputashthreeghow the image resultipg inBPhod
of claimb5 wherein the convergence of one or both 2 of the upper and | ower
functi ods nsticeable dedotipn i tiie)mage at all.niThg faineaygicbfrectiort by the applaatiohe
resi dual subset of 4 points and each successive function in the iteration;

S (b) ¢om! bf Eqoatibma (@t R)eeriise therogtisdmfdrenationt ISy eeripdeeily Storingithém iho 6
form an exaggerated subset of points; and 7 (c) applying the iterative

det ati > . : )
poi nt o) 1o £gghBpBRIER YaHEple heh iRRRcila fol B BYANAR. FLRE, SYARTRIEY, ¢ e
by 11 jhcrenentin R cc?luntefr eacht. .iteration and nultiplying the

di ffer CeQOB'?CQCH'ga so allows for negative numbers.

13 Data below the lower extreme curve 21 is calculated as negative
14  and values above the upper extreme curve 20 are calculated as numbers above
16 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 using 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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12 counter. 13 14 8. The nethod of claim5 wherein one or nore of the
functions 15 applied to determ ne each of the first and second trending
functi onsWGs0240524%vi ng 16 average. 17 18 9. The nethod of cPEI/FABIYHEY ei n
the function applied for each of 19 the first, successive upper and
successive |ower curves is a noving average. 20 52 1 10. The net hod of
cl ai m 81 wherei n t he RefémigpgdodiiggtBehagain, &1 81 the (Hstogramfis poediederarinady si ze
of a colum di nension and a row di nension and 3which is optimzed in two

di mensi @ns wre tinghé TaigRaP toflerlios datn e Ivithie thevogeated Rehgrdersdrimh thhe
i mage by a nunber of 5points conplenmentary to the filter box colum and row

d %RZI%R; 9@3%5%5?0 égﬂ*.éf&?%@‘# HyRAmE Ege). P Lé“ﬂ?ﬁ“ﬁh"'“ i PRy,
eubset Bonmsbreffig g uAies i he s e SR 'a%’e”a%%@bnf%é’%@% ellcond
sum of the subset sums, for the size ofllthe filter box,. and about each

i mage poi ntVity 'Eﬂﬂftﬁel%ﬁv Merely| extendingtha rasnge %M‘E’(%’ﬁrﬁb?srﬂﬂ gyRRRGehe
second sum by dividing by the nunber of pointsl3in the fllter box. 14 15

11. ‘,I'h_e @n;t hod of cl ai rgcapd é@grﬂ ibriﬁeiu'ﬁﬁ@ n?ﬂ.ﬁ#l fdr,] pB@ntqle%‘;ﬂﬁéraas and

the fil box dlnen5|ons 0 a perc ntage o

di mensi f uen of .one or of ,the first

second 15 of Brprhpen thamane bR esin K iktmegied flink Sreie o8 ne
filter box di rensions are 21 between about 5 and 20% of the inage

di nensi &ns histogrzen.1 § isgepaeied daatdhe hisipgiam ceHatsctihe pxtremeywill Qe EAroxDr ay
of a 24 chest and the filter box di nensions are about 5% 25 53 1 14. The
met hod ©f oirhially 10l edssseand vhey Elosalio rzangdn efen ladl Huti exesptionalineapesi Jhe
constrained to be no narrower than a percentage of the inage dynamc 3

range fior BEkdteGaddGodifgjempé out dbthelbsuntrigh@uting atltiae firstdogibainecorrédie
m ni rum range of the 6 fairway image i s constrai ned between about 3 and
12% 41 Case statement. A running fotal 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  at V, for the lower trim point, the loop starts at the low end of the histogram and
15  works up until the running total 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 (—drim) 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 acceptabie

24  trim limits to the image dynamic range limits is made.
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7 8 16. The nethod of claim 15 wherein the mnimumrange of the 9 fairway
image is constrained to about 6% 10 11 17. The nmethod of claim 10 wherein
t he i mageWiOs02é%2¢6nded at the ~ 2 image edges by nmirroring RET/EARI/Q0A%0e dat a
at the edges. 13 14 18. The nethod of claim 10 wherein 15 (a) the imge has
specified dinensions and the filter box 16 dinensions are set to a
percenthge of the i migéhalisimpleistsiuation stipwst imgnehembddimenuéhctheofirsine or
both of the first and second trending functions; 18 (b) the |ocal range of

t he faiZz wayrddra@rdcted 688t AR fromP@etamliniats e Hyhaalt Ringe! dansmge of
the i mage dynam c range for suppressing noise; 20 and 21 (c) the frequency

and noige gH?%’ag?toﬁé’r&@géiﬁs'ﬂfﬁﬂésdﬁf ‘ﬁni@%?ﬁgéé E@E@?hﬁa&% iy ﬂ]g%ﬂggtdf%én- 23

a
"54 1 maxi m zi-ng con ween nei ghbori poi nts of

£ A B R TR P

dynam c range, the 4 systemconprising: 5 (a) neans for determning a first

| ow freguency trendi EgchUsrCtheORe %&El(l%‘ imtenSity fwgté ifor BAch "RNEIEA column

popul ation's maxi mumintensities; nmeans for determ ning a second | ow

frequengy | j ' ; : L S [
Functi o SAT B sBeRE! o nq BEERERRGEE it IR T iuitidtie ot that
i ntensi_}i es; ang 10 (c) neans for establishing a maxi mum and m ni num

fairway’ f ot F9e211 data popul ati on bounded by the first and second trending

functions so that for 12 each point in the data popul ation, a range of the

local g nimum and MexyiEhk3abdVe XY, igr?oﬁéﬁ@@d %éd@tg%ﬁht%ﬁ iftdefcited, a

| ocal scaling factor can be 14 determned as the ratio between the dynam c
range for j - X d al h tht_ can be
cenod By MASPSBRTPRNY PBIRNT ket e Ry “ROBmPRY R pdfiS ek s, A
.&y. A3,Yy. A &e. A3. &e. A3&R. Ae. AA9 Ue. A [ &?. A&?. AAGR A&?. A. &R A3&y. A
2 he W AEreTRENBe/sak A AMOR GRS SORRORS Sxact set (o tie dynamit fange
.&e. A e. A3. 97. A&e. AF&e. A, . e. A&?. A, . &e. A3y. AR AYy. AFy. AF&e. AFe. A. y. AASR. A&e
A Ay. K. elimitay a8 ymar SigpB 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 GUI interface, the processed data
21 can be displayed from electronic (RAM) memory to a monitor or other display

22  device.

23
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5 one instant (the filter box). Expressed in Cartesian coordinates, imag_pcnt is a
6 control for both the x and y axis (the domain) and surf_mdff is a control of the z

7 axis (the range).

8 Default values can be provided for images 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 perfectly adequate. Note that the details of this scheme are not

22 intending to be limiting but fo 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 three should be perfectly adequate.

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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4  noticing that it takes a doubling of the parameter to result in a significant effect.

5 The images of Figs. 19, 20a at 1.5 and 3% respectively are virtually
6 indistinguishable. Likewise, Figs. 20b and 21 are virtually indistinguishable from

7 each other. Applicant is aware that there are limits as fo how far the parameter

8 can be varied.

9 An increasing surf_mdff value 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 correctioﬁ — 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 resuit.

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_pent. 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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@tloo/?g( ( than the greateg' of 'the f1 rst@unc(n)on 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
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23 fhan a predetermined residual number of points are lower the;n the successive
24  lower function, the converged successive lower function forming the second

25  trending function.
51



|

, H#1098& ()- ,Y 11098& ()- , @1098& ()->(|[:vual , ,,-$10%& ()-@
, @$10988 ()-, , @' $10988& ()-& , QYB10%BE& ()- ,, ' $10%& ()- @
., 3310968W0)0205M6 | Y" &10W&Y& () - , 910%(&Y&' () - 10$10$10$ PCT/GE014009%2) -

., 8351098& ()- ,, YA$1098& ()-' eCEQK|[:vU4l , , SO$10%&YE ()-, $YAO%RQE ()-

SULOUXQE () - , SSLOWAY&' ()- , OHLOWAY&' ()-Z . 9#10% W& ()-Z Uc|[:vUal
, S3+$10MY&YE () -, , SPLOPhENEthOd of Siakt 1D WHEEN (the coBLGHRORFLY&NE)er both
, S3"$10%/&Y& ()- , S 10%r&Y& ()-cS|[NA1 10Y&Y10Y&Y1O0Y&Y, ,; 10%r&Y& () -

, @ 810%Y&Yf the u ;@'@@&N&Yéfurﬁdtrons@ﬁﬁé@ﬁﬁé&w ()- S -$10%/&Y& ()-7|[: NA4L

10 | 10968 () #1098& ()- , GHLOWBE ()- , z#109B& ()- , Y &109B& () -
2%842?84 = ;I#[lo%gaﬂ%te@mgﬁ%gd"‘fﬁfef@@%éf {fg@%@% (s}ggb et of

(\@Uﬁo‘@& %%%BP?%%%&%&/%%%? %ﬁggﬁﬁe% §lerﬁyg ﬁég%‘sf& ( ())/$& (@3>$10%s& 0-

, 991096& () - (2#q & 7#10% & () ()-, <SYL0% & ()-

7" 10% R

- ,Y #104R qmphfymgzs!z\fod}gf@ze(ryces 04| ?ddmmt t0 a suhsefefogaints)to,

F+10% & ()-, ,fs #10% & ()- , SFUBLOK & ()- ,

6

7

8

form an exaggerated subset of points; and
(c) applying the iterative determination, of successive functions to

the exaggerated subset of points.

o :

10

11

12

13

14

15
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17

18

19

20

7. The method of claim 6 wherein the differences are amplified by
incrementing a counter each .iteration and multiplying the differences by the
counter.

8. The method of claim 5 wherein one or more of the functions
applied to determine each of the first and second trending functions is a moving

average.

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

the first, successive upper and successive lower curves is a moving average.
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11 the filter box, and about each i image pomt aiong 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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11 17.The method of claim 10 wherein the image is exiended 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 dimensions for 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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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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