1 EP 0 331274 B1L 2. Description
when it is snoothed. TRis blurred apgpghsy¥egsiS caused by j$he renoval of
t he hi gher portion of the BACKGROUND OF THE | NVENTI ON

tial A t t i.e. X-r d af- The
;S)Pgseﬁt |Jﬁvgrrﬂq{]§h relcgtne;atso e?ggpalr at usaPo "?tys srrlr\rego ik’ﬁﬁcﬁgﬁo“m
cont r ast dﬁ%ﬂé#&NﬁSP?H?WEﬁﬁoﬁ processing ary. T ia{ &"%i : e "ieET &
8.
io

particul ar vascular Inmage added to the ppgs fnma lainbat-
called an aﬁﬂ%e@&rﬁ'ﬁv&h% Mt&@r;apﬁémﬁsrf@r(;t Ibon t@rrtﬁe lm sts of a
St andpol MHrocblsing B remdge. M #6re pitQFZRNY S/e;ouna+ i?na oprazw.  Smage.
I epr esentyhals calldddh appaidfus kP Ml sabtracfRGR. | S ArWhevE oftel6tispiialdaquen-

X-ray_f| uebRpyQDSA), it WRGSideddighbis Rresdn@iy an X-died)the oblhﬁstm&b :ssmtagﬁbmtea BRHARC Y
of the vaaXihybfuclossapic iniage bitdimdd From @RIXF3YSt €M ahehigh spatiahfréqirity afnthle Gasise thagel td O
sub- 10 telévisien sysminiareldightaliesgandunbjectdd tdsaB- prie- absdpatitirequéneyef thelpie@hirastimage.

pr ocessi ngctivo pacesting solas Biohtaia avasswariisage.l Nage.  Theaulsmatdion eftheiblnedyire-¢onizast image
bl urred pr efhemmresanb caserwhere Kiray images,suchone  C dmedhaviosirast inagezesulisirorgreeyjng tha ioiwer
from t he aggertrestdmagesraljainaddoml ansipparstusdorovi ng roftien dfhespatialdregueneyframiithe coutrpetim-
obt ai ned OSA®mvaspulay oblainefi by subjsaingithen of tage Thp resultis that; although the vescylar image
contrast abpMe-neaiioneg cenirast (inages fthepptrast ot aith e deminssAligstintestntge images of gkeletons and
resul t i d‘ﬂ“ﬁﬁ‘?“‘- %QSH@)EPQQWEW@“ {meges P sk mage s&ﬁ Eﬂsn‘ﬁt‘ﬂhwsrﬁélﬂ°%ﬁf'wmlt‘dqdﬁ‘é'@?e

Lo f“ﬂf gl Wgﬁ,:;;gt e S
hance ges il
l Sd'aB o t ei ske- l Op u['n ﬁ?ges e peeleits %%éiggﬁfzzaeﬁi
'CLnligresl afﬁnrg erex- lﬁg r:tig ecﬁ l i ontherl {lglgle &] y
b
of the V yQ,ag'o@nge ct}ﬁ hyPTQg urb Q& tl s, &t
tissues aw ofusaﬂe&e nt fgteens and sof t AbjefaitbtietbbdimeHeor ent?ﬁvénayn

absor pti on Vasculd? ihagBlarb RAndd By S6ntrabtimedik ! 25 2iQh ity Rdscribed with el tH b Bicbi-
the Very iRaRYayasdigtibmbf which iiower WATtRut & T 3y SdfiMgtkdwinigs.l S hi gh. I n order to
as-  nMentskétonéSdonbdqaéntly the Aéhsity & tieWadcalges Of skel etons, etc. certain

vascul ar iiingge® s Idwarthan thdt oftiskeMtal g binS, etBRIEF DEBGH!IR‘HENGEWI—IEMNGSSGI f
sui t abl e vasulafitg ismot easlig elscaaimt. Sur geons nmake an observation of |ow density
vascu-  Or i WotAa8,300/970 riisgjeses nans appgiatual foropee at i OFig., 1 issd biack diggram efay@sbodimbntofithe
agai nst tAmeessipg e Asdy inagecromprising a smoothingr ef er r edpresepUukentisnitandf t he present

i nvent i onmegassfouisrenothingray Xaayimege hyraverdgingy cont r abigs. 34 th 2k, are spgctrogramétorhelp exridine r
descr i becdrigite Rjegtion ofiacagteastrepdiue accom the X-r ti'?%ﬂﬁ%'@'?ib?ﬂe@n of which is

| ower than ERr&t0.16F.155 featyes ige @f varphigyautofs kel et ons. Oonse uently the density
of the vd©avaAn fillerabitaiways iy eomplempptary low, 5135 ofDﬁTﬁ&EE PE?%'% 5T'°N H’\EIJEE INVENGION

BRI EF DESegrhioh pess ceffioyafionbrAw NGS vascul arity kS )( ascertal ned.

WO A- 8, m&;&ﬁmappar atus for 30 Refer W io %b '?‘ r8m
of gn e essing an X-ray | ‘T"@‘éﬂm@% P" °' '?r rﬁ‘e
Bl oo 1 S AL FBE L SR 19 Prhd & &ﬁt v.ma eaqa

Figs. 2A & ppaﬂ:e r; expl%

contrast ygdisthhle for dehvermg an ori Qﬁea 10 Gl bee% ory2 The
features yixs pe.tmtyaadyazbéeea.ﬁrhun%ffva SBRAYFNCY it L&ﬁﬁmmtfraa.hwem& 118 fod to @ amooth.
conpl emerdursicki opétiitions, 8le.  DETAI LED DESCRI PTI Ghy éiveuitlddad bhbded th@ﬁnﬁﬂ@ﬁmﬁﬁr

pass conf i gedrariel detbmplishinbrt bf thé\gboPdbsdrBed—| G5 la subtridtion GGt 4,38hile theBERout ifrof. the
SUVMVARY  (@bjedtHhe appafaivs fotdocessing an X-ray image frame memdFy 2Xs dirajtly Fsddife Qubiractisredt-
bef or e t liradcopi@wé widvthaxresantirorention cobrptisesredi UM cult 4, $n vabich @ audiradtierchatwebithesd twotead-
frame It i s asmodshisgrbeansforisingotiingss Xmdyimnvent | oss i¢ canfedowti de 40 menory 1,
whi | e a cagatobtaingd heferecthe injection obncartrashnes m -  suc hetithe syppasedthal e pleccontstinegedas g
an X-ray diumged asubtragtien resgrsfprratlyiag qubsubt heo | njucice sratial frequanay specirum es shew in fro.
to be suitragtinebetwsen gaid Xvayrimage thys smoplbed at i on2Aand et theameothing elgeit3 doesists dfe lowed
in a frarfi®daeXeymage ohigiaed giiecte jgleption oka easy RRsTidierwhich pisAf therspatigliteqiensyipprion n
readout fSoBHASt “f“r%{ﬁ@‘*ﬁ’é"%'f‘ al s fed to a @%b‘f‘?ﬂf%‘ihs@sémw"(ybﬁ!ﬂ -2B; Whey the

said smoothing means is a oy PP‘ﬁésr @mglhﬁﬁ sf"ﬂ?tt"%
f ed to Fo‘Pe ‘t“ f’&%‘t?BWﬁT ﬁa'é'ﬁ%%‘t'“%gs ‘Esrfé“%tooxfé d‘g& °q"°

tras a e}
Ciroui ¢ oo ORI o BB 1) °C] E ﬁé‘*f;%.ﬁ "“vesﬁ?'&? é°§f"@
an X-ray defEPeEt Tﬁ .ulms qur&Pt ly fﬁﬁ & highef portid L(tf?e étBﬁre Uency 8 dit
accor dance mn e rese |nveh ion conpri ses:

subtracti on between these two read- a snﬁbthlng neans forsnDothlng an X-ray
im outs is carried out. age obtained before the injection of a contrast
nme- Let it be supposed that a pre-contrast imge has dium and a
subtraction neans for carrying out sub- 50 such a spatial frequency
spectrum as shown in Fig. traction between said X-ray inmage thus snoot hed
2Aand that the snDothlng CIrCUIt 3 con5|sts of a |OMF and an X—ray |nage

. Y L 1 a o o




3 .EP {0 331 274 Bl gpo 33127481 4 off, gand the inage
now consists nerely of the |ower medi um and a subtraction nmeans (4) for

carrying ogoarnt | on thereof mere'tg}%'er esult that t{be ndg ct I8 "ying
subtracti Jil re w:th%ﬁel am%us tion 'E}J su E% ?a‘;(ﬁ thus
vague a”‘fmpg lt“e |§| e is render I an ta| el the
contrast I tra & imdgat 5’( V\g§&] én'age met edffwmCon

medi um  AGAY, e ple nt%ﬁmsmrma&re Itmeee her ef é?tEt%cte Béin Ha?

char act erg,gf sbé&tr&:h%ia@&@rﬁ&)fmﬁ%%ﬁsr SN2 f a CO”tJaﬁ!%hoétﬁfﬁQﬁeaﬁQ@ﬁé§foﬁ-pas"§?||terand
sai d sm%hmm.@srwthéﬁadusnogalmm&smiI | ter ange 2@ Mredubncyiof said EnodiHingt

f r eqUANC agRadded & tHéfrédubrity chafdcteribtR@néwiinT f T 1 eqURREY cithgeaal d snoot hi ng means
age addedig.ga.t he frequency characteristic shown in can be changed. Fig.

2A. \When viwWhendigwed from te stihépothpéfispdtialtfe- spat i al fre- 10 quencies, the

subt r act iqoencies, thespbtidctionrot the plugedppeitantisst  Pat Patentmmgpriche | nage fromthe
cont r ast imnagadremite contrastmege ie@prlesenteby theibt r acti on of the curve shown in Fig.
2C f r om tshitraction oFthe gurve sirowp lint Eiga@CAtem Mer ar beilt kineeVordehturRg gum VerarbeitensdingsaRontn
Fi g. 2D. ciiveshows inFig. 20. Théwesultofthis subbre¢tiom  genbi | abobildes, pmfagssedid: i s shown in
Fi g. 2E. ismhewrinBggETbyfredyencuehametedstivefapf n  19ine @itivagseingohtung (B aimPlfttameinay
(3) zum dragersbepndn fig El'?fﬁ@b“?%‘ﬁﬁ“ﬁgﬁ o g. 2E i sRapigerpiidesgdasivey der injeition ejnpmion-
Ront genblslsffé'ge"e‘%laf§h‘ilﬂ$h°8%‘?’"9“ ‘t*)'ﬁ' f&' nes Kon- t’??'@?%s ?fﬂ?'@\‘ °"8F“ 'P%E“dn? i

58[3'[!‘%‘ ue g %rgp‘?}’f%ﬁ @aéémquha afchi l > & haI lschen ein genannten nt‘;::I

%’3

esented

et mn}“’?@‘%m“ i svf'szﬁ; ﬁg@ o TR ol (LT
repr esen’t tﬁ g soft t'&adimz ok naehn é%aﬂqmédmnnm

geg| i ttetpumrf ﬁ.rehdsai;t raﬁuag.r mé&&.&ymy& e i mg 4R BiniTid stufd
the con- e 3ot gﬁ{u th iR nfag &bk sMeld] €kt on &a rA%&ch re&feﬁéherl ﬁHﬂQfﬁ\t a@ -
al so i n tehfs BisoR MSubS This tnmsserh.ﬁs the véry ast N t t elyfgsBiffithuhSsbaiirtdRRieh Rdnn. f Or €

It was Srgastdaeshinmb 6HR80kRAly ol the Burfadsds? out - dadurch gekennzl echnet,
dal die greéoraj&c.putted fromthe subtraction circuit 4 consists solely of

G at t ungsei By dhadying it c(tff frequendy otfhpahdott- i t er iReventdichtiohe vascul ar i mage and -
t he mar giingaireuit Bxtiderssitile to kdjst the digree thwhickbsehnei def r equenz der genannt en

d at - et enpeaontrastdimbge issewetbed Fhbhgredramde per rii t dn appereilxertraitement d'une image de rayons
t ungsei nrthereby @digst dfeecarepyntof informiation Reauhtheeasy asclrcomprensetit of vascul arity on
the surf aeasginsef skeleboheelons, et c. By changing t hedqgupmfsﬂﬂrsemé?de rligsenuneimage
snoot h-  Redithaephagrerosntsastimgoadnd gegntrastim-j ¢ | 5 podegpyopeX etenueavaall injeslion diunpsubs-
in which age%“a"efﬁ"@?@&ﬁ?ff‘%@ﬁ1?'14&@@"?%"’% nodt hed Bfcele G?'l“éife- £heps moyans dFJﬁ°"s“'a°‘

i h
?gfg:: ﬁ’la.![ |¥j@t ??%* jon |ma %uﬂ'@“ﬁtayor ;I ;2%‘%@/‘) ue&srlns ? etune |magetdr:
des’ a)ye %5‘?5 :;%)tl: thes %"é{’}ﬁne i mage nra Peeap&fﬂ frjegiign d'une

i mage an ¢ ObLenue ion d' une

subs- ag eg;& I'n ftp%ne engiarmrﬁ’gs 1 #nd 2 lgﬁ?en Esa eﬁzamg axegr?m"e
contraste ?er %réH&Bﬁ it apfral th@Qainl.y 1 N the e‘Ef %

a pre- Conigk BewksistirlgsBlBly bfithe Pikuiar Ghdg@ Ghd'b UNE SOUﬁ&J&ﬁsC&deé%géfﬁﬁuE&re'cHﬁﬁ@e and
subt ract |,ﬁuag.ﬁmgemm(ehgnﬁ@rsgﬁﬂgsb&r.eob. | "i mage de rayons X ainsi [ sshe
et une i nNEEER feben the.appdiatid @ dcddrdaite @ilSthe t ke contrast inage is reproduced
rayons X peasbnt@véntion (Tais irtaga i Vafy suitdbleja@@hi on dune by addi ng the pre-contrast
| mage t o dribatipnl lvhagacih i sogical spetatibranete. ke contrasts, inmage, and |s subjected
t o t he samesepyyoraking amgbsaryation40this ireagacinbri SM en ce que nentioned above.

| ea noyeregn viey ¢asiyasepntaift 33scyritpdndheawrfaces un filtre Fromthe foregoing, it
will be ®bpkalelons echat an im passe-bas ef? |s frdquence de coupure de ces
age consisting solely of the vascular imge and the noyens de |issage
peut Qtre changee. margi.nal inmages of skeletons and soft tissues is.ob-
tai ned frifMehe appar atus in accordance with the 45 present invention.

This image js ayery ¢ |tablse as Qn or| ent ation image in surgical operations,
etc. be- ¢a ppg 1<F’ﬁ°g’ AP ALEIMIPIBN B this i mage, one can very easily

ascertain vg§ gﬂt dand f skel etons, etc.

50 G ai ms limabdl ,m‘f%a" e’%h gﬁﬁ"ﬁ%g an X-ray inmege, 55 conprising: a
snoot hi ng neans (3) for sm)othl ng an X-ray | mge obtai ned before the

i njection of a contrast 3 3 EP 0 331 274 Bl




of f, and the inmage now consi sts nerely of the | ower medi um and a
subtractlon means (4) fsor carrying pgphm—;ﬁlgqreof wth the result that
the marginal por- out subtractlon betvveen said X-ray inage thus tion of

the imge s rendered vague Pl g; not.hed ag;gc@},p, Narls JQRae
ob ai ned rf%hg":."lﬁeg" i "I’th! [‘2' R % %ﬁ'ﬁﬁuﬂ
the fr ot Eﬁ hsi 'a% ,g'tmgbbency Speﬁleﬁﬁbﬂ‘opj coft ﬂﬂédﬁ Ob | mage d

consi Stsmd@e%tothepreﬁﬁht ﬁﬁfﬁ’é&tﬁieﬂﬂnﬁﬁﬁ'ﬁ% 3 is @ha\vé&éﬁ&@ﬁﬁh Iter and shown
in Fig. Zddenchlspéctitin bf £aonag Y %nsﬁtsVEsSCU' ar | gaid sntoBing Mb4dk {3) & b RWLPBST er@hd
sai d SMDhBITIGFIERB Wtha GequaibiREr avascliB@m I ©0UENC yhe T MehuRRdySSH islid SHEIMIng! Means
can Re_ chigagadid tdthefreqiénoy WiedtteridticwRibnfin Om t he sanbadpempe of spatial fre-
10 quencirmg2At he subtraction of the blurred pre-contrast Patentanspruche
| mage fr om When vewati fram thelstandpeint of spatigifesenbed by the subtraction of the

cur ve showencies, the sybtraet®nfof therbltnned preicontiashe \or Patewtanmpgiichem Ver ar bei t en si nes
Rvnt - curimegeStemthe dontrast inpageisyepradented ydbd t of thi s subtraction genbil des,
unf assenceubtrastidncafithe IGHWF shpwn SreFis. PRdvomdbpiency cha Elne tVeriphiurig ot Vgparbeitepseines iRént-
G At t ungsrvashowsin fiigy 2R-The respitotthipgublipctian nes i nagenbildeswirfassenti g. 2F i s such
that thi s's’r'\‘m jB Fig-2F- 91189'*? cherepteristicofany s 15or (afe Fﬁt'éﬁfq"lﬁ‘ﬂ‘t‘é‘ﬁrﬁfﬁé““l’@'ﬁt‘e"ﬁ"gi s

mer SI y of'mPWe"ﬂrgf ﬁ h: f“l Wa P's l"}?é" at | aI : f r BOntgenpildes das vopge | Kon-
\Sg;- o ﬁ% rchf fl ﬁr ?ﬁﬂﬁg@?c E“P%Efﬂ‘ Et
u ing, whi ?&. ra%t i on %ﬂa cﬂ lsc enFﬂrHl d tgen-

obl i\gue fef'ggm *th

eme

Ront gen- asgggl conkel et ons n i e, kt,o en
derart_gcihAinksd @bl qmm ooH ﬂq&%sues e @@9 wer'e
i ncl uded ford itlwas sﬁ&ﬁhed c {y'ah b S nach d@hdurdl Ge hﬁﬁlcﬁ‘doﬁ!e&rs'ﬂﬁ@ geﬁaﬁrﬁét

i mage ( angtad figh thékuBt%tldﬂ'&hﬁD&héﬁ&olely%ﬁge be-  cligitafgsslhrichtBhgY ﬁmﬁdﬁa@ntemr

i st, fOr ehé vashies infg®adiRChiargidaPimaged WrRbil Y 8N | Mageatdbineidefrequ §dhannten Glat-
gekennzel &i6ha @hd softdissuds. Thig Riags pérMitdahé veRyel T r om t Inggseinbéntung béanterGaerdeh kann4

CONSi St's &ey ssbaitadment of vakdularitg setha surfabdswng (3) ein TiefpaSt liter ist und the
vascul ar skaeges, &ad t he margi nal i mages of skel- 25 die Abschnei defrequenz
der genannt Bychaogiigtheetienfifrequedcydtthd snidoths ues. Rénemdicatte pernits the very

t ungsei nringdircuit3gt igpwésidete adjusttheliegrekinwhich eay ascertai nnment of vascularity on
t he surf at eve-coitragtigiags isremoothedcof tyred lapchgi ng 1-h &nepnarei) fig trefiteraeptidvne ymagp de ayons
snoot h-  therehyradivetdhe mnthﬁgfomhemmoutshe it |'s pdsepmpresant o adj ust the degree
i n whi ch marginspf gheletopy Ay ast i nage is snoot hed @Fs PAYEISdalissaga(3) pouriisseqype image

appar ei | eWW&QWfﬂé‘?‘?ﬂ"ﬂit'maf‘ é""ﬁ@"‘r ayons tﬂéf"é‘lﬁxa qygevap%@pgmgmesglr&
i nf or mat i 7 y s de soustrac-

e m

des m)yen'¥'n a " g’ %’}‘ Hﬁ?t ﬁne |mag ‘ﬁ gentre
i mge and"99% f ot fmag obt enue \7‘5?& |Pﬁo ﬂﬁcém%ﬁﬁﬂ%

n the a er e thecontras '"F onsqu ?1 gprés éﬂje on d'une
agelare Ll :f 72 rospellilon. mié
contrasts gja f‘;&’@ Y Jpn th%a A‘f |bed enbodi nent ,
a pre- Conjpg aiedasavo our bt dne s oy upﬁ;sfg@t(a)%oasﬂm%namﬁhra
subtraction F&oﬂﬁ&eoraa?amghwmeﬁp%@n&mgﬁm I nagessﬁeasraypﬂsqu énc8 8 Shupute S tBs
et une i ng@Qortftingisolely Bf théPastult irfdige GtftRe L NE  COMoyehs be issayd Beut Strd dhBghElLC Ed
rayons X wjathind? itagudf skeléneghdlasst fissbiesjissbt | on d' une by addi ng the pre-contrast
i mage to taiR€d fandtheaapparatls in RctidahaWith the centrasts, inmage, and is subjected
t 0 t he sapresefitrinvestivs.i Thiy isege isAery saiblaas i | S6 en ce que nentioned above.
| ea nDyenwiectationiimagegie suikalcapemiigb.eett. en un f iltre Fromthe foregoing, It
wil |l be a¢agee: byrhaking an obsarvation of thiseege,loaes et | a frdquence de coupure de ces
age consi e veryeasill asteytaipvascriaitycadnsudacet mage and the  noyens de |issage
pout St r eofgkplatpaetc. nar gi nal | nages of ske¥etons and soft tissues is ob-
tained fromthe apparatus in accordance with the 45 present invention.
Thi s |mag§ |s very suitable as an orientation image in surgical operations,
etc. [?%’e by maki ng an observatlon of this inmge, one can very easily
ascertain j.vascy aarlt on es % ges of skel etons, etc.
50 d ai ms™1’ rﬁﬂp Parabi¥ T' 5¥eC8°hg Bn X-ray image, 55 conprising: a

snoot hi ng -ray | mage obtained before the
|nJ ection on?éaéo“ :ﬂ%ﬂ %%ﬂ%f 11 1111111121111121 * C L M S

3
L




