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in motion is displayed without undergoing any pro- cessing for noise
reduction. Thus the image of the The present invention relates to an
apparatus   object in motion contains noise. for processing video signals
representing an X-ray     FR-A-2 575 886 discloses a system in which a
image obtained from an X-ray television camera,   5   motion detector is
used to determine which areas and more particularly to an apparatus for
image     of an image contain moving objects and which only information
processing suitable for noise reduction.  stationary objects. The former
areas are subjected An X-ray fluoroscopic system provided with an  to
recursive temporal filtering and the latter to (1- X-ray television camera
has the disadvantage that  dimensional) spatial filtering. To ameliorate
the de- the X-ray dosage can be increased only within a   10   marcation
artefacts the whole image is then certain limit because of the necessity to
restrain  smoothed by a 2-dimensional spatial filter. the X-ray dosage to
which a subject is exposed.        EP-A-0 025 730 discloses the
construction de- The result is that a fluoroscopic picture obtained  tails
of a motion detector including a 1-dimensional from such a system
inevitably contains noise.      spatial filter and further describes
variable mixing A conventional way of noise reduction is to  15   means,
which are however only used within a re- allow objectionable lag to occur
by allowing video  cursive temporal filter. signals to pass through a
recursive filter. The trou- ble is that, when an image in motion is allowed
to  SUMMARY OF THE INVENTION pass through the recursive filter in the same
man- ner as an image at a standstill, the lag shows itself  20  It is an
object of the present invention as in the form of a vague out-of-focus
picture. In order  claimed to provide an apparatus for processing an to
eliminate such vagueness, it is common to incor-  X-ray image in such a
manner that the image of an porate a motion detector, which allows the
recur-  object in motion, not to speak of the image of an sive filter to
have a stronger effect on an object at  object at a standstill, is suitably
subjected to noise a standstill and a weaker effect on an object in  25
reduction so that a distinct image as a whole may motion.
be obtained. Fig. 2 shows the above-described construction      An image
signal newly obtained is allowed to of a recursive filter, into which a
frame memory 6  pass through a recursive filter means so as to allow for
storing a frame of image is incorporated. The  objectionable lag to occur
between that image and last frame of image is stored therein in the form of
30   a plurality of images previously obtained. picture elements. Let it be
supposed that one of      On the other hand, two-dimensional smoothing them
has a value B, which is multiplied by K in a  within a single image is
carried out when the image multiplier 8. The corresponding one of picture
ele-  signal is processed in the smoothing means. ments, of which the
present frame of image con-       The image signal taken from the recursive
filter sists, has a value A, which is multiplied by (1- K) in  35   means
is mixed with the image signal taken from a multiplier 2. The outputs taken
from the multipli-  the smoothing means. The mixing ratio for each ers 8
and 2 are fed to an adder 3, in which the    picture element is determined
by the motion de- following operation is performed:
tecting means, which compares each picture ele- ment of the present image
signal with the cor- A (1 - K) + BK                                40
responding picture elements of the previous image signals and thereby
detects the motion of each The result of this operation is fed to the frame
picture element. memory 6 and allowed to take the place of data        Thus
the noise reduction by smoothing takes hitherto stored therein. In the
motion detector 11,  place more remarkably in the image of an object each
picture element of the present frame of image   45   moving quickly, while
the noise reduction resulting is compared with the corresponding picture
ele-    from the lag induced by the recursive filter means ment of the
image stored in the frame memory 6. If  takes place more remarkably in the
image of an the value of the picture element is found to have a  object
moving slowly. change, it indicates that the object has moved. The   Other
and further details of the present inven- value K is made small in this
portion so as to allow   so  tion are hereinafter described with reference
to the the recursive filter to have a weaker effect.      accompanying
drawings. Consequently the objectionable lag, as well as the out-of-focus
picture resulting therefrom, hardly  BRIEF DESCRIPTION OF THE DRAWINGS
occurs in the image of the object in motion. 



However, the fact that the above-described   55   Fig. 1 is a block diagram
of an embodiment of conventional construction allows the recursive filter
the present invention; and to have a weaker effect on the object in motion
is    Fig. 2 is a block diagram of a conventional tantamount to the fact
that the image of the object   apparatus. 2    3                 EP 0 289
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object moves, the larger the difference is. Contrari- wise, a small
difference results from the slow mo- Referring now to Fig. 1, a video
signal repre-  tion of the object. The difference is zero when the senting
an X-ray image obtained from an X-ray     object is at a standstill. The
values of (1 - L) and L television camera is converted into a digital
signal   5   to be given to the multipliers 4 and 10 respectively in an
analog-to-digital converter 1. The digital sig-  are changed according to
the difference. The value nal is fed to a multiplier 2, in which it is
multiplied  of L is enlarged when the object is moving quickly by (1 - K).
The output taken from the multiplier 2 is  and the difference is large.
Contrariwise, the value fed to an adder 3. The last frame of the video
of L is made small when the object is moving signal has already been stored
in a frame memory  10  slowly and the difference is small. The value of L
is 6. The readout from this memory is fed to a       zero for the picture
elements representing an ob- multiplier 8, in which it is multiplied by K.
The  ject at a standstill. In this case, the output taken output taken from
the multiplier 8 is also fed to the  from the smoothing circuit 9 does not
take part in adder 3, from which an output is taken and fed to a  the
addition in the adder 5. The value of L is 1 for multiplier 4, in which it
is multiplied by (1 - L). The   15  the picture elements representing an
object moving output taken from the multiplier 4 is fed to an adder  at
high speed. In this case, the output taken from 5.
the adder 3 does not take part in the addition in the The output taken from
the analog-to-digital    adder 5, but the output taken from the adder 5 is
converter 1 is fed to a smoothing circuit 9 as well,  nothing more than the
output taken from  the and subjected to two-dimensional smoothing within
20  smoothing circuit 9. a single frame of image. The output taken from the
Thus the recursive filter has a stronger effect smoothing circuit 9 is fed
to a multiplier 10, in  on an object moving slowly and allows an em- which
it is multiplied by L. The output taken from  phasized lag to occur.
Contrariwise, the recursive the multiplier 10 is also fed to the adder 5.
filter has a weaker effect on an object moving The outputs taken from the
multipliers 4 and 10   25  quickly and consequently the lag is restrained
from are summed up in the adder 5, from which an       occurring and the
image of such an object is apt to output is taken and fed to the frame
memory 6 so  be two-dimensionally smoothed. Thus the noise that data stored
therein may be renewed for each  reduction resulting from the lag takes
place in the picture element. The renewed data is fed to a     image of an
object moving slowly, while the noise digital-to-analog converter 7,
restored to an analog   so  reduction by smoothing takes place in the image
of signal, and fed to a television monitoring apparatus  an object moving
quickly. The fact that, as a result (not shown) or the like.
of smoothing, the image of an object moving quick- Let it be supposed that
a frame of image is   ly is devoid of minuteness has nothing to be called
transmitted from a camera at a certain moment,   in question substantially,
because a quickly moving that a signal A represents one of picture elements
35  object cannot be actually seen to the minutest of which the
abovementioned frame of image con-   details. sists, that a signal B
represents the corresponding  From the foregoing, it will be apparent that
the one of picture elements which has already been    apparatus for
processing an X-ray image in accor- stored in the frame memory 6, and that
a signal C  dance with the present invention has a greater is obtained when
another one of the picture ele-  40  effect of smoothing the image of an
object in ments of which the above-mentioned frame of im-   motion and
allowing the lag to be induced by the age consists has passed through the
smoothing    recursive filter more remarkably in the image of an circuit 9.
Then an output D taken from the adder 5,  object at a standstill so that
both of the above- i.e. a signal D which is allowed to take the place of
mentioned two images may be subjected to opti- data hitherto stored in the
frame memory 6, is  45  mum noise reduction and a distinct X-ray image as
given by                                          a whole may be obtained. 



D = CL + [A (1 - K) + BK] (1 - L)                 Claims The output taken
from the smoothing circuit 9   50  1. An apparatus for processing an X-ray
image, and the readout from the frame memory 6 are fed      said apparatus
comprising: to a motion detector 11, in which each picture
recursive filter means for filtering between element of the former is
compared with the cor-      a plurality of sequential images, each of said
responding picture element of the latter so that the  images comprising a
plurality of picture ele- motion of each picture element may be detected.
If  55  ments; the object moves, the value of the picture element
smoothing means for carrying out two-di- changes and consequently a
difference between        mensional smoothing within a single frame of the
two signals changes. The more quickly the        image; 3    3
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A PREFERRED EMBODIMENT             object moves, the larger the difference
is. Contrari- wise, a small difference results from the slow mo- Referring
now to Fig. 1, a video signal repre-  tion of the object. The difference is
zero when the senting an X-ray image obtained from an X-ray     object is
at a standstill. The values of (1 - L) and L television camera is converted
into a digital signal   5   to be given to the multipliers 4 and 10
respectively in an analog-to-digital converter 1. The digital sig-  are
changed according to the difference. The value nal is fed to a multiplier
2, in which it is multiplied  of L is enlarged when the object is moving
quickly by (1 - K). The output taken from the multiplier 2 is  and the
difference is large. Contrariwise, the value fed to an adder 3. The last
frame of the video     of L is made small when the object is moving signal
has already been stored in a frame memory  10  slowly and the difference is
small. The value of L is 6. The readout from this memory is fed to a
zero for the picture elements representing an ob- multiplier 8, in which it
is multiplied by K. The  ject at a standstill. In this case, the output
taken output taken from the multiplier 8 is also fed to the  from the
smoothing circuit 9 does not take part in adder 3, from which an output is
taken and fed to a  the addition in the adder 5. The value of L is 1 for
multiplier 4, in which it is multiplied by (1 - L). The   is  the picture
elements representing an object moving output taken from the multiplier 4
is fed to an adder  at high speed. In this case, the output taken from 5.
the adder 3 does not take part in the addition in the The output taken from
the analog-to-digital    adder 5, but the output taken from the adder 5 is
converter 1 is fed to a smoothing circuit 9 as well,  nothing more than the
output taken from  the and subjected to two-dimensional smoothing within
20  smoothing circuit 9. a single frame of image. The output taken from the
Thus the recursive filter has a stronger effect smoothing circuit 9 is fed
to a multiplier 10, in  on an object moving slowly and allows an em- which
it is multiplied by L. The output taken from  phasized lag to occur.
Contrariwise, the recursive the multiplier 10 is also fed to the adder 5.
filter has a weaker effect on an object moving The outputs taken from the
multipliers 4 and 10   25  quickly and consequently the lag is restrained
from are summed up in the adder 5, from which an       occurring and the
image of such an object is apt to output is taken and fed to the frame
memory 6 so  be two-dimensionally smoothed. Thus the noise that data stored
therein may be renewed for each  reduction resulting from the lag takes
place in the picture element. The renewed data is fed to a    image of an
object moving slowly, while the noise digital-to-analog converter 7,
restored to an analog   30  reduction by smoothing takes place in the image
of signal, and fed to a television monitoring apparatus  an object moving
quickly. The fact that, as a result (not shown) or the like.
of smoothing, the image of an object moving quick- Let it be supposed that
a frame of image is   ly is devoid of minuteness has nothing to be called
transmitted from a camera at a certain moment,    in question
substantially, because a quickly moving that a signal A represents one of
picture elements  35  object cannot be actually seen to the minutest of
which the abovementioned frame of image con-    details. sists, that a
signal B represents the corresponding   From the foregoing, it will be
apparent that the one of picture elements which has already been
apparatus for processing an X-ray image in accor- stored in the frame
memory 6, and that a signal C  dance with the present invention has a
greater is obtained when another one of the picture ele-  40  effect of
smoothing the image of an object in 



ments of which the above-mentioned frame of im-   motion and allowing the
lag to be induced by the age consists has passed through the smoothing
recursive filter more remarkably in the image of an circuit 9. Then an
output D taken from the adder 5,  object at a standstill so that both of
the above- i.e. a signal D which is allowed to take the place of  mentioned
two images may be subjected to opti- data hitherto stored in the frame
memory 6, is  45   mum noise reduction and a distinct X-ray image as given
by                                           a whole may be obtained. D =
CL + [A (1 - K) + BK] (1 - L)                 Claims The output taken from
the smoothing circuit 9   so  1. An apparatus for processing an X-ray
image, and the readout from the frame memory 6 are fed       said apparatus
comprising: to a motion detector 11, in which each picture
recursive filter means for filtering between element of the former is
compared with the cor-       a plurality of sequential images, each of said
responding picture element of the latter so that the  images comprising a
plurality of picture ele- motion of each picture element may be detected.
If  55  ments; the object moves, the value of the picture element
smoothing means for carrying out two-di- changes and consequently a
difference between         mensional smoothing within a single frame of the
two signals changes. The more quickly the         image; 3    5
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for mixing picture elements      in der Mischeinrichtung gemischt wird. of
an image signal taken from said recursive filter means with picture
elements of an image  2. Gernt nach Anspruch 1, dadurch gekennzeich- signal
taken from said smoothing means; and       net, daB die Mischeinrichtung
Multiplizierstufen motion detecting means for detecting mo-   5   und
Addiereinrichtungen enthalten. tion of each picture element by comparing
each picture element of a present image signal  3. Gernt nach Anspruch 2,
dadurch gekennzeich- with corresponding picture elements of pre-       net,
daB die Bewegungsfeststelleinrichtung ein vious image signals and,
depending on the          Signal zum Einstellen des Multiplikationsfaktors
motion of each picture element detected from   10  der Multiplizierstufen
erzeugt. such comparison, controlling said mixing means to thereby
determine a ratio in which    4. Gerat nach einem der Ansprache 1 bis 3,
each picture element is mixed in said mixing      dadurch gekennzeichnet,
daB der St6runter- means.
drOckungseffekt der Glattungseinrichtung gr6- 15      Ber ist flr ein Bild
eines Objekts, welches sich 2. An apparatus according to claim 1 wherein
relativ schnell bewegt, und der Stdrunterdrlk- said mixing means include
multiplier means        kungseffekt des Rekursivfilters gr6Ber ist fOr and
adder means.                                  ein Bild eines Objekts,
weiches sich relativ langsam bewegt. 3. An apparatus according to claim 2
wherein  20 said motion detecting means generates a sig-   Revendications
nal for adjusting multiplication factor of the multiplier means.
1. Appareil de traitement d'une image obtenue par rayons X, comprenant: 4.
An apparatus according to any preceding claim   25    des moyens de filtre
recurrent pour effec- wherein the noise reduction effect of the
tuer un filrage entre une pluralitd d'images smoothing means is greater for
an image of an     sequentielles. chacune des images etant object which is
moving relatively quickly and     constituee d'une pluralit4 d'elements
d'image; the noise reduction effect of the recursive filter    des moyens
de lissage pour effectuer un is greater for an image of an object which is
30  lissage bi-dimensionnel sur une seule trame de moving relatively
slowly.                         l'image; des moyens de m6langer des
elements Patentanspruche                                      d'image d'un
signal image ddlivrd par les moyens de filtre recurrent avec des 4lements 



1. Gerdt zum Verarbeiten eines Rontgenstrahlbil-  35  d'image d'un signal
image provenant des des, umfassend:
moyens de lissage ; et einen Rekursivfilter zum Filtern zwischen einer
des moyens de ddtection de mouvement Vielzahl von aufeinanderfolgenden
Bildern, wo-    de chaque element d'image en comparant bei jedes Bild eine
Vielzahl von Bildelementen    chaque 6lement d'image d'un signal image
enthalt,                                  40      actuel aux dl6ments
d'image correspondants eine Gl~ttungseinrichtung zur DurchfUhrung ei-
des signaux d'image ant6rieurs et, selon le ner zweidimensionalen Glattung
innerhalb ei-      mouvement detectd de chaque 4ldment diOma- nes einzelnen
Bildrahmens,                        ge grace a cette comparaison, des
moyens de eine Mischeinrichtung zur Mischung von Bild-      mdlanger etant
commandds afin de d~finir un elementen eines Bildsignals, welches vom Re-
45  rapport suivant lequel chaque 6lment d'image kursivfilter abgenommen
wird mit Bildelemen-      est melang6 dans lesdits moyens de melange. ten
eines Bildsignals, das von der Glittungs- einrichtung abgenommen wird, und
2. Appareil selon la revendication 1, caract6ris6 einen Bewegungsdetektor
zurm Feststellen ei-      en ce que lesdits moyens de m6lange com- ner
Bewegung jedes Bildelements durch Ver-  50    prennent des moyens
multiplicateurs et des gleich jedes Bildelements eines gegenwartigen
moyens additionneurs. Bildsignals mit entsprechenden Bildelementen
vorheriger Bildsignale und zur Steuerung der   3. Appareil selon la
revendication 2, caracterise Mischeinrichtung in Abhgngigkeit von der Be-
en ce qus lesdits moyens de ddtection de wegung jedes Bildelements, welches
durch ei-  55  mouvement gdnbrent un signal destine a re- nen derartigen
Vergleich festgestellt worden      gler le coefficient de multiplication
des moyens ist, um auf diese Art und Weise das Verhaltnis
multiplicateurs. zu bestimmen, in welchem jedes Bildelement 4    7
EP 0 289 152 B1                    8                *  C  L  M  S  * 4.
Appareil selon Iune quelconque des revendi- cations prdc6dentes,
caractdris4 on ce quo 'effet de rEduction de bruit dos moyens de lissage
est plus important pour l'image d'un objet qui so ddplace relativement vite
ot 'effet   5 de rEduction d'image du filtre rEcurrent est plus important
pour l'image d'un objet qui se ddplace relativement lentement. 10 15 20 25
30 35 40 45 50 55 5    


