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' DIGITAL X-RAY RADIOGRAPHIC APPARATUS RTN 4 {5 ( Of}j

BACKGROUND OF THE INVENTION
(1) Field of the Invention

This invention relates to digital X-ray radio-

~graphic apparatus for use-in interventional radiology

(IVR), for example, and having a function to reproduce

radiographic image data. More particularly, the inven-

tion ;elatgs to a device for selecting radiographic
image data for reproduction.
(2) Déscription of the Related Art

| The.digital radiographic apparatu$ digitalizes,
for example, X-ray penetration images of visualized
blood vessels obtained from various directions of an
exahinee.' Resulting data are stored in a storage
medigm such ‘as a magnetic disk, so that the X-ray
penétration images (radiographic image data) may be
reproduced when desired.

IVﬁ.is'a therapeutic procedure in which an opera-

tor (doctor) treats, with a catheter inserted into a

~ patient's body, clogging of a blood vessel, cancer

cells or the like found through angiography. In the

IVR procedure, a comparison is made between fluoroscop-

" ic images currently obtained_thfough angiography and

X-ray penetration imaées-(radiographic image data)
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graphic apparatus for use in interventional radiology (I'VR), for exanple,

and having a function to reproduce radi ographi c i nrage data. Mbore
tion relates to a device for selecting

particularly, the inven-
radi ographic i mage data for reproduction. (2) Description of the
Rel ated Art The digital radiographic apparatus digitalizes, for

exanpl e, X-ray penetration inmges of visualized blood vessels obtained
fromvarious directions of an exam nee. Resulting data are stored in a
storage nediumsuch as a magnetic disk, so that the X-ray.

obtained through angiography in advance. It is there-
fore necessary to reproduce, during the IVR procedure,
‘desired radiographic image data in the examination room
where the operator is working. Such data are selected
5' from the radiographic image data stored in the storage
_ medlum of the digital radiographic apparatus.
_ Thus, the digital radiographic apparatus 1nc1udes
a monltor installed in the examination room where the
6perator works, for reproducing and displaying the
10 raaiographic image data. Conventionally, an engineer
carries out an operation on a control console installed
"in a control room separate from the examination room to
reéroducé the radiographic image data.. During the IVR
' érocedure, the operator gives verbal instructions
15 - through an intercom or the like to the engineer for
reproduction of the radiographic image data the opera-
. tor désiies. |
Preferably, during the IVR procedure,. the desired
_ ‘radiographic image data should be reproduced immediate-
- 20 1y.7 With the Eonventional apparatus, however, the
aesired data are not reproduced immediately since the .
-reprpduction is done through the engineer. This and
other aspects of the conventianal apparatus constitute

" a disadvantage in operating efficiency.
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SUMMARY OF THE INVENTION

Having regard to the state of the art noted above,

the object of this invention is to provide a digital

X—ray radiographic apparatus for enabling radiographic

5 image data desired by an operator to be reproduced

immediately and efficiently.

The-above object is fulfilled, according to a

- first aspect of this invention, by a digital X-ray

radiographic apparatus for digitalizing and collecting

10  X-ray penetration images of an examinee, and reproduc-

ing the X-ray penetration images collected, the appara-~

_ tus comprising:

an X-ray penetrating device for obtaining the

X-ray penetration images from the examinee;

15. a signal converting device for digitalizing the

X=-ray pénétration images received from the X-ray

penetrating device;

a stofage device for storing the X-ray penetration

Iimages digitalized by the signal converting device;

20 a reproduced image display monitor installed in an

" examination room along with the X-ray penetrating

device, for reproducing and displaying the X-ray

Zpenetration images (hereinafter referred to as "radio-

graphic image data") digitalized and stored in the

25 - storage device;
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2 obtained through angi ography in advance. It is there- fore necessary to
réproduce, during .the IVR procedure, desired radiographic imge data in

t he exam nation room where the operator is working. Such data are sel ected
fromthe radi ographic inmage data stored in.the storage nedium of the

di gi tal radi ographic appar at us.

a fluoroscopic image display monitor installed in
the examination room for displaying fluoroscopic images
‘being picked up by the X-ray penetrating device;

a menu generating/displaying device for generating

-5 a menu including at least a funcﬁion to select radio-
gfé?hic image data to be reproduced and displayed on
the reproduced image display monitor, and causing the
menu to be displayed on the fluoroscopic image display
mdnitor}

- 10 - a selecting and instructing device installed in
the examination room for selecting and instructing
1functiéns shown on the menu;

a display switching device for switching the

_ fludroscopid:image displéy monitor between a state for

15 _displayihg'the fluoroscopic images being picked up by
.thé X-ray penetrating device and a state for displaying

' the menu generated by the menu generating/displaying
" device; and'

a control device responsive to instructions

20 received from the selecting and instructing device for
causing. the radiographiq image data to be reproduced
and displayed on the reproduced image display monitor.

An apparatus according to a second aspect of this
invention comprises a superimposing device, in place of

. 25 . the display switching device, for causing the menu to

- 4 =
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Thus, the digital

the exam nation roomwhere the operator works, for reproducing and
di splaying the radiographic inmge data. Conventionally,

radi ographi ¢ apparatus includes a nonitor installed in

an engi neer

carries out an operation on a control console installed .in a control room

separate fromthe exam nation roomto

reproduce the radiographic inmage

data. During the VR procedure, the operator gives verbal instructions

through an intercomor the like to.the engineer- for

radi ographi c image data the opera- tor desires. Preferably,
the 1 VR procedure, the desired

10

15

20

25

be displayed on the fluoroscdpic image display monitor

in superimposition on the fluoroscopic images being

:picked up by the X-ray penetrating device.

Further, an apparatus according to a third aspect

of this invention dispenses with the display switching

device in the first-menticned apparatus, and includes a
menu display monitor besides the fluoroscopic image-
display mohitor. The menu generated by the menu
éenerating{displaying device is displayed on the menu
displéy.monitor.

With these apparatus, radiogréphic image data to

be reproduced may be selected and instructed by operat-

' ing the selecting and instructing device installed in

the examination room. Thus, the operator himself or
herself can carry out the selecting and instructing

operation. As a result, the radiographic image data

_ desired by the operator during an IVR procedure may be

"reproduced immediately.. The menu showiqg the control

functions performed in response to operation of the

selecting and instructing device is displayed on the

" monitor (on the fluoroscopic image display monitor in’

the apparatus according to the first and second aspects
of this invention,_or on the menu display monitor in
the.apparatus according to the third aspect of the

invention) installed in the examination room. ' The
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radi ographi c i mage data shoul d be reproduced i mediate- |y. Wth the
conventi onal apparatus, however, the desired data are not reproduced
i medi ately since the reproduction is done through the engineer. This and
ot her aspects of the conventional apparatus constitute a disadvantage in

operating efficiency.

6perator may refer to the menu while observing the-

radiographic image data reproduéé&, and operate the

selecting and instructing device to effect the select-

ing and ;nstructing operation. This promotes operating
5 efficiency in selecting and instructing radiographic

image data to be reproduced.

N BRIEf DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention,
‘there aré.shown in the drawings several forms which are
iO_ _presently preferred, it being understood, however, that
the invention is not limited to the precise arrange-
ments and instrumentalities shown.
_Fig. 1l is a block diagram showing an outline of a
digital-radiographic apparatus in a first embodiment of
15- this invention;
Figs. 2A and 2B are perspective views of joysticks
ieach having a pushbutton;
Fig..3 is a view schematically showing management
of filés collected in a magnetic disk unit;
:. 20 Fig..é'is a view showing_a first menu;
Fig. 5 is a view showing a second ménu;
Fig. 6 is an explanatory.view of a reproducing
ﬁode}

Fig. 7 is an explanatory view of a "ZooM"
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SUMVARY OF THE | NVENTI ON It is an object of the present invention to
anel i orate one or nore di sadvantages of the prior art. ' According to
one .aspect of the present invention there is provided a digital X-ray

radi ographi c apparatus for digitalizing and collecting X-ray penetration

i mges of an exam ne, and reproducing the X-ray penetration inages
col l ected, said apparatus conprising: X-ray penetrating neans for obtaining
the X-ray penetration inmages fromthe exam nee; signal converting neans
for digitalizing the X-ray penetration i mages received fromsaid X-ray
penetrating neans; storage neans for storing the X-ray penetration inmages
digitalized by said signal converting neans; a reproduced inmage displ ay
noni t or installexifdhc%@oﬁganination roomalong with said X-ray penetrating
means, for reproducing and displaying the X-ray penetration inages
(hereinafter referred Fbgas isadh egpbplatory neige ofiat &PPsxitIgntal | zed and
stored in said storage neans; a fluoroscopic image display nonitor
instailed in said®®&H®mti on room for displaying fluoroscopic i mages being

piCked up by Figs. 9A through 9C are explanatory views of a
5 “MULT" function;

.. Fig. 10 is a view showing a selector menu of the
"MULT" function; ’

: ‘Figs. 11A through 11D are explanatory views of a
- file sélection by the "MULT" function;
10 Fig. 12 is a view showing a selector menu of a
| "PROCESS" function;

B Figs. 13A and 13B are.explanatory views of a
magnificatioh ratio selection by the "PROCESS" func-
tion;

15 Fig. 14 is an explanatory view of a stricture rate
selection by the "PROCESS" function;
Fig. 15 is a perspective view of a changeover
‘switch on_a'control console (for enabling or setting an
order of priority of the joysticks);
20 . Fig. 16 is a perspeétive.view of a modified
se;ectiﬁg and instructing device;

" .Fig. 17 is a block diagram showing a modified

principal bortion pf the first embodiment;

Fig. 18 is a view showing a menu superimposed on a

25 : fluoroscopic image;

-7 -
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said X-ray penetrating neans; menu generating/displaying neans for
generating a nenu including at least a function to sel ect radiographic

i mge data to be reproduced and displayed on said reproduced inage display
nmoni-tor, and causing sai'd nenu to be displayed on said fluoroscopic inage
di splay nonitor; selecting and instructing neans installed in said

exam nation roomfor selecting and instructing functions shown on said
menu; display switching nmeans for switching said fluoroscopic inmge

di splay nonitor between a state for displaying said fluoroscopic inmages
bei ng picked up by said X-ray penetrating neans and a state for displaying
sai d nenu generated by said nenu generating/displaying neans; and contr ol
Means responsive to i NSEEYCligons J @36LY G abEAMshBlins @l §CLddd and
instructing nmeans for causing the radi ographic 1 mage data to be reproduced
and di spl ayed on sasnbodéperado€echismageertiispl aghdnoni t or .

Fig. 20 is a block diagram showing a third embodi-

ment of this invention.

-5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of this invention will bé
described in detail hereinafter with reference to the
drawings.

First Embodiment

10 Fig. 1 is a block diagram showing an outline of a
';éiéital radiographic apparatus in a first embodiment of
this invention.
Numeral 1 in Fig. 1 denotes a bed for supporting
an examinee M lying thereon. An X-ray tube 2 and an
15 image intensifier unit 3 are opposed to each other
| ‘across. the examinee M lying on the bed 1.
| A'higﬁ voltage generator 4 is connected to the
.X—ray tube 2. When an operator steps on a photograph-
ing foot switch 5 or a monitoring'foot switch 6 ar-
20 ranged adjacent the bed 1, the high voltage generator 4
'appliés a high current to the X-ray tube 2 to irradiate
the examinee M with X-rays.
A television camera 7 is connected'to the image

intensifier unit 3. The X-rays having penetrated the

This Sheet Has Been Replaced

(L




4 According to still another aspect of the present invention there is

provided a di-gital X- ray radi ographic apparatus for digitalizing and
collecting X-ray penetration i mages of an exam nee, and reproducing the
X-ray penetration inmages collected, said apparatus conprising: X-ray
penetrating nmeans for obtaining the X-ray penetration inmages fromthe

exam nee; signal converting neans for digitalizing the X-ray penetration

i mges received fromsaid X-ray penetrating neans; storage nmeans for
storing the X-ray penetration imges digitalized by said signal converting
means; a reproduced i mage display nonitor installed in .an exam nati on room
along with said X-ray penetrating neans, for reproducing and displaying the
X-ray penetration idigefed Meuee nhveFtd®anar Hiteneinted iAth agsapid C image
data") digitalized and stored in said storage neans; a fluoroscopic inmage
di splay nonitor instightely ithesinageekntsnsdfion undsnd £ goddpghedyvmdy
f1uoroscopic | mages.hel pLRLCKOd R DY, SRIE (LAY RENBl LahhDg) Pans: menu
~generating neans for generating a menu 'l ncl Udi ng at 1 east a tunction to

sel ect radi ographi Gs Begfctalacd @hberd1RpEofbic @dmaryl i sphaayed ®n said
reproduced image display nonitor; superinposing neans for causing said nenu
to be displayedl oProgeessssuerdsdplifiesage shiosptl suteBhtebfrem the

super i mposi tion on 33Loh LIHOLGRERPHO LIRGERRCLIGA SkothRYs 331 d X Ty
converted to a digital signal by an A/D (analog-to-digi-
.tél) converter 9 to be supplied to an image processor
10.
10 The_X—raY tube 2 and image intensifier unit 3,
" arranged in the opposed relationship, are movable along
.and-arouhd'the body axis of the examinee M to obtain
X-ray penetration images from various directions of ﬁhe\
examinee M. The X-ray tube 2 and image intensifier
15 unit 3 (including the television camera 7) may be moved
by the operator manually or through a controller, not
shown. |
The photographing foot switch 5 is an instruction
switch fér causing the X-ray penetration images ob-
20 tained as above to be stored in a magnetic disk unit 11
(i.e. X—ray photography) as described later. The
'-mﬁniﬁoring foot switch 6 is an instruction switch for
causing the fluoroscopic images being obtained to be
shown on fluoroscopic image display monitors 15 and 16

25 (i.e. X-ray monitoring) as described later.
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instructing neans installed in said exam nation roomfor selecting and

i nstructing functions shown on said nenu; and control neans responsive to

i nstructions received fromsaid selecting and instructing nmeans for causing
t he radi ographic i mage data to be reproduced and di spl ayed on said
reproduced i mage di splay nonitor. ‘ According to still another aspect
of the present invention there is provided a digital X- ray radi ographic
apparatus for digitalizing and collecting X-ray penetration i mages of an
exam nee, and reproducing the X-ray penetration inages collected, said
apparatus conprising: X-ray penetrating nmeans for obtainirng the X-ray
penetration i mages fromthe exam nee; signal converting neans for

digitalizing the X-ray Rfgeidibholtd ¥BEA%A:EA] ilobdn ™ BBtk utdY
penetrating neans; storage neans tTor storing the X-ray penetration-i nages
S -digitalized by samdk-vagnanetoaviaigt degiceeansthiz Leyemdused Theag di spl ay
nonitor installed in an exam nation roomalong wi_th said _X-ray penetrating
means, for reproduc??ﬂyeéﬁfF 9 corresponds to a signal converting device
of this invention.
5 The image processor 10 carries out filtering
processes on the digital signal supplied thereto, such
as for reducing noise and defining edges. The magnetic
disk unit 11 is connected to the image processor 10 for
recording and collecting the X-ray penetration images.
10 This magnetic disk unit 11 corresponds to a storage
device of this invention.
Further; ip aorder to reproduce and present the
X-ray penetration images (radiographic image data)
stored in the magnetic disk unit 11 on reproduced image
15 display monitors 12 and 13, a D/A (digital-to-analog)
" converter 14 is connected to the image processor 10 for
converting the radiographic image data in the form of
digital signals to analog signals.
The reproduced image display monitor 12 corre-
20 sponds to a reproduced image display monitor of this
invention installed in an examination room. The
reproducéd image display monitor 13 corresponds to a
control room reproduced image display monitor of this
invention installed in a control room.

25 Qutput data (fluoroscopic image display data) of

- 10 -
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di splaying the X-ray penetration inmages (hereinafter referred to as

"radi ographi ¢ i rage data") digitalized and stored in said storage neans; a
- fluoroscopic i mage display monitor installed in said exam nation room for
di spl ayi ng fl uoroscopi c i nages bei ng picked up by said X-ray penerating
means; a menu display. nonitor installed in said exam nation room nenu
gener ati ng/ di spl ayi ng means for generating a nenu including at |east. a
~funtion to- select radi ographic image data to be reproduced and di spl ayed
" on said reproduced image display nonitor, and causing said nmenu to be

di spl ayed on said nenu display nonitor; selecting and instructing nmeans
installed in said exam nation roomfor selecting and instructing functions
shown on said nenu; and control means responsive to instructions received
from sai d sel ecti ngtBfdMaget PIRCEsAer Hahs Fauttet diongn tieutatrddraphi c

| mege data to be reprodoedsanidndispl ayedancpaldl hepiagicedsigmae display
moni t or . . Wth these apparatus, radiographic inmge data t e
reproduced may be seémtinad U foRSiddettEnly myptpperdatangnanuedsedlagt i ng and
instructing device installed in the exam nation room Thus, the operator

hi msel f or hersel f S3&RIc&FPY 0GF (FFaPBif kantRgliard LhsiFugersrgtdper ati on.

As a result, the rargélgg&gg%s%nggmsdaggcﬁqgghr d hy the operator during an

I'VR procedure may be reproduced I nmedrately. e nmenu showi ng the control
functions performed in rRepwizehtIs Gperai icnlpof tHebmimdl echnérgdedntb
instructing device is displayed on the nonitor (on the fluoroscopic inmge

di spl ay nonitor in 3 RfAappaeatas HecoFer igottal Heteiraseiyed B aspect s
of this invention, Ors.QQ-LOf HENYE Lh8PL @ eMPOLAQE1L MANEAPRAT L US
according to the third aspect of the |nvent|oﬁ§ Fnstalled in t%e
~examn nati on room Tdumverted to an analog signal by the D/A converter 17
IQ to be displayed on the fluoroscopic image display '
" monitors 15 and 16. The switch 19 is operable by a
controlléf 20 to select the input terminal "a" or "b",
" depending on whether the operator depresses the moni-
toring-foot switch 6 or not.
15 . . That is, when the operator depresses the monitor-
| ing fooﬁ switch 6, the D/A converter 17 is connected to
~ the input terminal "a", and thus to the image processor
10. As a result, the fluoroscopic images currently
dbﬁained frgm the examinee M are shown on the fluoro-

- 20 scopic image display monitors 15 and 16. On the other
hand, when the operator releases the monitoring foot
switch 6, the D/A converter 17 is connected to the
input terminal "b", and thus to the GC 18, whereby the

menus are shown on the fluoroscopic image display

25 monitors 15 and 16.

- 11 -
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6, operator may refer to the menu while observing the radiographic inmage

data reproduced, and operate the selecting and instructing device to
effect the select- ing and instructing operation. This pronotes operating

_ The GC 18 corresponds to a menu gegerating/
'displaying device of this invention. The switch 19
cérrequnds to a display switching device of this
invention. The fluoroscopic image display monitor 15

5 '~ corresponds to a fluoroscopic image display monitor of
.Ehis invention installed in the examination room. The
fluoroscopic image display monitor 16 corres?onds to a
_control roqﬁ menu display monitor of this invention
installed in the control room.

10.' Numeral 21 denotes a joystick with a pushbutton
which, as shown in Fig. 2A, is disposed on one side of
the_bed_l for use by the operator. Numeral 22 denotes

- a joystick with a pushbutton which, as shown in Fig.
ZB, is attached to a control console 23 for use by an
15 engineer. Each of these joysticks 21 and 22 includes a
lever 24 rockable crosswise and a button 25 depressable
.to select radiographic image data as described later.
The jd&stick 21 used by the operator corresponds
'to a selecting and instructing device of this invention
20 installed in the examination room. The joystick 22
__used by the engineer corresponds to a control room
'selecting and instructiqg device of this invention
installed in the control room.
The joystick 21 in particular may be used with a

25 sterilized_cover placed thereon for the sake of

- 12 -
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efficiency in selecting and instructing radi ographic inmge data to be
repr oduced. " BRI EF DESCRI PTI ON OF THE DRAW NGS For the purpose of
illustrating the invention, there are shown in the drawi ngs several forns
which are presently preferred, it being understood, however, that the

Invention is not limted to the precise arrange- -nments and
I nstrunentalities shown. Fig. 1 is a block diagramshow ng an outline

-of a digital radi ographic apparatus in a first- enbodi nent of this
i nventi on; :

sanitation. However, such a sterilized cover is not
obstructive to the selecting and instructing operation
since the joystick 21 is operable simply by rocking the
lever 24 crosswise and pressing the button 25.

5 Thé control c¢onsole 23 is_used to set control data
and the like to the controller 20 as described later.
The control console 23 is used by the engineer..

The entire apparatus is operable under control of

the controller 20. For example, the controller 20

10 instructs the image processor 10 to reproduce radio-
graphic image data in response to operation of the
switch 19 based on a state of the monitoring foot
switch 6 as described above (the state of the monitor-
ing foot switch 6 being transmitted through the high

15 voltage generator 4) or operation of the joystick 21 or
22. The controller 20, image processor 10 and GC 18
include, for example, a CPU (central processing unit),
a CruU memofy and an external storage (such as a hard
disk or a flexible disk). The external storage stores

20 processing sequences (programs)} executed by the respec-
tive components. Upon start of the apparatus, these
programs are loaded into the CPU memory for execution
by the C?U. The controller 20 corresponds to a control

device of this invention.

25 In Fig. 1, reference KS denotes the examination

- 13 -
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Figs. 2A and 2B are perspective views of joysticks each having a

pushbut t on; Fig. 3 i1s a view schenmatically show ng nanagenent of
files collected in a magnetic disk unit; : Fig. 4 is a view showing a
first nmenu; Fig. 5is a view showi ng a second nenu; Fig. 6is

an explanatory view of a reproduci ng node; Fig. 7 is an explanatory

view of a "ZOOM'

réom where the operator wdrks, and the components
bounded by reference KS are arranged in the examination
room. ﬁeference SS denotes the control room where the
engineer works, and the components bounded by reference
5 Ks ére'arranged in the control room.
Operations of the apparatus having the above
 construction will be described hereinafter.
Operations for X-ray photography will be described
'first... |
i0 _ In X~ray photography, an ID {identification code)
of the ekaminee M is set through the control console 23
or ﬁhe iike, aﬁd inputted to the controller 20. Next,
ﬁhe operator adjusts an angular relationship between
the examinee M and the X-ray tube 2 and image intensi-
15 fier unit 3. Information relating to the angular
relationship, e.g. "RAO 30° (the X-ray tube 2 being
inclined 30° rightward with respéct to the body axis qf
-lexaminee M)" or "LAO 30° (the X-ray tube 2 being
.-Zinclined 30° leftward with respect to the body axis of
20 examinee M)", is set through the control console 3 and
inputte& to the controller 20. Alternatively, such
' information'relating to the angular relationship may be
'fransmitted to the controller 20 from a control unit of
an x?ray tube and image intensifier holding device not

25 shown. The ID and the information relating to the

- 14 -
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7 function;
function;
- functi on;

10

15

20

- 25

Fig. 8 is an explanatory view of a "POSI TI ON'

Figs. 9A through 9C are explanatory views of a "MILT"
Fig. 10 is a vi ew showi ng a sel ector nmenu of the

angular relationship inputted to the controller 20 are
applied.to the image processor 10.

Then, the operator steps on the photographing foot
switch 5 to cause the X-ray tube 2 to irradiate the

examinee M with X-rays. The X-rays having penetrated

' the examinee M are transmitted through the image

 intensifier unit 3, television camera 7, CCU 8 and A/D

cbnverterZQ to be supplied in digitalized form to the

image processor 10. The image processor 10 writes the

. radiographic image data into the magnetic disk unit 11,

and at the same time transmits the data through the D/A
éonverter 14 to the reproduced image display monitors
12 and 13 for display.

While the photographing foot switch 5 is de-
pressed, the radiographie-image data are successively
stored (collected) in the magnetic disk unit 11 and

displayed on the reproduced image display monitors 12

‘and 13 at a predetermined speed. Where, for example,

" the télevision camera 7 has 525 scan lines in the

vertical direction and the image processor 10 converts
them into 512 x 512 pixels, the radiographic image data
ate.coiiected in the magneﬁic disk unit 11 and dis-
pléyed on the reproduced image display monitors 12 and
13 at the rate of 60 frames per secoﬁd (60 frames of

radiographic image data in one second). Where the
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"MULT" function; Figs. 11A through 11D are explanatory views of a

file selection by the "MJUT" function; Fig. 12 is a view showing a
sel ector nmenu of a "PROCESS" function; Figs. 13A and 13B are
explanatory views of a magnification ratio selection by the "PROCESS"
func- tion; Fig. 14 is an explanatory view of a stricture rate

sel ection by the "PROCESS" function; Fig. 15 is a perspective view of

‘a changeover switch on a control console (for enabling or setting an

television camera 7 has 1,024 scan lines in the verti-
cal diréction and the image processor 10 converts them
into 1,024 x 1,024 pixels, the radiographic image data
are_sfored and displayed at the rate of 30 frames per
5 sécbnd. The speed at'which the radiographic image data
are collected is referred to as a collecting speed,
which is dependent on the number of scan lines of the
television camera 7 and the number of pixel matrices
converted by the image processor 10.
10 ‘The ﬁagnetic disk unit 11 stores radiographic
image data collected in one operatlon (i.e. collected
over a period of time from depre551on to release of the
photographing foot switch 5) as one file. 1In
anglographic photography, for example, the magnetic
.'15_ disk unit 11 stores, as one file, numerous frames of
radiographic image data showing a process of a contrast
material introduced into the examinee M gradually |
£filling bloéd vessels. Each file includes an identifi-
catioﬁ number {(SUB-ID) and information relating to an
20. ~angular relationship at a photographing time ({such as'
"RAQ30°") applied from the image processor 10. Such
files'areﬁgrouped under each ID. Thus, as shown in
Fig. 3, a plurality of files F stored in the magnetic
disk unit 11 are classified according to IDs (examines

.25 M), each file containing radiographic image data

i




order of priority of the joysticks); Fig. 16 is a perspective,
of -a nodified selecting and instructing device; '
di agram showi ng a nodified principal

Fig. 18 is a view show ng a nmenu superinposed on a

.

~10

15

20

25

" obtained by varying the angle of the X-ray tube 2 and

the like.

When the photographing foot switch 5 is released,
i.e. when a photographic operation for one file is
caompleted, the controller 20 causes the radiographic
image data just collected in a file to be diéplayed on
the reproduced image display monitors 12 and 13 cycli-
cally at the collecting speed. A reproducing mode may
be selected from a second menu described later, to
cyclically display these radiographic image data and
other data previously collected and stored in a plu-
rality of files. The reproducing speed may be varied
by operating the joystick 21 or 22 as described later.

During the above process, the monitoring foot
switch 6 rémains out of operation, and therefore the
input terminal "b" of the switch 18 is selected.
Conseéuently, a first menu, as shown in Fig. 4, gener-
ated by the GC 18 is displayed on the fluoroscopic
image display monitors 15 and 16. This screen shows
mainly information regarding reproducing conditions of
the radiographic image data currently displayed (repro-
duced) on the reproduced image display monitors 12 and
13. A portion Gli of the screen shows a list of files
already photographed (including the file just photo-~

graphed) of the examinee M (the same ID), with an
_1'7..
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portion of the first enbodi nent;
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8 Fig. 19 is a block diagram showi ng a second enbodinent of this

Fnvention; and Fig. 20 is a block diagramshowing a third enbodi -
ment of this invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS Preferred enbodi ments of this invention will be

described in detail hereinafter with reference to the

indication (in a bold frame in Fig. 4) of the file
currently reproduced on.the reproduced image display
monitors 12 and 13. A portion G12 shows a reproducing
speed currently selected, with a numefal indicated by

5 the pointer representing the current reproducing speed.
Numeral "0" means zero repfoducing speed, i.e. a still
condition for showing still pictures. The plus numé}-
als show numbers of frames advanced in one second for
reproduction. When the data are reproduced at the

10 collecting speed, for example, the pointer indicates
"60 (60 frames per second)'. The minus numerals show
numbers of frames moved backward in one second for
reproduction. The state of displaying the first menu
is called herein "DISPLAY MODE".

15 In this state, the joysticks 21 and 22 are opera-
ble to produce the following effects:

| (1) When the button 25 is pressed during a dynamic

reproductidn {(at a reproducing speed other than "0"),
the reproducing speed is set to "0" to establish the

20 still condition.

(2) when the button 25 is pressed in the still
condition, the screen is ‘switched to a second menu
described later, unless the monitoring foot switch 6 is
depressed (i.e. only when the first menu is displayed).

25 (3) when, in the still condition, the lever 24 is

.- 18 -
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dr awi ngs. Fi rst Enbodi nent Fig. 1 is a block diagramshow ng an
outline of a digital radiographic apparatus in a first enbodinent of this
i nvention. Numeral 1 in Fig. 1 denotes a bed for supporting an

- exam nee MIlying thereon. An X-ray tube 2 and an image intensifier unit 3
are opposed to each other across the exam nee MIying on the bed 1.

A high voltage generator 4 is connected to the X-ray tube 2. \Wen an

operat or steps on a phot ograph-

inclined leftward and released at once, the radiograph-
ic image data in a preceding frame is displayed. When,
in the still condition, the lever 24 is inclined right-
ward and released at once, the radiographic image data

5 in a succeeding frame is displayed.

(4) When the lever 24 is maintained in a léftwérd
“inclined position, the reproducing speed is shifteé
from right to left in the portion G12 of the first

menu. A reproducing speed indicated by the pointer may

10 be selected. When the lever 24 is maintained in a
rightward inclined position, the reproduéing speed is
shifted from.left to right in the portion G12 of the
first menu. Again, a reproducing speed indicated by
the pointer may be selected.

15 {(5) By rocking the lever 24 backward or forward,
different files may be selected for reproduction. When
the lever 24 is. rocked backward or forward, the bold
frame in the portion Gll of the first menu is shifted
vertically. A reference image of a file marked by the

20 bold frame may be displayed in still condition on the
reproduced image display monitors 12 and 13.

The reference image is a radiographic image in a

frame representétive of each file. For example, a
radiographic image in a frame obtained a predetermined

25 time after 'start of a radiographic operation for one
- 19_
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ing foot swtch 5 or a nonitoring foot switch 6 ar- ranged adjacent the
bed 1, the high voltage generator 4 applies a high current to the X-ray
tube 2 to irradiate the exam nee Mwith X-rays. A tel evision canera
7 is connected to the image intensifier unit 3. The X-rays having

penetrated the-

file is employed as the reference image. The above
predetérmined time corresponds, for example, to the
‘time at which a contrast material injected into the
examinee M fills a target site. This predetermined

5 time is seﬁ in advance through the control console 23,
and applied to the image processor 10 via the control-
ler 20. Based on the predetermined time, the image.
processor 10 determines a reference image within tﬁe
file, The reference image may be changed (re-regis-

10 tered) on the second menu described later. After a
change of‘files, the file containing the reference
image displafed in still condition is diéplafed cycli-
cally at thé collecting speed only when the lever 24 is

| inclined'right or left ((3) or (4) above).

15 The first menu disappears when the monitoring foot
switch 6 is depressed to display fluoroscopic iméges
fdf observationvon the fluoroscopic.image display
monitors 15 and 16. Even in this state, the operations
other than oberation (2) of the joystick 21 or 22 are

20:' accepted as valid. That is, the first menu shows the
operations of the joystick 21 or 22 by way of guidance.
However, the first menu must be displayed as above when
calling the second menu described later (operation
(2))} Further, the second menu must pé displayed when

25 the joystick 21 or 22 is operated in relation to the
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exam nee Mare converted and intensified into visible |ight by the imge
intensifier unit 3, and picked up by the television canera 7. A CCU

(canera controller) 8 is connected to the television canera 7. The CCU 8
e.g. anplifies, a signal outputted fromthe television canera

processes, _
7. An output signal of the CCU 8 is converted to a digital signal by an
A/ D (anal og-to-digi- tal) converter 9 to be supplied to an i mage processor

second menu. That is, the second menu shows jobs that
can be done using the joystick 21 or 22 (e.g. selection
of a display mode).
' The second menu called by operating the joystick.
5 21 or 22 as in operation (2) above will be described
next with reference to Fig. 5.
| As shown in Fig. 5, the second menu shows a list
of.functions set out hereunder. A bold frame is
movable from function to function on the second menu by
10 rocking the joystick 21 or 22 crosswise, and a function
marked by the bold frame may be selected by pressihg

“the button 25.
(A) "NEXT MENU" is for returning to the first:

menu.
15 {(B) "PLAY MODE" sets a reproducing mode when
YDISPLAY MCDE“ is selected. By operating the lever 24
of the joystick 21 or 22 backward or forward after
selecting-this finction, reproducing modes described
héreinbelow successively‘appear in the position 6f
20 "PLAY MODE" in Fig. 5. A desired reproducing mode may
be selected by pressing the button of the joystick 21
or 22. . | |
{a) "'FA$T FORW
The radiographic image data obtained over a

25 predetermined period of several seconds, with the
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The X-ray tube 2 and image intensifier unit 3, arranged in the opposed

rel ati onship, are novable along and around the body axis of the exam nee M
to obtain X-ray penetration inages fromvarious directions of the

exam nee M The X-ray tube 2 and inmage intensifier wunit 3 (including the
tel evision canera 7) may be noved by the operator manually or through a
controller, not -‘shown. The phot ographing foot switch 5 is an
instruction .switch for causing the X-ray penetration imges ob- tained as
above to be stored in a magnetic disk unit 11 (i.e. X-ray photography) as

descri bed | ater. The

reference image in the middle, of each file successive-
ly appear at the collecting speed, in the ascending
- order of the files with the same ID. Assume that ID =
.1 has four files SUB-ID = 1 to 4 as shown in Fig. 6,
5 for example. In this case, radiographic image data
GPlS to GPlE obtained over the predetermined period of
several seconds,_yith the reference image GRl in the
middle, of file SUé-ID = 1 are first reproduced and
displayed at the collecting speed. It is to be noted
10 that_radiographic image daté GPlE is a data obtained
after r;diographic image data GPlS' Subsequently,
'images GPZS to GP,. of file SUB4I§ = 2 are reproduced
and dispiayed at the collecting speed. Then, similar~
_ 1y, images GP3 of fi}e SUB-ID = 3 and images-GP4 of
15 file SUB~ID = 4 are reproduced and displayed succes-
sively. After radiographic image data GP4E of file
SUB-ID = 4, radiographic image data GPls to GPlE of
file”SUB-ID'= 1 are reproduced and displayed at the
céllecting speed again. The other image data appear
20 similarly in cfcles. The predetermined period of
several minutes noted above is set through the control
console 23 in advance. |

(b) "FORWARD"

All radiographic image data forming the respective

25 = files are successively displayed at the collecting

- 22 -
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monitoring foot swtch 6 is an instruction switch for causing the
f1uoroscopi c i nages being obtained to be shown on fluoroscopic inmage
display nonitors 15 and 16 (i.e. X-ray nonitoring) as described |ater.

10

speed, in the ascending order of the files with.the
same ID. In the example shown in Fig. 6, images GAls
to GAlE of file SUB-ID = 1 are first reproduced and

.displayed at the collecting speed. It is to be noted

5 that image data GAls is the first data obtained in
collecting the radiographic image data for this file
{(i.e. the radiographic image data obtained at start_of.
the.radiographic process), while da;a GAlE is the
radidgraphic image data obtained at finish of the

10 radiographic process. Subsequently, image data-GAz,

: GA3 and GA4 of files SUB-ID = 2, 3 and 4 are reproduced
and displayed. After radiographic image data GA4E of
file SUB-ID = 4, radiographic image data GAlS to GAlE
of file SUB-ID = 1 are reproduced and displayed at the

15 collecting speed again. The other image data appear
similarly in cycles.
{c) "pLAY"
'All radiographic image data constituting a single
.file are displayed cyclically at a predetermined
20 reproducing speed. In the example shown in Fig. 6,
when fiie SUB-ID = 1 is selected for reproduction,
images GA; o to GAlE are reproduced and displayed at the
reproducing speed. After image GAlE’ images GAls to

GA are reproduced and displaved at the reproducing

1E
25 speed again. The reproducing speed is selected in the

- 23 -
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The conponents referenced 1 through 8 constitute an X-ray penetrating

device of this invention.

convert

carries out filtering

such

11 is connected to the

i ng device

The A/D converter 9 corresponds to a signal

of this invention. The i mage processor 10

processes on the digital signal supplied thereto,

as for reducing noise and defining edges. The magnetic di sk unit

the X-ray penetration inages.

st or age

10

15

20

25

| mge processor 10 for recordi ng and coll ecting

This magnetic disk unit 11 corresponds to a

device of this invention.

portion G12 of the first menu. A file may be selected

for reproduction by operating the joystick 21 or 22

with reference to the portion Gl2 of the first menu, or

by "MULT" or "JUMP" function as described later.

(d) "FAST PLAY"

The radiographic image data obtained over the
predetermined period of several seconds, with the )
reference image in the middle, of a single file are
displayed cyclically at a predetermined reproducing

speed. The above predetermined period of several

seconds is set through the control console 23 in

- advance. The reproducing speed and a file to be

reproduced may be selected as for "PLAY" described

abave.

(e) "REVERSE"Y

This is the same as (b) above excepting that here

the data are reproduced in the descending order of the

files. 1In the example shown in Fig. 6, images GA4s to

GA of file SUB-ID = 4 are first reproduced and

4E
displayed at the collecting speed. Next, image data

GAyq to GA;p of file SUB-ID = 3 are reproduced at the.

38
collecting speed. Subsequently, GA, and GA; of files

SUB-ID = 2 and 1 are reproduced and displayéd.in
succession. After image data GA1 of file SUB-ID = 1,

image data GA4 of file SUB-ID = 4 are reproduced and

- 24 -
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Further, in order to reproduce and present the X-ray penetration inmages
(radi ographic image data) stored in the magnetic disk unit 11 on '
reproduced i mage display nonitors 12 and 13, a DA (digital -to-anal og)
converter 14 is connected to the inage processor 10 for converting the
radi ographic imge data in the formof digital signals to anal og signals.
The reproduced i mage display nonitor 12 corre- sponds to a reproduced

i mage di splay nmonitor of this invention installed in an exam nation room

The  reproduced i nage display nenitor 13 corresponds to a

d;splayed again.

{£) "FAST REVERSE"

This is the same as (a) above excepting that here
the data are reproduced in the descending order of the

.5 files.

(C) "ZOOM" is a process of magnifying reproducgd
radiographic image data twice. When this is selected
by operating the joystick 21 or 22, image data is
enlarged twice, around a central position of the image

10 data. As shown in Fig. 7, for example, a region
enclosed by a dotted line around a central position CP
of radiographic image'data is enlarged twice on the
reproduced image display monitors 12 and 13.

'(D)'"POSITION" is a process of shifting the

15 position gnlarged by "zZoOM" above. The center of the
enlarged image may be shifted by operating the joystick
21 or 22 to select this function and theﬁa}ocking the
lever 24 of.the joystick 21 or 22 crosswise. As shown
in Fig. 8, the enlarged region (enclosed in a dotted

20 line) may be moved up and down and-fight and left by
rocking the lever 24 of the joystick 21 or 22 crossﬁise
éftei sélégting "POSITION".

(E) YMULT" is a process of splitting the screen of
each reproduced image display monitor .12 or 13 into

25 four or 16 windows for multiple display as shown in

- 25 -
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control room reproduced inmage display nonitor of this invention installed
In a control room Qut put data (fluoroscopic inmage display data) of

t he i mage processOr 10 is inputted to an input term nal

¥igs. 94, 9B and 9C, to display reference images of a
plurélity of files. Where the same ID has four or less
files, the screen is split into four windows as shown
in Fig. 9a. Where the same ID has five or more files,
5 the screen is split into 16 windows as shown in Figs.

9B and 9C. Where the same ID has 17 or more files, a
multiscreen mode is employed, with each screen splig
into 16 windows to display the reference images in the
ascending order of tﬁe files as shown in Fig. 9c. 1In

10 Figs. 9A, 9B and 9C, references GRI—GR17 denote refer-
ence images of files SUB-ID = 1 to 17.

" When this fuﬁétion is selected, the second menu
displayed on the fluoroscopic image display monitors 15
and 16 is switched to a selector menu of the "MULT"

15 function as shown in Fig. 10.

When the menu shown in Fig. 10 is displayed, a
-bqid frame is moved from function to functicn by
rocking the lever 24 of the joystick 21 or 22 backward
or forward. A function marked by the bold frame may be

20 selected by pushing the button 25.

(a) "EXIT" is a process of closing this menu and
returning to the second menu. Upon selection of
YEXIT", the selection of "MULT" is canceled.

(b) "SELECT" is a process of selectin§ a file by

25 means of the reference images in the multi-window
- 26 -
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"a" of a switch 19. The switch 19 has another input termnal "b" for

recei ving output data (nmenu display data) froma GC (graphic controller)
18- for -generating menu representations described |ater. The switch
19 has an output termnal connected to a D/A converter 17. The digital
data received through a selected one of the input termnals "a" and "b"
S converted to an anal og signal by the DA converter 17 to be

di spl ayed on the fluoroscopic imge display nonitors 15 and 16. The
switch 19 is operable by a controller 20 to select the input termnal "a"

or "b",
display on the reproduced image display monitors 12 and
13. When "SELECT" is selected, a bold selector frame
appears on one of the reference images displayed on the
reproduced image display monitors 12 and 13 as shown in
5 Figs. 11A and 11B. When, in this state, the lever 14
of the joystick 21 or 22 is rocked crosswise, the bold
frame is shifted from image to image. By pressing the
button 25, the file containing the reference image
marked by the bold frame may be selected. The file
10 selected is reproduced and displayed on the reproduced
image display monitors 12 and 13.
Where there are 17 or more files and the reference
.images are displayed in the multiscreen mode, the bold
frame‘may be moved to the bottom row of images GR13 to
15 GR16 as shown in Fig. 11C. 1In this state, the joystick
21 or 22 may be rocked further backward. This opera-
tion causes a next screen including the reference
images of the 17th and subsequent files as shown in
.Fig. 11D to appear on the reproduced image display
20 monitors 12 and 13. Similarly, a preﬁious Screen may
be displayed by shifting the bold frame to the top row
of images and rocking the joystick 21 or 22 forward.
{c) "DELETE" is a‘process of deleting files by
means of the reference images in the multi-window

25 display on the reproduced image display monitorshlz and
- 27 -
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dependi ng on whet her the operator depresses the noni- toring foot switch
‘6 or not. That is, when the operator depresses the nonitor- ing foot
switch 6, the DA converter 17 is connected to the input termnal "a", and
thus to the imge processor 10. As a result, the fluoroscopic imges
currently ‘obtained fromthe exani nee Mare shown on the fluoro- scopic

I mge display nonitors 15 and 16. On the other hand, when the operator

rel eases the nonitoring foot switch 6, the D/A converter 17 is connected
to the input termnal "b", and thus to the GC 18, mhereby the nenus are

shown on the fluoroscopic image display -
13. To carry out the "DELETE" function, a bold frame
is moved and a reference image is selected as’'in
"SELECT". The file contaiﬁing the selected reference
image is deleted from the magnet;c disk unit 11.

5 In "DELETE" also, as in "SELECT" above, screen
switching may be effected on the reproduced image
display monitors 12 and 13.

(F) "JUMP" is a process of selecting a file
directly by means of the SUB-ID affixed thereto. When

10 this function is selected by operating the joystick 21
or 22, the first menu is displayed on the fluoroscopic
image display monitors 15 and 16. The bold frame is
shifted by rocking the joystick 21 or 22 backward or
forward, and a file indicated by the bold frame is

15 selected by pushing the button 25.

During operation (5) on the first menu, i.e.
rocking the joystick 21 or 22 backward or forward and
pushing the button 25 to select a file, each time the
bold frame is shifted to a different file, the refer-

20 ence image of this file is displayed in still condition
on the .reproduced image display monitors 12 and 13. 1In

_ the "JUMP" process, on the other hand, the image
displayed on the reproduced image display monitors 12
and 13 is not changed with a shift of the bold frame to

25 a different file. Only when the button 25 is pressed

- 28 -~
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nmoni tors 15 and 16. _ _ _ _
*The GC 18 corresponds to a menu generating/ di spl ayi ng device of this

i nventi on. The switch 19

to select the file, a change is made to the image of
the'selected file. Thus, a file selecting operation by
"JUﬁP" is faster than the above operation (5}.
(G) "REF. DISP" is a process of displaying a
5 reference image. When this process is selected by
operating the joystick 21 or 22, the reference image of
the file currently reprodqced is displayed. )
(H) "REF. REG" is a process of re-registering a
reference.image. When this process is selected by
10 operating the joystick 21 or 22, an image currently
displayed.is registered as the reference image of the
file.
(I) "MAP" is a process of calling a load map mode.
Load map.is a process of displaying currently obtained
15 fluoroscopic images and reproduced radiographic image
data in superimposition. When "MAPY is.selected by
operating the joystick 21 or 22, the image processor 10
~causes the feproduced image display monitors 12 and 13
to display currently reproduced radiographic image data
20 © as superimposed on fluoroscopic images successively
supplied to the image processor 10.
(J) "PROCESS" is a process of setting a magnifica-
tion ratio, measuring a distance, and measuring a rate

of stricture.

.25 When this process is selected, the second menu

- 29 -
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corresponds to a display switching device of this i nvention. The

fl uoroscopi c i mage di splay nonitor 15 corresponds to a fluoroscopic inage
di spl ay nonitor of this invention installed in the exam nation room The
fl uoroscopic image display nonitor 16 corresponds to a control room nenu
di splay nonitor of this invention installed in the control room

Nuneral 21 denotes a joystick with a pushbutton which, as shown in Fig.

2A, is disposed on one side of the bed 1 for use by the operator. Nuneral

22 denotes . a joystick with a pushbutton which, as shown in Fig.

displayed on the fluoroscopic image display monitors 15
and 16 is replaced by a selector menu of "PROCESS" as
shown in Fig. 12.
When the menu shown in Fig. 12 is displayed, a
5 bold fraﬁe is moved from function to function by
roéking the lever 24 of the joystick 21 or 22 cross-
-wiée. A function marked by the bold frame may be )
selected by pushing the button 25.
(a) "EXIT" is a érocess of closing this menu and
10 returning to the second menu. Upon selection of
YEXIT", the selection of "PROCESS" is canceled.

(b) """ and "> " are used in.the "CALIBRATION"
process, which represent functions to select an actual
size of a catheter inserted into the examinee M. When

15 this function is selected, a change is made in the
aétual size of the catheter appearing in a catheter
size display KJ at the righthand side of each repro-
duced image display monitor 12 or 13 as shown in Figs.
7 and 8. The value currently displayed indicates a

20 selected size of the catheter.

(c) "CALIBRATION" is a process of determining a
ratio of one pixel to the actual size of the catheter
based on the actﬁal size selected in operation (b)
above and a size of the catheter displayed on the

25 reproduced image display monitors 12 and 13. When this
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2B, is attached to a control console 23 for use by an engineer. Each of
these joysticks 21 and 22 includes a |ever 24 rockable crosswi se and a
button 25 depressable to select radiographic inmage data as descri bed

| at er. The joystick 21 used by the operator corresponds to a

sel ecting and instructing device of this invention installed in the

exam nation room The joystick 22 wused by the engineer corresponds to a
control room selecting and instructing device of this invention installed
in the control room The joystick 21 in particular nay be used with a
sterilized cover placed thereon for the sake of

process is selected, a cross cursor CR as shown in Fig.
13A appears on the screens. This cursor is moved by
rocking the lever 24 of the joystick 21 or 22 cross-
wise, and specific points are designated by pressing
5 the_button 25. Two specific points SPl and SP2 {at
" opposite sides of the catheter), as shown in Fig. 13B,
are-designated by rocking the lever 24 and pressing éhe
button 25 of the joystick 21 or 22. The actual size of
the catheter is divided by the number of pixels present
10 between the specific points SP1 and SP2 to determine
the size of one pixel of the screen in relation to the
actual size of the catheter. Figs. 13A and 13B are
views each showing, as enlarged, a catheter portion of
the image displayed on the reproduced image display
15 monitors 12 and 13. -

(d) "DISTANCE" is for measuring the thickness of
blood vessels, for ekample, based on the above magnifi-
cation ratio; When this function is selected, a cursor
appears on the screen to enable selection of two

20 distance measuring points as in the point designation
for "CALIBRATION" described above. The number of |
pixels between the two designated points is multiplied
by the ratio of one pixel to the actual size determined
in “CALIBRATION" above, to obtain an actual distance

25 between the two designated points. Assume, for
..31..
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13 sanitation. However, such a sterilized cover is not obstructive to
the selecting and instructing operation since the joystick 21 is operable

sinply by rocking the

example, that there are 10 pixels between the two
designated points and that one pixel corresponds to
2.3mm in actual size, the distance between the two
designated points is 23mm in actual size. The result
5 of measurement is displayed in a predetermined |

righthand position KS on each reproduced image display

monitor 12 or 13.-
(e) "STENOSIS" is for measuring a rate of stenosis
in a constricted blood vessel. When this function is.
10 selected, a cursor appears on the screen. As in the
point designation for "CALIBRATION" described above,
the cursor is used to designate, as shown in Fig. 14,
two points SPN1 and SPN2 at opposite sides of a normal
portion of a blood vessel, and two points SPS1 and SPS2
15 at opposite sides of a constricted portion of the blood
vessel. Fig. 14'is an enlarged view of a blood vessel
portion of the image displayed on the reproduced image
d;splay monitors 12 and 13. A stenosis rate of the
constricted portion of the blood vessel may be derived
20 from the number of pixels between points SPSl and SPs2
and the number of pixe;s between points SPNl and SPNZ'
The stenosis rate is shown in percentage, with 100%
_representing complete clogging of the blood wvessel.
The result of this computation is displayed in a

25 predetermined righthand position KR on each reproduced
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| ever 24 crosswi se and pressing the button 25. The control console
23 is used to set control data and the like to the controller 20 as
described | ater: The control console 23 is used by the engineer.

The entire apparatus is operable under control of the controller 20. For
exanple, the controller 20 I nstructs the image processor 10 to reproduce
r adi o- graphic image data in response to operation of the switch 19
based on a state of the nonitoring foot switch 6 as descri bed above (the
state of the nonitor- ing foot switch 6 being transmtted through the

hi gh vol tage generator 4) or operation of the joystick 21 or

image display mbnitor 12 or 13. This position KR also
displays distances between points SPS1 and SPs2 and
between points SPNl and SPN2 (with "N" representing the
distance between points SPS1 and SPS2 and "S" between

5 points SPN1 and SPNz) which are determined in the same
way as for "DISTANCE" above.

(K) "ID " and " [>ID" are a process of changing
the IDs. Whenever this process is selected, the IDs
are changed and the radiographic image data of a

.10 selected ID are displayed on the reproduced image
display monitors 12 and 13.

The contents of the menus displayed on the fluoro-
scopic image display monitors 15 and 16 are not limited
to the first and second menus described above. The

15 menus may include other processeé or functions.

The joysticks 21 and 22 are independently operable
to effect the various operations (such as the opera-
tions on the first menu and those on the second menu) ,
i:e. by the operator énd the engineer independently of

20 each other.

Where an integration of such operations is de-
sired, a switching function may be provided to .enable
only one of the joysticks 21 and 22. As shown in Fig.
15, for example, the control console 23 may include a

25 changeover switch 40. When the changeover switch 40 is
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22. The controller 20, inmage processor 10 and GC 18 I ncl ude, for exanple,

a CPU (central processing unit), a CPU nenory and an external storage
(such as a hard disk or a flexible disk). The external storage stores
processi ng sequences (prograns) executed by the respec- tive conponents.

Upon start of the apparatus, these prograns are | oaded into the CPU
menory for execution by the CPU. The controller 20 corresponds to a
control device of this invention. In Fig. 1, reference KS denotes

t he exam nati on

set to "K", the controller 20 accepts operations only
from the joystick 21 installed in the examination room
KS. When the changeover switch 40 is set to "S", the
controller 20 accepts instructions only from the
5 joystick 22 installed in the control room SS.
An ofder of priority may be given to the_joysticks
21 and 22 in case the operations thereof overlap. As
shown in Fig. 15, for example, the control console 23
may include a changeover switch 40. When the opera-
10 tions of the joysticks 21 and 22 overlap, the control-
ler 20 may accept instructions only from the joystick
21 or 22 to which priority is given. When, for exam-
ple, the ch;ngeover switch 40 is set to "K", priority
is given to the joystick 21 installed in the examina-
15 tion room KS. When the changeover switch 40 is set to
"s", priority is given to the joysticg 22 installed in
.the control room SS.
The controls based on the enable switching or the
ofder,of priority of these joysticks 21 and 22 may be
20 employed likewise in the other embodiments described
later.
In this and other embodiments, the control room SS
also includes the joystick 22, reproduced image display
monitor 13 and fluoroscopic image display monitor 16 to

25 allow the engineer as well as the operatdr to carry out

- 34 -
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14 room where the operator works, and the conponents bounded by
‘reference KS are arranged in the exam nation room Reference SS denotes
the control room where the engi neer wor ks, and the conponents bounded by

ref erence KS are arranged in the control room

the radiographic image data selecting and other opera-
tions.

However, it is adequate if at least the operator
can effect the radiographic image data selecting and

5 other operations in the examination room KS during an
IVR procedure. Thus, the joystick 22, reproduced image
display monitor 13 and fluoroscopic image display )
monitor 16 in the control room SS are dispensable.

Operations for observing fluoroscopic images will

10 be described next.

When the operator adjusts an angular relationship
between the examinee M and the X-ray tube 2 and de-
presses the monitoring foot switch 6 to ‘observe X-ray
pictures, the X-ray tube 2 emits X-rays. The X-rays

15 having penetrated the examinee M are transmitted
through the image intensifier unit 3, television camera
7, CCU 8 and A/D converter 9 to the image processor 10.
Since the monitoring foot switéh 6 is depressed at this
time, the input terminal "a" of the switch 18 is

20 selected. Consegquently, fluoroscopic images are
tramsmitted from the image processor 10 through the A/D
converter 17 to the fluoroséopic.image display monitors
15 and 16 to be displayed thereon. The menus from the

GC 18 are not displayed at this time, as noted

25 hereinbefore.
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Operations of the apparatus having the above construction wll be

descri bed herei nafter.

described first. '
of the exam nee Mis set through the control console 23 or the like,

I nputted to the controller 20. Next, the operator adjusts an angul ar

rel ati onshi p between the exam nee Mand the X-ray tube 2 and i nmage

Qperations for X-ray photography w |

be

In X-ray photography, an ID (identification code)

and

intensi- fier unit 3. Information relating to the angular relationship,

€.g.

"RAO 30[err]

10

15

20

25

(the X-ray tube 2 being

Operations carried out by the operator (or engi-
neer) during an IVR procedure will be described next.

In the IVR procedure, the operator operates the
joystick 21 (or the engineer operates tﬁe joystick 22)

to select desired radiographic image data. Then, the

operator steps on the monitoring foot switch 6 to cause -

fluoroscopic images of the examinee M to be displayed
on the fluoroscopic image display monitor.15 (16). The
operator conducts the IVR procedure while referring
also to the radiographic image data reproduced on the
reproduced image display monitor 12 (13}). Changes of
the radiographié image data (files) and reproducing
speeds may be effected af this time through the joy-
stick 21 (22). It is also possible to release the
monitoring foot switch 6 once, as necessary, to switch
the fluoroscopic image display monitor 15 (16) to a
menu screen and select a desired process from the
second menu, e.g. display the raﬁiographic image data
in enlérgement.

In the examination room, the reproduced image
display monitor 12 and fluoroscopic image display
monitor 15 should desirably be arranged adjacent each
other. With these monitofs 12 and 15 arranged adjacent
each other, the operator may operate the joystick 21

without looking away from the monitors. This provides

"



inclined 30[err] rightward with respect to the body axis of examnee M"
or."LAO 30 (the X-ray tube 2 being inclined 30 leftward with respect to
the body axis of exanmnee M", is set through the control console 3 and

i nputted to the controller 20. Alternatively, such information relating to
the angul ar relationship may be transmtted to the controller 20 froma
control unit of an X-ray tube and image intensifier holding device not
shown. The ID and the information relating to the

improved operating efficiency.

In the above and subsequent embodiments, the
joysticks 21 and 22 are used as the selecting and
instructing device. As shown in Fig. 16, for example,

5 a trackball 30 and a pushbutton 31 may constitute a
unit to act as a selecting and instructing device 32.
In this case, the trackball 30 provides a replacemegt
for the crosswise rocking of the lever 24 of the
joystick 21 or 22,. while the pushbutton 31 provides a
10 replacement for the operation of the button 25 of the
joystick 21 or 22.

Iﬁ the foregoing embodiment, the switching between
fluoroscopic images and menus on the fluoroscopic image
display monitors 15 and 16 is effected through the

15 switch 19 based on whether the monitoring foot switch 6
is depressed or not. For example, switching may be
made to sqperimpose the menus on the fluoroscopic
images displayed. -

This aspect will be described with reference to

20 Fig. 17. Fig. 17 shows a modified portion of the
apparatus shown in Fig. 1. The components omitted fEPm
Fig. 17 are the same as in Fig. 1. 1In the illustrated
modification, display changeover switches 50 are

disposed, for gxample, adjacent the joystick 21 in the

25 examination room KS, and on the control.console 23 in

- 37-
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15° angul ar relationship inputted to the controller 20 are applied to
the i mage processor 10. Then, the operator steps on the

phot ographing foot switch 5 to cause the X-ray tube 2 to irradiate the
~examnee Mwith X-rays. The X-rays having penetrated the exam nee Mare

transmtted through the inmage

the control room SS, respectively. These display

changeover switches 50 are operable for switching be~

tween ordinary display and superimpose display. Each

display changeover switch 50 is in the form of a push-
5 button switch. With each depression of this button,

switching is made between ordinary display and super-

impose display.
The output data (fluoroscopic images) of the image
processor 10 are inputted to an input terminal "a" of a
10 switch 51, while the menu display data generated by the
GC 18 are inputted to an input terminal "b" thereof.
Further; an input terminal "c" receives display data,
generated by the superimpose displaying unit 52, of
screens showing a menu superimposed on fluoroscopic
15 images (see Fig. 18).
The controller 20 operates the switch 51 in
response to a state of the display changeover switch 50
apd a state.of the monitoring foot switch 6.
That is, when the display changeover switch 50 is
-20 in a state for ordinary display, the input terminal "a"
or "b" of the switch 50 is selected according to a
state of the monitoring foot switch 6 as in the forego-
ing embodiment. At this time, either the fluoroscopic
images or the menus are displayed on the fluoroscopic

25 - image display monitors 15 and 16, depending on the

- 38 -
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intensifier unit 3, television canera 7, CCU 8 and A/ D converter 9 to be

supplied in digitalized formto the imge processor 10. The i mge

_processor 10 wites the radiographic inage data into the magnetic disk
unit 11, and at the sane tine transmts the data through the D A

converter 14 to the reproduced image display nonitors 12 and 13 for

di spl ay. Wil e the photographing foot switch 5 is de- pressed, the
radi ographi c i mage data are successively stored (collected) in the
magnetic disk unit 11 and displayed on the reproduced i mage display
nonitors 12 and 13 at a predeterm ned speed. Were, for exanple,

state of the.monitoring foot switch 6.

When the display changeover switch 50 is in a
state for superimpose display, the input terminal "c"
of the switch 50 is selected regardless of a state of

‘5 the monitoring foot switch 6. Then, the fluoroscopic
images and menus are displayed in superimposition on
the fluoroscopic imége display monitors 15 and 16. -
Since the menus are displayed at this time, the opera-
tions of the joystick 21 or 22 according to the menus

10 are accepted as valid.

With this construction, the operator may select
processes according to the menus during the IVR proce-
‘dure, by operating the joystick 21, while observing the
fluoroscopic imaées displayed.

15 In the above construcfion, one of the display
changeover switches 50 is provided on the control
console 23. However, this display changeover switch 50
may be omitted from the control console 23 since only
the operator may effect the switching operations during

20 the IVR procedure.

The above display changeover switches 50 corre-
spond to a display switching.instructing device of this
invention. The superimpose displaying unit 52 corre-

sponds to a superimposing device of this invention.

- 39 ‘-
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the television canera 7 has 525 scan lines in the vertical direction and
‘the i mage processor 10 converts theminto 512 x 512 pixels, the

radi ographic image data are collected in the magnetic disk unit 11 and
dis- played on the reproduced image display nonitors 12 and 13 at the
rate of 60 franmes per second (60 franes of radi ographi c i mage data in one

second). \Were the

Second Embodiment

Fig. 19 is a block diagram showing an outline of a
digital radiographic apparatus in a second embodiment
of this invention. In Fig. 19, like references are

5 used to identify like parts in Fig. 1 which are the

same as in the first embodiment and will not particu-

larly be described again.
The sécond embodiment includes a superimpose
displaying unit 52 (superimposing device) in place of

10 the switch 19 (display switching device) in the first
embodiment. Thus, the fluorosgopic image display
monitors 15 and 16 display the ﬁenus generated by the
GC 18 as superimposed on currently obtained fluoroscop-
ic images (see Fig. 18). '

15 With this construction, the first or second menu
generated by the GC 18 is constantly displayed on the
fluoroscopic image display monitors 15 and 16 as
superimposea on the fluoroscopic images throughout the
IVR procedure. Conseguently, the operator may, at any

" 20 time during the IVR procedure, select radiogréphic
i@age data and display modes by cperating the joystick
21, while fluoroscopic images are displayed on the
fluoroscopic image display monitor 15. The engineer
may also select radiographic iﬁage data and display _

25 modes at any time by operating the joystick 22

_40'_.
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16 tel evision canera 7 has 1,024 scan lines in the verti - cal
direction and the i mage processor 10 converts them into 1,024 x 1,024

pi xel s, the radi ographic image data are stored and displayed at the rate
of 30 frames per second. The speed at which the radiographic i nage data
are collected is referred to as a collecting speed, whi ch i s dependent on
t he nunber of scan lines of the tel evision canera 7 and the nunber of

pi xel matrices

according to the menus displayed on the fluoroscopic

image display monitor 16.

The GC 18 in this embodiment corresponds to the
menu generating means in claim 2.

5 Third Embodiment

Fig. 20 is a block diagram showing an outline of é
digital X-ray radioéraphic apparatus in a third emboai—
ment of this invention. 1In Fig. 20, like references
are used to identify like parts in Fig. 1 which are the

10 same as in the first embodiment and will not particu-
larly be described again. '

The third émbodiment dispenses with the switch 19
(display switching device) in the first embodiment, and
Iincludes menu display monitors 60 and 61 besides the

15 fluoroscopic image display monitors 15 and 16. The
menus generated by the GC 18 are transmitted through a
D/A converter 62 to the menu display monitors 60 and 61
to be displéyed thereon. The menu display monitor 60
ié installed in the examination room, and the menu

20 display monitor 61 in the control room. 1In this
embodiment, the menu display mqniﬁor 60 corresponds to

" a menu display monitor of this invention installed in

the examination room, and the menu display menitor 61
to a control room menu display monitor of this inven-

25 tion installed in the control room.
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converted by the inage processor 10. The magnetic disk unit 11 stores
radi ographic inmage data collected in one operation (i.e. collected over a
period of tinme fromdepression to rel ease of the photographing foot switch
5) as one file. In angiographic photography, for exanple, the magnetic
disk unit 11 stores, as one file, nunerous franmes of radiographic inmage
data showi ng a process of a contrast material introduced into the exam nee
Mgradually filling blood vessels. Each file includes an identifi- cation

nunber (SUB-1D) and information relating to an

wWwith this construction, the first or second menu
generated by the GC 18 is displayed on the menu display
monitors 60 and 61 during the IVR procedure. Conse-
quently, the operator may, during the IVR procedure,

5 select radiographic image data and display modes by
referring to the menu displayed on the menu display
monitor 60 and operating the joystick 21.

In the examination room, the menu display monitor
60 should desirably be disposed adjacen£ the reproduced

10 image display monitor 12 and fluoroscopic image display
monitor 15. With thése monitors 12, 15 and 60 arranged
adjacent one another, the operator may operate the
joystick 21 without iooking away from the monitors.
This provides improved operating efficiency.

15 The menu display monitor 61 in the control room is
dispensable, as are the reproduced image display
monitor 13 éhd fluoroscopic image display monitor 16.

=~ .In each of the embodiments described hereinbefore,
the same construction is employed for displaying the

20 menus in the control room as for displaying the menus
in the examination room. Howeve;, such construction
may be differentiated for each room.

In the third embodiment, for example, the repro-
duced image display monitor 13 and fluorosccpic image

25 display monitor 16 may be installed in the control
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angul ar rel ationship at a photographing tine (such as "RA0300[err])
applied fromthe i mage processor 10. Such files are grouped under each

I D. Thus, as shown in Fig. 3, a plurality of files F stored in the
magnetic disk unit 11 are classified according-to IDs (examnes M, each

file containing radiographic i nage data

room. In this case, the fluoroscopic image display
monitor 16 may be used to display the menus superim-
posed on the fluoroscopic images.
The present invention may be embodied in other

5 specific forms without departing from the spirit or
essential attributes thereof and, accordingly,;réfe;:
ence shquld be made to the appended claims, rather than
to the foregoing specification, as indicating the scope

of the invention.
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17 obt ai ned by varying the angle of the X-ray tube 2 and the |ike.

When t he photographing foot switch 5 is rel eased, I.e. when a
phot ographi ¢ operation for one file is conpleted, the controller 20
causes the radiographic i mge data just collected in a file to be

di spl ayed on t he reproduced i mage display nonitors 12 -and 13 cycl--
cally at the collecting speed. A reprodUC|ng nnde may be selected froma
This Sheet Has Been Rep laced

second menu descrlbed | ater, to - IIIIIIII "I" I"

What is claimed is:

1. A digital X-ray radiographic apparatus for digital-
izing and collecting X-ray penetration images of an
examinee, and reproducing the X-ray penetratiqn images
collected, said apparatus comprising: |

S X-ray penetrating means for obtaining the X-ray
penetration images from the examinee; |

signal converting means for digitalizing the X-ray

pene?Fation images received from said X-ray penetrating
means;

10 storage means for storing the X-fay penetration
images digitalized by said signal converting means;

a reproduced image display monitor installed in an
examination room along with said X-ray penetrating
means, for reproducing and displaying the X-ray pene-

15 tration images (hereinafter refer:éd to as "radiograph-
ic image déta"] digitalized and stored in said storage
means;

a fluoroscopic image display monitor installed in
said examination room for displaying fluoroscopic

20 images being pickednup by said X-ray penetrating means;

menu generating/displaying means for generating a

menu including at least a function to select radio-

graphic image data to be reproduced and displayed on
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qyéfically di spl ay these radi ographic i mage data and ot her data
previously collected and stored in a plu- rality of files. The
reproduci ng speed may be vari ed by operating the joySchk—21~0%~22 as ...

described | ater. During the above process, the nony Egﬁl
switch 6 remains out of operation, and therefore the in of
the switch 18 is selected. Consequently, a first nenu,

ay

gener- ated by the GC 18 .iLs di spl ayed on.the quoroscop
nmonitors 15 and 16. This screen shows nmainly information regardlng
reproduci ng conditions of the radiographic inmage data currently dlsplayed

(repro-
radiographic image data to be reproduced and displayed
on said reproduced image display mbnitor, and causing
said

25 menu to be displayed on said fluoroscopic image display
monitor;

selecting_and instructing means installed in said
examination room for selecting and instructing func-
tions shown on said menu;

30 display switching means for switching said fluoro-
scopic image display monitor between a state for
displaying said fluoroscopic images being picked up by
said X~ray penetrating means and a state for displaying
said menu generated by said menu generating/displaying

35 means; and

control means responsive to instructions received
from said selecting and instructing means for causing
the radiographic image data to be reproduced and-

displayed on said reproduced image display monitor.

2. A digital X-ray radiographic apparatus for digital-
izing and collecting X-réy penetration images of an
examinee, and reproducing the X-ray penetration images
collected, said apparatus comprising:

5 X-ray penetrating means for obtaining the X-ray

penetration images from the examinee;
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duééd) on the reproduced i mage display nonitors 12 and 13. A portion Gl1
of the screen shows a list of files already photographed -(-nel udi ng -t-he-

file just photo- graphed) of the exam nee M (the sane IJhE)sheetvglafsgee%rl]{elilaced

o [N

signal converting means for digitalizing the X-ray
penetration images received from said X-ray penetrating
means;

10 storage means for storing the X-ray penetration
images digitalized by said signal converting means;

a reproduced image display monitor installed in an
éxamination room along with said X-ray penetrating )
means, for reproducing and displaying the X-ray pene-

15 tration images (hereinafter referred to as "radiograph-
ic image data") digitalized and stored in said storage
means;

a fluoroscopic image display monitor installed in
said examination room for displaying fluoroscopic

20 images being picked up by said X-ray penetrating means;

menu generating means for generating a menu
including at least a function to select radiographic
image data to be reproduced and displaved on said
;eproduced'image display monitor;

-25 superimposing means for causing said menu to be
displayed on said fluoroscopic image display monitor in
superimposition on said fluoroscopic images being
picked up by said X-ray penetrating means;

_ selecting and instructing means installed in said

30 éxamination room for selecting and instructing func-

tions shown on said menu; and
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indication (in a bold frame in Fig. 4) of the file currently reproduced
on the reproduced i mage displ ay nonitors 12 and 13. A-poertion Gﬁz—shoms a

r epr oduci ng speed currently selected, with a nuneral |nd|cated b
poi nter representing the current reproducing speed. W‘E

zero reproducing speed, i.e. a still condition for sho

pictures. The plus nuner- al s show nunbers of franes a

second for reproduction. When the data are reproduced at the col | ecting
speed, for exanple, the p0|nter i ndi cat es "60 (60 frames per second)".

The m nus nuneral s show

control means responsive to instructions received
from said- selecting and .instructing means for causing
the radiographic image data to be reproduced and

35 displayed on said reproduced image display monitor.

3. A digital X-ray radiographic apparatus for digitél-
izing and collecting X-ray penetration images of an’
examinee; and reproducing the X-ray penetration images
collected, said apparatus comprising:

5 X-ray penetrating means fof obtaining the X-ray
penetration images from the examinee;

signal converting means for digitalizing the X-ray
penetration images received from said X-ray penetrating
means;

10 storage means for storing the X-ray penetratibh
images digitalized by said signal converting means;

a reproduced image display monitor installed in an
examination room along with said X-ray penetrating
ﬁeans, for reproducing and displaying the X-ray pene-

15 tration images (hereinafter referred to as "radiograph- -
ic image data")} digitalized and stored in said storage
means; .

a fluoroscopic image display monitor installed in

said examination room for displaying fluoroscopic

20 images being picked.up by said X-ray penetrating means;
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nunbers of frames moved backward in one second for reproduction. The
state of displaying the first nmenu Is called herein "D.SPLAY-MXDE".. -~ --

In this state, the joysticks 21 and 22 are opera- ble to produce the

fol l owi ng effects: (1) Wien the button 25 is pressBi & i C
reproduction (at a reproducing speed other than "0"), "th “ [
speed is set to "0" to establish the still condition. e

button 25 is pressed in the still condition, the.screen is switched to a-
second nenu ' -

a menu display monitor installed in said examina-
tion room;

menu generating/displayihg means for generating a
menu including at least a function to select radio-

25 graphic image data to be reproduced and displayed on
said reproduced image display monitor, and causing said
ménﬁ to be displayed on said menu display monitor; )

selecting and instructing means installed in said
examination room for selecting and instructing func-

30 tions shown on said menu; and

control means responsive to instructions received
from said selecting and instructing means for causing
the radiographic image data to be reproduced and

displayed on said reproduced image display monitor.

4. A digital X-ray radiographic apparatuslas defined
in claim 1, further comprising:
superimposing means for causing said menu to be

aisplayed on said fluoroscopic image display monitor in
5 superimposition on said fluoroscopic images being

picked up by said X-ray penetrating means; and

i display switching instructing means for instruct-

ing said superimposing.meané, when one of the fluoro-

scopic images picked up by said X-ray penetrafing means
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Qle‘s'}:ri bed later, unless the nonitoring foot switch 6 is depressed (i.e.

onl é when the first menu i s displayed). (3) When,—imthe still
condition, the |ever S Replaced
i nclined Ieftward and reI eased at once, the radi ograph- Sheetiliilmmll -

10 and said menu generated by said menu generat-
ing/displaying means is displayed on said fluoroscopic
image display monitor, to switéh to a state for dis-
playing said menu in superimposition on said fluoro-
scopic images;

15 characterized in that said display switching means
has a function responsive to instructions from said’
display switching instructing means to switch said
fluoroscopig image display monitor to a state for
displaying said menu iﬁ superimposition on said fluoro-

20 SCOplC images under control of said superimposing

me ans .

5. A digital X-ray radiographic apparatus as defined

in any one of claims 1 to 3, characterized in that said

selecting and instructing means is a joystick having a

pushbutton.

6. A digital X-ray radiographic apparatus as defined
in any one of claims 1 to 3, characterized in that:
said menu genefated includes, besides the function
to select radiographic image data to Bé reproduced and
5 displa&ed on said reproduced imége display monitor, a

function to select a display mcde for displayihg said

AR
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chinage data in a preceding frane is displayed. Wen
24 is inclined right- ward and rel eased at once, the

_(4)_

‘condition, the lever el ease
radi ographic image data in a succeeding frame is displayed.

Wien the lever 24 is maintained in a leftward inclined prsiShéePRas BediER
reproduci ng speed is shifted fromright to left in the po

first - menu. A reproducing speed indicated by the pointer ﬂ
When the lever 24 is nmaintained in a rightward inclined po

in the still

elmx

reproducing speed is shifted fromleft to right in the portion 612 of the

10

15

10

radiographic image data on said reproduced image
display mbnitor; |

said éelecting and instructing means is operable
to select and instruct the functions shown on said
menu; and

said control means is operable to cause the
radiographic image data to be reproduced and displaied
on said reproduced image display monitor iﬁ response to

the functions selected by said selecting and instruct-

ing means.

7. A digital X-ray radiographic apparatus as defined
in any one of claims 1 to 3, further comprising:

a cogtrol room reproduced image'display monitor
installed in a control room provided separately‘from
said examination room, for reproducing and displaying
the X-ray penetration images stored in said storage
means;

a control room menu display monitor installed in
said control room for displaying said menu; and

control room selecting and‘instructing means
installed in said control room for selecting and
instructing functions shown on said menu displayed on
said control room menu display monitor;

characterized in that said control means is
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first menu. Agai n, a reproduci ng speed indicated by the pointer may be

sel ect ed. (5)

backward or forward
Is shifted vertica

i n
frame may be displayed in still condition on the reproduced i &u ﬂﬂl
The reference inmage is a radiograph

-monitors 12 and 13.
frame representativ
frame obtained a pr

15

20

By rocking the | ever 24 backward or forward, different
files may be selected for reproduction. Wen the |ever 24 is rocked: —- -

|ly. Areference image of a file marked b

the bold frame in the portion GL1 of the first nmenu

Replaced

il

e of each file. For exanple, a radiographic inage in a

edet er m ned

operable to cause the radiographic image data to be
reproduced and displayed on said reproduced image
display monitor and said coﬁtrol_room reproduced image
display monitor in response to instructions received
from one of said selecting and ihstructing means and

said control room selecting and instructing means.

8. A digital X-ray radiographic apparatus as defined
in claim 7, further comprising priority setting means
for setting an order of priority for said selecting and
instructing means installed in said examination room

and said control room selecting and instructing means

. installed in said control room, characterized in that

10

15

said control means is operable to cause the radiograph-
ic image data to be reproduced and displayed on said
reproduced image display monitor and said control room
reproduced image display monitor in response to in-
structions received from one of said selecting and
instructing means and said control room selecting and
instructing means, whichever is given priority by said
priority setting means, when sai&_selecting and in-
structing means and said control.room_selecting and

instructing means transmit overlapping instructions.
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tine after start of a radi ogr aphi ¢ operation for one
20 file is enployed as the reference i nage. The above pr edet er m ned

time.corresponds, for exanple, to the

9. A digital X-ray radiographic apparatus as defined
in claim 7, further comprising validity selecting means
for selecting, as wvalid, instructions from only one of
said selecting and insﬁructing means installed in said
5 examination room and said control room selecting and
instructing means installed in said control room,
characterized in that séid control means is operable to
cause the radiographic image data to be reproduced and
displayed on said reproduced image display moniﬁor and
10 said control room reproduced image display monitor in
response to the instructions received from one of said
selecting and instructing means and said control room
selecting and instructing means, whichever is selected

as valid by said validity selecting meauns.

This Sheet Has Been Replaced
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ti me at which a contrast material I njected into the exam nee Mfills a
target site. This predeterm ned time is set in advance through the
control console 23, and applied to the image processor 10 via the

control - | er 20. Based on the predeterm ned tinme, the inage processor
10 deternmines a reference image within the file. The reference i nmage may
be changed (re-regis-. tered) on the second menu described later. After a
change of files, the file containing the reference i mage displayed in
still condition is displayed cycli - cally at the collecting speed only
when the lever 24 is inclined right or left ((3) or (4) above).

ABSTRACT OF THE DISCLOSURE

X-ray penetration images picked up by an X-ray
penetrating device are supplied to an image processor,
and stored in a magnetic disk unit as radiographic

S image data. The radiographic image data are reproduced

on a reproduced image display monitor installed in an
examination room. The examination room further in-"
cludes a fluoroscopic image display monitor for selec-
tively displaying the fluoroscopic images and menus.

10 The menus include functions to select radiographic
image data for reproduction on the réproduced image
display monitor and to select a.display mode. The
functions shown on the menus may be selected and
instructed by operating a joystick. During a procedure

15 of interventional radiology, an operator operates the |
joystick to select and instruct desired radiographic
image data to be reproduced. A display mode for

enlarging reproduced images.may be selected as neces-

sary.

- 53 -
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Théﬂfifst_nenu di sappears when the nonitoring foot swtch 6 is depressed
to display fluoroscopic inmages for observation on the fluoroscopic imge
display monitors 15 and 16. Even in this state, the operations other than

operation (2) of the joystick 21 or 22 are accepted as valid. That is, the
first menu shows the operations of the joystick 21 or 22 by way of
However, the first nmenu nust be displayed as above when calling

gui dance.
t he second nmenu described |ater (operation (2)). Further, the second nenu

nmust be dlsplayed when the joystick 21 or 22 is operated in relation to
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21 second nmenu. That is, the second nmenu shows jobs that can be done
using the joystick 21 or 22 (e.g. selection of a displiay node). The
- second nmenu cal l ed by operating the joystick .

| | 2
FIG. 2A /7

F1G.Z2B
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21 or 22 as in operation (2) above will be described next with reference
.to Fig. 5.- As shown in Fig. 5, the second nenu shows a |ist of
~functions set out hereunder. A bold frane is novable fromfunction to
function on the second nmenu by rocking the joystick 21 or 22 crossw se,
and a function narked.by the bold frame may be sel ected by pressing the
button 25. (A "NEXT MENU' is for returning to the first nenu.

(B) "PLAY MODE" sets a reprodu0| ng node when "Dl SPLAY MODE" is sel ected.

By operating the |ever 24
7
578

F1G.3

/.’__\'
- _[1D=001 SUB- D=1
: / L RAO 30°

image data
takenat KF
RAQ 30°

SUB-1D=2
|RAQ_ 60" . oy
image data
taken at |F
RAO 60°

1 SUB- ID 4
LAO_60°

image data
taken at
LAO 60°

— 10=002 SUB-10=1
1RAO 307
image data
taken at F-

RAO 30°

LF

. L4 1D=999 SUB-ID=1}
l RAQ 30°

[image data|
taken at [
RAO 30°

)
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of the joystick 21 or 22 backward or forward after selecting this
function, reproduci ng nodes descri bed hereinbel ow successively appear in
the position of "PLAY MODE" in Fig. 5. A desired reproduci ng node nay be
sel ected by pressing the button of the joystick 21 or 22. (a) "FAST
FORWARD' The radi ographi c i mage data obtai ned over a predeterm ned

peri od of several seconds, with the
F1G.4 n
‘ 7

SUB-1D=1 RAO 30
SUB-1D=2 RAO 60’
SUB-1D=3 LAO-30
SUB-1D=4 LAO 60° | |

L -G11

4
;rf,[_,luulnnll}/e’z
-603045-10-6-31 01 3 610153060 '

FIG.5

NEXT MENU

PLAY MODE
Z00OM
POSITION
MULT
JUMP
REF. DISP | REF REG
MAP
PROCESS
ID <lp 1D
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22 reference image in the mddle, of each file successive- |y appear at
the collecting speed, in the ascending order of the files with the sane

I D. Assune that ID= 1 has four files SUB-ID =1 to 4 as shown in Fig. 6,
for exanple. In this case, radiographic inmage data GP[err] to GP[err]

obt ai ned over the predeterm ned period of

5’/7

F1G.6
SUB-1D=1 - GP1s GRi1 GPae GA1e
A
1S "y
GP1

SLjB-I D=2 GP2s - GATVGRZ-[ GP2e ,GAZE

\

s Y _
oAz .__GP2 D=1
SUB-ID=3  GPss GA2 GR3 ,GP3e ,GA3E

GA3s ° G;Pa J
SUB-ID=4  ,GPss GA3 GR4 ,GP4iE ,GA4E

Ay )
‘ GA4S oh
GA4

“ﬁﬁ?iﬁ‘fiiilﬁﬁi" “Tm )




several seconds, with the reference image GRL in the mddle, of file
SUB-I1D =1 are first reproduced and displayed at the collecting speed. It
is to be noted that radiographic inage data GP[err] is a data obtained
after radi ographic image data GP[err]. Subsequently, inages GP[err] to
GP[err] of file SUB-1D = 2 are reproduced and displayed at the collecting
speed. Then, simlar- .ly, inmages GP3 of file SUB-ID = 3 and i mages GP4 of
file SUB-1D = 4 are reproduced and di spl ayed succes- sively. After

radi ographi c image data GP 4E of file SUB-I1D = 4, radiographic inage data

GP[err] to GP[err] of
FI1G.7 //
| ’7

50%
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file SUB-1D = 1 are reproduced and displayed at the collecting speed
again. The other inmage data appear simlarly in cycles. The predeterm ned
period of several mnutes noted above is set through the control console
23 in advance. (b) " FORWARD' Al | radiographic i mage data
formng the respective files are successively displayed at the collecting

FI1G. SA - FIG.9B

.GR1, GR2, GR1 GR2 GR3 GRq 7/7
! N T i I

-

GRs TGRs
T - -\GRIZ
GRg
C 1y S S S )
FIG. 9C GR3  .GRs4 . GR13 GR1z GR1s GRis
” _ _ GRi1 - GR4
7 {
‘\
GR17
GR13 GRig
. FIG.10
EXIT
SELECT
DELETE
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23 speed, in the ascending order of the files with the sane ID. In
the exanple shown in Fig. 6, imges GAlerr] to GAlerr] of file SUB-ID = 1
are first reproduced and di spl ayed at the collecting speed. It is to be
not ed that inmage data GA[err] is the first data obtained in col l ecting
t he radi ographic image data for this file (i.e. the radiographic inmage
data obtained at start of t he radi ographic process), while data GA[err]
is the

FI1G.11A F1G.11B

. @-
(%R1 QR1 é%/

F1G.11C FIG.11D

GR17

! f

, 3 ) §
GR13 GR1;, GRis GRis

FIG.2

EXIT

CALIBRATION

DISTANCE
STENOSIS

< >
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radi ographic i mage data obtained at finish of the radi ographi c process.
Subsequently, inage data GAlerr], GAlerr] and GAJerr] of files SUB-ID =
2, 3 and 4 are reproduced - and displayed. After radiographic inage data
GA[err] of file SUB-1D = 4, radiographic imge data GA[err] to GAlerr]
of file SUB-ID = 1 are reproduced and di spl ayed at the col | ecting speed
agai n. The other inmage data appear simlarly in cycles. ' (c) "PLAY"
Al'l radi ographic image data constituting a single file are displayed

cyclically at a predeterm ned
7/7

FIG.13A FIG.13B
SP7
i .
CR SP1
F1G.14
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Ieproducing speed. In the exanple shown in Fig. 6, when file SUB-ID =1 1is
sel ected for reproduction, inmages GA[err] to GA[err] are reproduced and

- displayed at the reproducing speed. After imge GAlerr], inmages GAlerr]
to GAlerr] are reproduced and displayed at the reprodUC|ng speed agai n.
The reproducing speed is selected in the

FI1G.15 /%7
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24 portion Gl2 of the first nenu. Afile may be selected for
reproducti-on by operating the joystick 21 or 22 with reference to the
portion Gl2 of the first nmenu, or - by "MILT" or "JUW" function as

descri bed | ater. (d) "FAST PLAY" The radi ographi c i mage data
obt ai ned over the predeterm ned period of several seconds, with the

reference image in the mddle, of a single file are displayed cyclically
at a predeterm ned reproducing
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speed. The above predeternined period of several seconds is set through
the control console 23 in advance. The reproducing speed and a file to be
reproduced nay be selected as for "PLAY" described above. (e)
" REVERSE" This is the same as (b) above excepting that here the data
are reproduced in the descending order of the files. In the exanple shown
in Fig. 6, inages GA[err] to GA[err] of file SUB-ID = 4 are first
reproduced and displayed at the collecting speed. Next, imge data
GAlerr] to GAlerr] of file SUB-1D = 3 are reproduced at the :
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. tollecting speed. Subsequently, GAlerr] and GA[err] of files SUB-ID = 2
"and 1 are reproduced and displayed in succession. After imge data GAlerr]
of file SUB-ID =1, inmage data GAM4 of file SUB-1D = 4 are reproduced and
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DIGITAL X-RAY RADIOGRAPHIC APPARATUS

BACKGROUND OF THE INVENTION
{1) Field of the Invention

This invention relates to digital X-ray radiq-
gréphic apparatus for use in interventional radiology
(IVR), for example, and having a function to_reproduée_
radiographic image data. More particularly, the inven-
tion relatgs to a device for selecting radiographic
image data for repfoduction. |
{2) Description of the Related Art

The digital radiographic apparatus diéitalizes;
for example, X-ray penetration images of visualized
blood vessels obtained from various directions of an
examinee. Resulting data are stored in a storage
medium such as a magnetic disk, so that the X-ray
penetration images (radiographic image data) may be
reproduced when desired.

IVR is a therapeutic procedure in which an opera-
tor (doctor) treats, with a catheter inserted into a
patient's body, clogging of a blood vessel, cancer
cells or the like found through angiography. In the
IYR procedure, a comparison is made between fluoroscop~
ic images currently obtained thfough angiography and’

X—ray penetration images.(radiographié image data)
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enciosed by a dotted line around a central position CP of radi ographic

I mge data is enlarged twice on the

and 13.

(D

"POSI TION' is a process of shifting the position

enl’arged by "zZOOM' above. The center of the enlarged i mage may be s
by operating the joystick 21 or 22 to select this function and then

rocki ng the

8, the enlarged region (enclosed in a dotted

| ever 24 of the joystick 21 or 22 crosswi se. As shown
| ine) may be noved up and

down and right and left by rocking the |ever 24 of the joystick 21

Cr ossw se

after selecting "POSITION'. 9 - )

obtained through angiography in advance. It is there-
fore necessary to reproduce, during the IVR procedure,
desired radiographic image data in the examination room
where the operator is working. Such data are selected
from the radiographic image data stored in the storage
medium of the digital radiographic apparatus.

Thus, the digital rﬁdiographic apparatus includés
a mohitor installed in the examination room where the
operator works, for reproducing and displaying the
radiographic image data. Conventionally, an engineer
carries out an operation on a control console installed
in a control room separate from the examination room to
reproduce the radiographic image data.. During the IVR
procedure, the operator gives verbal instructions
through an intercom or the like to the engineer for
reproduction of the radiographic image data the opera-
tor desires.

Preferably, during the IVR procedure, the desired
radiographic image data should be reproduced immediate-~
ly. With the conventional apparatus, however, the
desired data are not reproduced immediately since the
reprqduction is done through the engineer. This and
other aspects of the conventional apparatus constitute

a disadvantage in operating efficiency.

Thia is the replacement sﬁnt
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(E) "MULT" is a process of splitting the screen of each reproduced image
display nonitor 12 or 13 into four or 16 windows for nultiple display as
shown in 26

SUMMARY OF THE IMNVENTION

Having regard to the state of the art noted above,
the object of this invention is té provide a digital
X-ray radiographic apparatué for enabling radiographic
image data desired by an operatpr to be reproduced
immediately and efficiently.

The above object is fulfilled, according to a
first aspect of this invention, by a digital X-ray

- radiographic apparatus for digitalizing and collecting
X-ray penetration images of an examinee, énd reproduc-
ing the X-ray penetration images collected, the appara-
tus comprising:

an X-ray penetrating device for obtaining the
X-ray penetration images from the examinee;

a signal converting device for digitalizing the
X-ray penetration images received from the X-ray
penetrating device;

a stofaée device for storing the X-ray penetration
images digitalized by the signal converting device;

a reproduced image displéy_monitor installed in an
examination room along with the X-ray penetrating
device, for reproducing and displéying the X-ray
penetration images (hereinafter refefred to as “"radio-
graphic image data'") digitalized and stored in the

storage device;

e Thig ig the replacement sheet
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Figs. 9A, 9B and 9C, to display reference i mages of a plurality of files.-
Where the sane I D has four or |ess files, the screen is split into four

w ndows as shown in Fig. 9A Where the sane ID has five or nore files,
the screen is split into 16 wi ndows as shown.in Figs. 9B and 9C. Wher e
the sane I D has 17 or nore files, a nultiscreen node is enployed, with
each screen split into 16 wi ndows to display the reference inages in the
ascending order of the files as shown in Fig. 9C In Figs. 9A, 9B and 9C,
references GRlerr]-CRlerr] denote refer- ence imges of files SUB-ID =1
to 17. When this function is selectedg4 the second nenu

a fluoroscopic image display monitor installed in
the examination room for displaying fluoroscopic images
being picked up by the X-ray penetrating device;

a menu generating/displaying device for generating

.a menu including at least a function to select radio-
éraphic image data to be reproduced and displayed on
the reproduced image display monitor, and causing the
menu to be displayed on the fluoroscopic image display
monitor;

a selecting and instructingwdevice installed in
the examination room for selecting and instructing
functions shown on the menu;

a display switching device for swi%ching the
fluoroscopié“image display monitor between -a state for
displaying the fluoroscopic images being picked up by
the X-ray penetrating device and a state for displaying
the menu generated by the menu generating/displgying
device; and

a control device responsive to instructions
received from the selecting and instructing device for
causing the radiographic image data to be reproduced
and displayed on the reproduced image display monitor.

An apparatus according to a second aspect of this
invention comprises a superimposing.device, in place of

the display switching device, for causing the menu to

This is the replacement sheet
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di spl ayed on the fluoroscopic.-inmage display nonitors 15 and 16 is switched
to a selector nenu of the "MJULT" function as shown in Fig. 10. When
the nenu shown in Fig. 10 is displayed, a bold frame is noved from
function to function by rocking the lever 24 of the joystick 21 or 22
backward or forward. A function marked by the bold frame may be selected
by pushing the button 25. (a) "EXIT" is a process of closing this
menu and returning to the second. menu. Upon selection of "EXIT', the
selection of "MJULT" is cancel ed. 5

be displayed on the Ffluoroscopic image display monitor
in superimposition on the fluoroscopic images being
picked up by the X-ray penetrating device.

Further, an apparatus according to a third aspect
of this invention dispenses with the display switching
device in the first-mentioned apparatus, and includes a
menu display monitor bésides the fluoroscopic imagei
display monitor. The menu generated by the menu

"generating/displaying device is displayed on the menu
display monitor.

With these apparatus, radiographic image data to
be reproduced may be selected and instructed by operat-
ing the selecting and instructing device installed in
the examination room. Thus, the operator himself or
herself can carry out the selecting and instructing
operation. As a result, the radiographic image data
desired by the operator during an IVR procedure may be
reproduced immediately. The menu showing the control
functions performed in response to operation of the
selecting and instructing device is displayed on the
monitor (on tﬁe fluoroscopic image display.monitor in’
the apparatus according to the first and'second aspects
of this invention, or on the menu display monitor in
the . apparatus according to the third aspect of the

invention) installed in the examination room. ' The

S Thia s the replacement sheet
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(b) "SELECT" is a process of selecting a file by neans of the reference
i mages in the multi-w ndow 27
di splay on the reproduced i mage di spl ay nDnltors 12 and 13.  Wen
"SELECT" is selected, a bold selector frane

- 6 -
operator méy refer to the menu whilé observing the
radiographic image data reproduced, and operate the

- selecting and instructing device to effect the select-
ing and ;nstructing operation. This promotes operating
efficiency in selecting and instructing radiographic

image data to be reproduced.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpdse of illustratihg the invention,
there are shown in the drawings several forms which are
presently preferred, it being understood, however, that
the invention is not limited to the precise arrange-
!ments and instrumentalities shown.

Fig. 1 is a block diagram showing an outline of a
digital radiographic apparatus in a first embodiment of
this invention;

Figs. 2A and 2B are perspective views of joysticks
each having a pushbutton;

Fig. 3 is a view schematically showing management
of files collected in a magnetic disk unit;

Fig. 4 is a view showing a first menu;

Fig. 5 is a view showing a second ménu;

Fig. 6 is an explanatory.view of a reproducing
mode;

Fig. 7 is an explanatory view of a "ZooM"

This 1s the replacemsnt sheet
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appears on one of the reference inmages displayed on the reproduced i nmage
display nonitors 12 and 13 as shown in Figs. 11A and 11B. Wen, in this

state, the lever 14

of the joystick 21 or 22 is rocked crossw se, the

bol d frame is shifted frominage to inmage. By pressing the button 25,
the file containing the reference i mage mar ked by the bold frane may be

selected. The file

sel ected is reproduced and displayed on the reproduced

i mage di splay nmonitors 12 and 13. Where there are 17 or nore files

and the reference

i mages are displayed in the multiscreen node, the bold

7

function;

Fig. 8 is an explanatory view of a "POSITION"

function;

Figs. 9A through 9C are explanatory views of a

“MULT" function;

Fig. 10 is a view showing a selector menu of the

YMULT" function;

Figs. 11A through 11D are explanatory views of a

file selection by the "MULT" function;

Fig. 12 is a view showing a selector menu of a

"PROCESS" function;

Figs. 13A and 13B are'explanatory views of a

magnification ratio selection by the "PROCESS" func-

tion;

Fig. 14 is an explanatory view of a stricture rate

selection by the “PROCESS" function;

Fig. 15 is a perspective view of a changeover

switch on a control console (for enabling or setting an

order of priority cf the joysticks);

Fig. 16 is a perspective view of a modified

selecting and instructing device;

Fig. 17 is a bilock diagram showing a modified

principal portion of the first embodiment;

Fig. 18 is a view showing a menu superimposed on a

fluoroscopic image;
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frame may be noved to the bottomrow of inages GR13 to GRerr] as shown in
Fig. 11C. In this state, the joystick 21 or 22 nmay be rocked further
backward. This opera- tion causes a next screen including the reference

i mages of the 17th and subsequent files as shown in Fig. 1D to: appear on
the reproduced inmage display nmonitors 12 akd 13. Simlarly, a’pfevious
screen may be displayed by shifting the bold frane to the top row of

i mages and rocking the joystick 21 or 22 forward. (c) "DELETE" is a
process of deleting files by .nmeans of the reference imges in the

mul ti-w ndow display on the reproduc§d | mage di splay nonitors 12 and -

Fig. 19 is a block diagram showing a second

embodiment of this invention; and

Fig. 20 is a block diagram showing a third embodi-

ment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiﬁents of this invention Qill be
described in detail hereinaﬁter with reference to the
drawings.

First Embodiment

Fig. 1:is a block diagram showing an outline of a

digital radiographic apparatus in a first embodiment of
! this invent;on-

Numeral 1 in Fig. 1 denotes a bed for supporting
an examinee M lying thereon. An X-ray tube 2 and an
image intensifier unit 3 are opposed to each other
across the examinee M lying on the bed 1.

A high voltage generator 4 is connected to the
X-ray tube 2. When an operator steps on a photograph-
ing foot switch S or a monitoring'foot switch 6 ar-
ranged adjacent the bed 1, the high voltage generator 4
applies a high current to the X-ray tube 2 to irradiate
the examinee M with X-rays.

A television camera 7 1is connected—to the image

intensifier unit 3. The X-rays having penetrated the
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28~ 13. To carry out the "DELETE" function, a bold frane I s noved and
a reference image is selected as in "SELECT". The file containing the

sel ected reference

- | 9

examinee M are converted and intensified into visible
light by the image intensifier unit 3, and picked up by
the television camera 7. A CCU (camera controller) 8

is connected to the television camera 7. The CCU 8
processes, e.g. amplifies, a signal outputted from the
television camera 7. An output signal of the CCU 8 is
converted to a digital signal by an A/D (analog—to~éigi-
tal) converter 9 to be supplied to an image processor
10. |

The X-ray tube 2 and image intensifier unit 3,
arranged in the opposed relationship, are movable along
and around the body axis of the examinee M to obtain
X-ray penetrétion images from various directions of the
examinee M. The X-ray tube 2 and image intensifier
unit 3 (including the television camera 7) may be moved
by the operator manually or through a controller, not
shown.

The photograrhing foot switch 5 is an instruction
switch for causing the X-ray penetration images ob-
tained as above to be stored in a magnetic disk unit 11
(i.e. X-ray photography) as described léter. The
monitoring foot switch 6 is an instruction switch for
causing the fluoroscopic images being obtained to be
shown on fluoroscopic image display monitors 15 and 16

(i.e. X-ray monitoring) as described later.
Thig I8 the raplaosment sheet
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image is deleted fromthe nmagnetic disk unit 11. I n "DELETE" al so, as
I n "SELECT" above, screen swi tching my be effected on the reproduced

i mpage display nonitors 12 and 13. (F) "JUWP" is a process of
s€lecting a file directly by neans of the SUB-I1D affixed thereto. Wen

this function is selected by operating the joystick 21 or 22, the first
menu i s displayed on the fluoroscopic imge display nonitors 15 and 16.
The bold frame is shifted by rocking the joystick 21 or 22 backward or
forward, and a file indicated by the bolﬂofrane is selected by pushing the

button 25.

The components referenced 1 through 8 constitute
an X-ray penetrating device of this invention. The A/D
converter 9 corresponds to a signal converting device
of this invention.

The image processor 10 carries out filtering
processes on the digital signal supplied thereto, such
as for reducing noise and'defininé edges. The'magnefic
disk unit'11 is connected to the image processor 10 for
recording and collecting the X-ray penetration images.
This magnetic disk unit 11 corresponds to a storage
device of this invention.

Further, in order to reproduce and present the
X-ray penetration images (radiographic image data)
stored in the magnetic disk unit 11 on reproduced image
display monitors 12 and 13, a D/A (digital-to-analog)
converter 14 is connected to the image processor 10 for
converting the radiographic image data in the form of
digital signals to analog signals.

The reproduced image display monitor 12 corre-
sponds to a reproduced image display monitor of this
invention installed in an examination room. The
reproduced image display monitor 13 corresponds to a
control room reproduced image display monitor of this
invention ins;alled in a control room.

Output data (fluoroscopic image display data) of
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During operation (5) on the first nmenu, i.e. _
backward or forward and pushing the button 25 to select a file,
bold frame is shifted to a different file,

t he

this file is displayed in still condition

rocking the joystick 21 or 22
each tine

the refer- ence image of
on the reproduced i mage display

nonitors 12 and 13. In the "JUW" process, on the other hand, the inage

di spl ayed on the reproduced inmage display nonitors 12 and 13
changed with a shift of the bold frane to a different file.

button 25 is pressgq

I S not
Only when the

11 -

the image processor 10 is inputted to an input.terminal
"a" of a switch 19. The switch 19 has another input
terminal "b" for receiving output data (menu display
data) from a GC (graphic controller) 18 for generating

menu representations described later.

-The switch 19 has an output terminal connected to
a D/A converter 17; The digital data received through
a selected éne of the input terminals "a" and "b" is
converted to an analog signal by the D/A converter 17
to be displayed on the fluofoscopic image display |
monitors 15 and 16. The switch 19 is operable by a
controllef 20 to select the input terminal "a“ or "b",
depending on whether the operator depresses the moni-
toring foot switch 6 or not.

That is, when the operator depresses the monitor-
ing foot switch 6, the D/A converter 17 is connected to
the input terminal "a", and thus to the image processor
10. As a result, the fluoroscopic images currently
obtained from the examinee M are shown on the fluoro-
scopic image display monitors 15 and 16. On the other
hand, when the operator releases the monitoring foot
switch 6, the D/A converter 17 is connected to the
input terminal "b", and thus to the GC 18, whereby the
menus are shown on the fluoroscopic image display

monitors 15 and 16.

This is the replacement sheet

Date: 2 3 AUG 1996



29" to select the file, a change is nade to the inage of t he sel ected

file. Thus, a file selecting operation by "JUWP" is faster than the
above operation (5). : (G "REF. DISP" is a process of displaying a
- 12

The GC 18 corresponds to a menu gegerating/
displaying device of this invention. The switch 19
corresponds to a display switching device of this
invention. The fluoroscopic image display moni;or 15
corresponds to a fluoroscopic image display monitor of
this invention installed in the examination room. The
fluoroscopic image display monitor 16 corresponds té a
control room menu display monitor of this invention
installed in the control room.

. Numeral 21 denotes a joystick with a pushbutton
which, as shown in Fig. 2A, is?disposed on one side of
the bed 1 for use by the opera?or. Numeral 22 denotes
a joystick with a pushbutton which, as shown in Fig.
2B, is attached to a control console 23 for use by an
engineer. Each of these joysticks 21 and 22 includes a
lever 24 rockable crosswise and a button 25 depressable
to select radiographic image data as described later.

The jo&stick 21 used by the operator corresponds
to a selecting and instructing device of this invention
installed in the examinétion room. The joystick 22
used by the engineer corresponds t6 a control room
selecting and instructing device of this invention
installed in the control room.

The joystick 21 in particular may be used with a

sterilized cover placed thereon for the sake of
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reference i mage. When this process is selected by operating the joystick
21 or 22, the reference inage of the file currently reproduced is

di spl ayed. (H "REF. REG' is a process of re-registering a _
reference image. When this process is selected by operating the joystick
21 or 22, an inmage currently displayed is registered as the reference

i mge of the file. (I') "MAP" is a process of calling a | oad map

node. Load map is a process of displaying currently obtained fluoroscopic
i mages and reproduced radi ographic imge data in superinposition. Wen

"MAP" is selected by 13

sanitation. Ho&ever, such a sterilized cover is not
obstructive to the selecting and instructing operation
since the joystick 21 is operable simply by rocking the
lever 24 crosswise and pressing the button 25.

The control gonsole 23 is used to set control data
and the like to the controller 20'as desc;ibed later.
The control console 23 is used by the engineer. '

The entire apparatus is operable under control of
the controller 20. For example, the controller 20
instructs the image processor 10 to reproduce radio-
graphic image data in response to opefﬁtion of the
switch 19 based on a state of the mon%toring foot
switch 6 as described above (the state of the monitor-
ing foot switch 6 being transmitted through the high
voltage generator 4) or operation of the joystick 21 or
22. The controller 20, image processor 10 and GC 18
include, for example, a CPU {central processing unit),
a CpU memofy and an external storage (such as a hard
disk or a flexible disk). The external storage stores
processing sequences (programs) executed by the respec-
tive components. Upon start of the apparatus, these
Programs are loaded into the CPU memory for execution
by the CPU. The controller 20 corresponds to a control
device of this invention.

In Fig. 1, reference KS denotes the examination
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aperating the joystick 21 or 22, the inmage processor 10 causes the
reproduced i nage display nonitors 12 and 13 to display currently

reproduced radi ographic i mage data as superinposed on fl uoroscopic imges
successively supplied to the inmage processor 10. (J) "PROCESS" is a
process of setting a magnifica- tion ratio, neasuring a distance,

nmeasuring a rate
second nenu

of stricture. When this process is selected

14 -

room where the operator works, and the components
bounded by reference KS are arranged in the examination
room. Reference SS denotes the control room where the
engineer works, and the components bounded by reference
KS are arranged in the control room.

Operations of the apparatus having the above

construction will be described hereinafter.

Operations for X-ray photography will be described

first.

In X~-ray photography, an ID (identification code)
of the examinee M is set through the control console 23
or the like, and inputted to the controller 20. Nexf,
the operator adjusts an angular relation;hip between
the examinee M and the X-ray tube 2 and image intensi-
fier unit 3. Information relating to the angular
relationship, e.g. "RAO 30° (the X-ray tube 2 being
inclined 30° rightward with respect to the body axis of
examinee M)" or "LAO 30° (the X-ray tube 2 being
inclined 30°';eftward with respect to the body axis of
examinee M)", is set through the control console 3 and
inputted to the controller 20. Alternatively, such
information relating to the angular relationship may be
transmitted to the controller 20 from a control unit of
an X-ray tube and image intensifier holding device not

shown. The ID and the information relating to the

and
, the
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30

repl aced by a selector nenu of "PROCESS' as shown in Fig. 12.
the nenu shown in Fig. 12 is displayed, a bold frame is noved from

fsunction to function by

15

angular relationship inputted to the controller 20 are
applied to the image processor 10.

Then, the operator steps on the photographing foot
switch 5 to cause the X-ray tube 2 to irradiate the
examinee M with X-rays. The X-rays having penetrated
the examinee M are transmitted through the image
intensifier unit 3, television camera 7, CCU 8 and'A}D
converter 9 to be supplied in digitalized form to the
image processor 10. The image processor 10 writes the
radiographic image data into the magnetié éisk unit 11,
and at the same time transmits the data through the D/A
converter 14 to the reproduced image display monitors
12 and 13 for display.

While the photographing foot switch 5 is de-
pressed, the radiographic image daté are successively
stored (collected) in the magnetic disk unit 11 and
displayed on the reproduced image display monitors 12
and 13 at a predetermined speed. Where, for example,
the television camera 7 has 525 scan lines in the
vertical direction and the image'procéssor 10 converts
them into 512 x 512 pixels, the radiographic image data
are collected in the magnetic disk unit 11 and dis-
pléyed on the reproduced image display monitors 12 and
13 at the rate of 60 frames per second (60 frames of

radiographic image data in one second). Where the

di spl ayed on the fluoroscopic image display nonitors 15 and 16 is

When
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rocking the lever 24 of the joystick 21 or 22 cross- wse. A function

mar ked by the bold frame may be selected by pushing the button 25.

(a) "EXIT" is a process of closing this nenu and returning to the second
menu. Upon selection of "EXIT', the selection of "PROCESS' is cancel ed.

(b) " [err]™ and " [err] " are used in the "CALIBRATION' process, which
represent functions to select an actual size of a catheter inserted into
the examnee M Wien this function is selected, a change is nade in the
actual size of the catheter appearin%é n a catheter size display KJ at the
ri ght hand side of each repro- -

television camera 7 has 1,024 scan lines in the verti-
cal diréction and the image processor 10 converts them
into 1,024 x 1,024 pixels, the radiographic image data
are stored and displayed at the rate of 30 frames per
second. The speed at which the radiographic image data
aré collected is referred to as'é collecting speed,
which is dependent on the number of scan lines of the
television'camera 7 and the number of pixel matrices
converted by the image processor 10.

The magnetic disk unit 11 stores radiographic
image data collected in one.operation (i.e. collected
over a period ofltime from depression to release of'the
photographing foot switch 5) as one filé. In !
angiographic photography, for example, the magnetic
disk unit 11 stores, as one file, numerous frames of
radiographic image data showing a process of a contrast
material introduced into the examinee M gradually
£illing blo&d vessels. Each file includes an identifi-
cation number (SUB-ID) and information relating to an
angular relationship at a photographing time (such as
"RAO30°") applied from the image processor 10. Such
files are grouped under each ID. Thus, as shown in
Fig. 3, a plurality of files F stored in the magnetic
disk unit 11 are classified according to IDs (examines

M), each file containing radiographic image data
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duced image display nmonitor 12 or 13 as shown in Figs. 7 and 8. The val ue
currently displayed indicates a selected size of the catheter. (c)
"CALI BRATION'" is a process of determning a ratio of one pixel to the
actual size of the catheter based on the actual size selected in operation
(b) above and a size of the catheter displayed on the reproduced inage
display nonitors 12 and 13. Wen this

17

obtained by varying the angle of the X-ray tube 2 and
the like. '

When the photographing foot switch 5 is released,
i.e. when a photographic operation for one file is
completed, the controller'zo causes the radiographic
image data just collected in a file to be displayed on
the reproduced image display monitors 12-and 13 cycli-
cally at the collecting speed. A reproducing mode may
be selected from a second menu described later, to
cyclically display these radiographic image data and
other data previously collected and stored in a plu-
rality of files. The reproducing speed may be wvaried
by operating the joystick 21 or 22 as described later.

During the'aone process, the monitoring foot
switch 6 remains out of operation, and therefore the
input terminal "b" of the switch 18 is selected.
Consequently, a first menu, as shown in Fig. 4, gener-
ated by the GC 18 is displayed on the flﬁoroscopic
image display monitors 15 and 16. This screen shows
mainly information regarding reproducing conditions of
the radiographic image data currently displayed (repro-
duced) on the reproduced image diéplay monitors 12 and
13. 2 portion Gli of the screen shows a list of files
already photographed (including the file just photo-

graphed) of the examinee M (the same ID), with an
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31 - process is selected, a cross cursor CR as shown in Fig. 13A appears
on the screens. This cursor is noved by rocking the |lever 24 of the
joystick 21 or 22 cross- w se, and specific points are designated by
pressing the button 25. Two specific points SP[err] and SP[err] (at
opposite sides of the catheter), as shown in Fig. 13B, are designated by

rocking the | ever 24 and pressing the

18

indication (in a bold frame in Fig. 4) of the file
currently reproduced on the reproduced image display
monitors 12 and 13. A portion G12 shows a reproducing
speed currently selected, with a numeral indicated by
the pointer representing the current reproducing speed.
Numeral “O0" means zero reproducing speed, i.e. a still
condition for Showing still pictures. The plus nﬁmé}-
als show numbers of frames advanced in one second for
reproductidn. When the data are reproduced at the
collecting speed, for ekémple; the poinﬁer indicates
"60 (60 framés per second)'. The minus numerals show
numbers of frames moved backward in one second for
reproduction. The state of displayving the first menu
is called herein "DISPLAY MODE"“.

In this state, the joysticks 21 and 22 are opera-

" ble to produce the following effects:

(1) When the button 25 is pressed during a dynamic
reproduction (at a reproducing speed other than "0"),
the reproducing speed is set to "0" to establish the
still condition. |

{2) When the button 25 is pressed in the still
condition, the screen is switched to a second menu
described later, unless the monitoring foot switch 6 is
depressed (i.e. only when the first henu is displayed).

{3) When, in the still condition, the lever 24 is
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button 25 of the joystick 21 or 22. The actual size of the catheter is

di vided by the nunber of pixels present between the specific points
SP[err] and SP[err] to determne the size of one pixel of the screen in
rrelation to the actual size of the catheter. Figs. 13A and 13B are views
each show ng, as enlarged, a catheter portion of the inmage displayed on

the reproduced image display nonitors 12 and 13. (d) "DI STANCE" is
for neasuring the thickness of blood vessels, for exanple, based on the
above nmagnifi- cation ratio. Wien thisjgunction is selected, a cursor

inclined leftward and released at once, the radiograph-
ic image data in a preceding frame is displayed; When,
in the still condition, the lever 24 is inclined right-
ward and released at once, the radiographic image data
in a succeeding frame is displayed.

(4) When the lever 24 is maintained in a leftward
inclined position, the reproducing speed is shifte&
from right to left in the portion G1l2 of the first
menu. A reproducing speed indicated by the pointer may
be selected. When the lever 24 is maintained in a
rightward inclined position, the reproduéing speed is
shifted from left to right.in the portion Gl12 of the
first menu. Again, a reproducing speed!indicated by
the pointer may be selected.

(5) By rocking the lever 24 backward or forward;
different files may be selected for reproduction. When
the lever 24 is. rocked backward or forward, the bold
frame in the portion Gll of the first menu is shifted
vertically. A reférence image of a file marked by the
bold frame may be displayed in still condition on the
reproduced image display monitors 12 and 13.

The reference image is a radiographic image in a
frame representative of each file. For example, a
radiographic image in a frame obtained a predetermined

time after start of a radiographic operation for one
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appears on the screen to enable selection of two di stance nmeasuring points
as in the point designation for "CALIBRATI ON' descri bed above. The nunber
pi xel s between the two designated points is nmultiplied by the ratio of

of _
one pixel to the actual size deternmined in "CALIBRATION' above, to obtain
an actual distance between the two designated points. Assune, for

20

file is employed as the reference image. The above

" predetermined time corresponds, for ekample, to the
time at which a contrast material injected into the
examinee M fills a target site. This predetermined
time is set in advance through thércqptrol console 23,
and applied to the image processor 10 via the control-
ler 20. Based on the predetermined time, the imagé-
processor 10 determines a reference image within the
file. The reference imége may be changed (re-regis-
tered) on the second menu described iater. After a
change of files, the file containing the reference
image displayed in still condition is displayed cycli-
cally at the collecting speed only when the lever 24 is
inclined right or left ((3) or (4) above).

The first menu disappears when the monitoring foot
switch 6 is depressed to display fluoroscopic images
for observation-on the fluoroscopic image display
monitors 15 and 16. Even in this state, the operations
other than operation (2) of the joystick 21 or 22 are
accepted as valid. That is, the first menu shows the
operations of the joystick 21 or 22 by way of guidance.
However, the first menu must be displayed as above when
calling the second menu described later (operation
(2)). Further, the second menu must be displayed when

the joystick 21 or 22 is operated in relation to the
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32° exanpl e, t
points and that one pixel corresponds to 2.3mm in actual size,
di stance between the two designated points is 23nmin actual si
result of neasurenent is displayed in a predeterm ned ri ght ha
position KS on each reproduced imge display nonitor 12 or 13.

" STENGCSI S*

is for

hat there are 10 pi xel s between the two desi gnat ed

measuring a rate of stenosis

21

second menu. That is, the second menu shows jobs that
can be done using the joystick 21 or 22 (e.g. selection
of a display mode).

The secbnd menu called by operating the joystick'
21 or 22 as in operation (2) above will be described
next with reference to Fig. 5.

As shown in Fig. 5, the second menu shows a list
of functions set out hereunder. A bold frame is
movable from function to function on the second menu by
rocking the joystick 21 or 22 crosswise, and a function
marked by the bold frame may be selected by pressing
the button 25.

(A) "NEXT MENU" is for returning to the first
menu.

(B} "PLAY MODE" sets a reproducing mode when
"DISPLAY MODE" is selected. By operating the lever 24
of the joystick 21.or 22 backward or forward after
selecting this function, reproducing modes described
hereinbelow succeésively appear in the position of
"PLAY MODE" in Fig. 5. A desired reproducing mode may
be selected by pressing the button of the joystick 21
or 22.

(a) "FAST FORWARD"

The radiographic image data obtained over a

predetermined period of several seconds, with the

t he
ze.
nd

The

(e)
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i a constricted bl ood vessel. Wen this function is selected, a cursor
appears on the screen. As in the point designation for "CALI BRATI ON'
descri bed above, the cursor is used to designate, as shown in Fig. 14,
two points SP[err] and SP[err] at opposite sides of a normal portion of a
bl ood vessel, and two points SP[err] and SP[err] at opposite sides of a
constricted portion of the blood vessel. Fig. 14 is an enlarged view of a
bl ood vessel portion of the image displayed on the reproduced inmage

di splay nonitors 12 and 13. A stenosis rgi of the constricted portion of
t he bl ood vessel may be derived fromth iiunber of pixels between points
SP[err] and SP[err]

reference image in the middle, of each file successive-
ly appear at the collecting speed, in the ascending
order of the files with the same ID. Assume that ID =
1 has four files SUB-ID = 1 to 4 as shown in Fig. 6,
for example. In this case, radiographic image data

to GP obtained over the predetermined period of

1s 1E ,
several seconds,_with the reference image GR1 in the.

GP

middle, of file.éﬁB—ID = 1 are first reproduced and
displayed at the collecting speed. It is to be noted
that radiographic image data GP1E is a data obtained
after r;diographic image data GPlS' Subsequently,
images GPZS to GP2E of file SUB-ID = 2 are reproduced
and displayed at the collecting speed. Then, similar-
ly, images GP3 of filg SUB-ID = 3 and images GP4 of
file SUB-ID = 4 are reproduced and displayed succes-
sively. After radiographic image data GP4E of file
SUB-ID = 4, radiographic image data GP1s to GPlE of
file SUB-ID = 1 are reproduced and displayed at the
collecting speed again. The other image data appear
similarly in cfcles. The predetermined period of
several minutes noted above is set ﬁhrough the control
console 23 in advance.

{b) "FORWARD"

All radiographic image data forming the respective

files are successively displayed at the collecting
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and the nunber of pixels between points SP[err] and SP[err]. The stenosis
rate is shown in percentage, wth 100% representing conplete cl ogging of
the bl ood vessel. The result of this conputation is displayed in a

pt edet ermi ned ri ght hand position KR on each reproduced

23

speed, in the ascending order of the files with-the
same ID. In the example shown in Fig. 6, images GAlS
to GA,p of file SUB-ID = 1 are first reproduced and
.displayed at the collecting speed. It is to be noted
that image data GAls is the first data obtained in
collecting the radiographic image data for this file
(i.e. the radiographic image data obtained at start.of
the radiographic process), while data GAlE is the
radiographic image data obtained at finish of the
radiographic process. Subsequently, image data GAz,
GA3 and:GA4 of files SUB-ID = 2, 3 and 4 are repfoduced
and dis?layed. After radiographic image data GA4E of
file SUB-ID = 4, radiographic image data GAls to GAlE
of file SUB-ID = 1 are reproduced and displayed at the
collecting speed again. The other image data appear
similarly in cycles.

(c) "PLAY"

All radiographic image data constituting a single
file are displayed cyclically at a predetermined
reproducing séeed. In the example shown in Fig. 6,
when fiie SUB-ID = 1 is selected for reproduction,
images GAls to GAlE are reproduced and displayed at the
reproducing speed. After image GAlE’ images GA1s to
GAlE are reproduced and displayed at the reproducing

speed again. The reproducing speed is selected in the
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33 I mage display nonitor 12 or 13. This position KR also displays
di stances between points SP[err] and SP[err] and bet ween points SP[err]

and SP[err] (with "N' representing the di stance between points SP[err]
and SP[err] and "S" between points SP[err] and SP[err]) which are
determined in the same way as for "DI STANCE" above. (Ky "IDerr]
and " [err] ID" are a process of changing the IDs. Wenever this process

is selected,

selected ID are displayed on the reproduced i mage
- : . 24

t he

| Ds are changed and the radi ographic i nage data of a

portion Gl12 of the first menu. A file may be selected
for reproduction by operating the joystick 21 or 22
with reference to the portion Gl2 of the first menu, or
by "MULT" or "JUMP" function as described later.

(d) "FAST PLAY" '

The radiographic image data ob;ained over the
predetermined periocd of several seconds, with the )
reference image in the mid@le, of a single file are
displayed cyclically at a predetermined reproducing
speed. The above predetermined period of several
seconds is set through the control console 23 in
advance. The reproducing speed and a file to be
re;roduced may be selected as for "PLAY" described
above. |

(e) "REVERSE"

This is the same as (b) above excepting that here
the data are reproduced in the descending order of the
files. In the example shown in Fig. 6, images GA4S to
GAum of file SUB-ID = 4 are first reproduced and
displayed at the collecting speed. Next, image data

GA to GABE of f£ile SUB-ID = 3 are reproduced at the

3s
collecting speed. Subsequently, GA2 and GAl of files

SUB-ID = 2 and 1 are reproduced and displayed .in
succession. After image data GAl of file SUB-ID = 1,

image data GA4 of file SUB-ID = 4 are reproduced and
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di splay nonitors 12 and 13. The contents of the nenus displayed on
the fluoro- scopic imge display nonitors 15 and 16 are not limted to
the first and second nenus descri bed above. The nenus may incl ude ot her
processes or functions. The joysticks 21 and 22 are independently
operable to effect the various operations (such as the opera- tions on
the first menu and those on the second nenu), i.e. by the operator and the
engi neer i ndependently of each other. Where an integration of such

operations is de-
i 25

d;splayed again.

(£) "FAST REVERSE"

This is the same as (a) above excepting that here
the data are reproduced in the descending order of the
files.

{C) "ZooM" is a process of magnifying reproducgd
radiographic image data twice. When this is selected
by operating the joystick 21 or 22, image data is
enlarged twice, around a central position of the image
data. As shown in Fig. 7, for example, a region
enclosed by a dotted line around a central position CP
of radiographic image data is enlarged twice on the
reproduced image display monitors 12 and 13.

{D) "POSITION" is a process of shifting the
position gnlarged by "ZOOM" above. The center of the
enlarged image may be shifted by operating the joystick
21 or 22 to select this function and then rocking the
lever 24 of.the joystick 21 or 22 crosswise. As shown
in Fig. 8, the enlarged region (enclosed in a dotted
line) may be moved up and down and right and left by
rocking the lever 24 of the joystick 21 or 22 crossﬁise
after selecting “POSITION".

(E) "MULT" is a process of splitting the screen of
each reproduced image display monitor 12 or 13 into
four or 16 windows for multiple display as shown in
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sited, a switching function may be provided to enable only one of the
joysticks 21 and 22. As shown in Fig. 15, for exanple, the control console
23 may include a changeover switch 40. Wien the changeover switch 40 is

34

- . 26

Figs. 9A, 9B and 9C, to display reference images of a
plufality of files. Where the same ID has four or less
files, the screen is split into four windows as shown
in Fig. 9a. Where the same ID has five or more files,
the screen is split into 16 windows as shown in Figs.
9B and 9cC. Where the same ID has 17 or more files, a
multiscreen mode is employed, with each screen split!
into 16 windows to display the reference images in the
ascending order of tﬁe files as shown in Fig. 9C. 1In
Figs. 9A, 9B and 9C, references GRl—GR17 denote refer-
ence images of fi;es SUB—iD =1 fo 17.

When this function is selected, the second menu
displayed on the fluoroscopic image display monitors 15
and 16 is switched to a selector menu of the "MULT"
function as shown in Fig. 10.

When the menu shown in Fig. 10 is displaved, a
bold frame is moved from function to function by
rocking the lever 24 of the joystick 21 or 22 backward
or forward. A function marked by the bold frame may be

selected by pushing the button 25.

(a) "EXIT" is a process of closing this menu and
returning to the second menu. Upon selection of
YEXIT", the selection of "MULT" is canceled.

(b) "SELECT" is a process of selectino a file by

means of the reference images in the multi-window
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set to "K', the controller 20 accepts operations only fromthe joystick 21
installed in the exam nation room KS. Wen the changeover switch 40 is set
to "S', the controller 20 accepts instructions only fromthe joystick 22
ihstalled in the control room SS. An order of priority may be given
to the joysticks 21 and 22 in case the operations thereof overlap. As
shown in Fig. 15, for exanple, the control console 23 may include a
changeover switch 40. Wien the opera- tions of the joysticks 21 and 22
overlap, the control- [ler 20 may acceptofnstructions only fromthe

-Joystick -
display on the reproduced image display monitors 12 and
13. When "“SELECT" is selected, a bold selector frame
appears on one of the reference images displayed on the
reproduced image display monitors 12 and 13 as shown in
Figs. 11A and 11B. When, in this state, the lever 14
of the joystick 21 or 22 is rocked crosswise, the bold
.frame is shifted from image to imagé. By pressing the
button 25, the file containing the reference_image
marked by the bold frame may be selected. The file
selected is reproduced and displayed on the reproduced
image display monitors 12 and 13.

Where there are 17 or more files and the reference
-images are displayed in the multiscreen mode, the bold
frame.may be moved to the bottom row of images GR13 to
GR16 as shown in Fig. 11C. 1In this state, the joystick
21 or 22 may be rocked further backward. This opera-
tion causes a next screen including the reference
images of the 17th and subsequent files as shown in
-Fig. 11D to appear on the reproduced image display
monitors 12 and 13. Similarly, a prefious screen may
be displayed by shifting the bold frame to the top row
of images and rocking the joystick 21 ér 22 forward.

{c) "DELETE" is a'process of deleting files by
means of the reference images in the multi-window

display on the reproduced image display monitors 12 and

This is tha replacemsnt shiet.
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21 or 22 to which priority is given. \Wen, for exam ple, the changeover
switch 40 is set to "K', priority is given to the joystick 21 installed in
the exam na- tion room KS. \Wen the changeover switch 40 is set to "S",
priority is given to the joystick 22 installed in the control room SS.

The control s based on the enable switching or the order of priority of
these joysticks 21 and 22 nay be enployed |Iikewi se in the other

enbodi nents described |ater. In this and ot her enbodi nents, the
control roomSS also includes the joystick 22, reproduced inmage displ ay
- 28 -

13. To carry out the YDELETE" function, a bold frame
is moved and a reference image is selected as in
YSELECT". The file containing the selected reference
image is deleted from the magnet}c disk unit 11.

In "DELETE" also, as in "SELECT" above, screen
switching may be effected on the reproduced image
display monitors 12 and 13.

(F) "JuMP" is a process of selecting a file
directly by means of the SUB-ID affixed thereto. When
this function is selected by operating the joystick 21
or 22, the first menu is displayed on the fluoroscopic
image display monitoré 15 and 16. The bold frame is
shifted by rocking the joystick 21 or 22 backward or
forward, and a file indicated by the bold frame is
selected by pushing the button 25.

'During operation (5) on the first menu, i.e.
rocking the joystick 21 or 22 backward or forward and
pnshing the button 25 to select a file, each time the
beold frame is shifted to a different file, the refer-
ence image of thig file is displayed in still condition
on the reproduced image display monitors 12 ‘and 13. 1In

. the "JUMP" process, on the other hand, the image
displayed on the reproduced image display monitors 12
and 13 is not changed with a shift of the bold frame to

a different file. Only when the button 25 is pressed

This is the replacement sheet
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monitor 13 and fluoroscopic image display nonitor 16 to allow the engineer

as well as the operator to carry out
35 t he radi ographi c i mage data sel ecting and ot her opera-

29 -

to select the file, a change is made to the image of
the selected file. Thus, a file selecting operation by
"JUﬁP" is faster than the above operation (5).

(G) "REF. DISP" is a process of displaying a
reference image. When this process is selected by
operating the joystick 21 or 22, the reference image of
the file currently reprodqced is displayed. )

{H) "REF. REG" is a process of"re-registering a
reference image. When this process is selected by
operating the joystick 21 or 22, an image currently
displayed is registered as the reférence image of the
file. )

(I) "MAP" is a process of calling a load map mode.
Load map is a process of displaying currently obtained
fluoroscopic images and reproduced radiographic image
data in superimPosition. When "MAP" is selected by
operating the joystick 21 or 22, the image processor 10
causes the reproduced image display monitors 12 and 13
to display currently reproduced radiographic image data
as superimposed on fluoroscopic images successively

supplied to the image processor 10.

(J) "PROCESS" is a process of setting a magnifica-
tion ratio, measuring a distance, and measuring a rate

of stricture.:

When this process is selected, the second menu

This Is tha replacement sheet
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tions. However, it is adequate if at |east the operator can effect
t he radi ographic i mage data selecting and other operations in the

exam nation room KS during an |VR procedure. Thus, the joystick 22,
reproduced i mage display nonitor 13 and fluoroscopic inmage display
nonitor 16 in the control room SS are di spensabl e. Qperations for
observing fluoroscopic images will be described next. When t he
operat or adjusts an angul ar relationship between the exam nee M and the

X-ray tube 2 and de-
- 30

.displayed on the fluoroscopic image display monitors 15
and 16 is replaced by a selector menu of "PROCESS" as
shown in Fig. 12.

When the menu shown in Fig. 12 is displayed, a
bold frame is moved from function to function by
rocking the lever 24 of the joystick 21 or 22 cross-
wiée. A function marked by the bold frame may be )
selected by pushing the button 25. -

(a) "EXIT" is a process of closing this menu and
returning to the second menu. Upon selection of
"EXIT", the selection of "PROCESS" is canceled.

(b) "< " and "] " are used in the "CALIBRATION"
process, which represent functions to select an actual
size of a catheter inserted into the examinee M. When
this'function is selected, a change is made in the
actual size of the catheter appearing in a catheter
size display KJ at the righthand si&e of each repro-
duced image display monitor 12 or 13 as shown in Figs.
7 and 8. The value currently displayed indicates a
selected size of the catheter.

(c) "CALIBRATION" is a process of determining a
ratio of one pixel to the aétual size of the catheter
based on the actﬁal size selected in operation (b)
above and a size of the catheter displayed on the

reproduced image display monitors 12 and 13. When this

23 KUG 189



presses the nonitoring foot switch 6 to observe X-ray pictures, the X-ray
tube 2 emts X-rays. The X-rays having penetrated the exam nee M are
transmtted through the image intensifier unit 3, television canera 7,
CCU 8 and A/D converter 9 to the imge processor 10. Since the nonitoring
foot switch 6 is depressed at this time, the input termnal "a" of the
switch 18 is selected. Consequently, fluoroscopic inmages are transmtted
fromthe inmage processor 10 through the A/D converter 17 to the
fluoroscopic image display nonitors 15 and 16 to be displayed thereon. The
menus fromthe GC 18 are not displayedlat this tinme, as noted

process is selected, a cross cursor CR as shown in Fig.
13A appears on the screens. This'cursor is moved by
rocking the lever 24 of the joystick 21 or 22 cross-
wise, and specific points.are designated by pressing
the button 25. Two specific points SP1 and SP2 (at
oppositg.sides"of the catheter), as shown in Fig. 13B,
are designated by rocking the lever 24 and pressing éhe
button 25 of the joystick 21 or 22. The actual size of
the catheter is divided by the number of pixels present
between thé”specific points SP1 and SP2 to determine
the size of one pixel of the screen in relatﬁon to the
actual size of the catheter. Figs. 13A and ;13B are
views each showing, as enlarged, a catheter portion of
the image displayed on the reproduced image display
monitors 12 and 13.

(d) "DISTANCE" is for measuring the thickness of
blood vessels, for example, based on the above magnifi-
cation ratiol When this function is selected, a cursor
appears on the screen to enable selection of two
distance measuring points as in the point designation
for "CALIBRATION" described above. The number of
pixels between the two designated points is multiplied
by the ratio of one pixel to the actual size determined
in "CALIBRATION" above, to obtain an actual distance

between the two designated points. Assume, for

Thig is the replacement.sheet.
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her ei nbef ore. 36
Qperations carried out by the operator (or engi- neer) during an |IVR

procedure will be described next.

32

example, that there are 10 pixels between the two
designated points and that one bixel corresponds to
2.3mm in actual size, the distance between the two
designated points is 23mm in actual size. The result
of measurement is displayed in a predetermined

righthand position KS on each reproduced image display

monitor 12 or 13.

(e) "STENOSIS" is for measuring a rate of stenosis
in a constricted blood vessel. When this function is
selected, a cursor appears on the screen. As in the
point designation for '"CALIBRATION" described above,
the cursor is used to designate, as shown in Fig. 14,
two points SPNl and SPN2 at oppoéite sides of a normal
portion of a blood vessel, and two points SPSl and SPS2
at opposite sides of a constricted portion of the blood
vessel. Fig. 14.is an enlarged view of a blood vessel
portion of the image displayed on the reproduced image
display monitors 12 and 13. A stenosis rate of the
constricted portion of the blood vessel may be derived
from the number of pixels between points SPS1 and SPS2
and the number of pixe;s between points SPNl and SPNZ'
The stenosis rate is shown in percentage, with 100%
representing complete clogging of the blood vessel.

The result of this computation is displayed in a

predetermined righthand position KR on each reproduced

" This Is the replacement sheet
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In the I VR procedure, the operator operates the joystick 21 (or the

engi neer operates the joystick 22) to select desired radi ographic imge
data. Then, the operator steps on the nonitoring foot switch 6 to cause
fluoroscopic i mages of the examinee Mto be displayed on the fluoroscopic
I mage di splay nonitor 15 (16). The operator conducts the |IVR procedure
while referring also to the radiographic i mge data reproduced on the
reproduced i mage di splay nonitor 12 (13). Changes of the radiographic

i mage data (files) and reproducing spgﬁgs may be effected at this tine

t hrough the joy- _ -

image display mbnitor 12 or 13. This position KR also
displays distances between points SPS1 and SPSZ and
between points SPNl and SPN2 (with "N" representing the
distance between points SPSl and SPS2 and_“S“ between
points SPN1 and SPNZ) which are determined in the same
way as for “"DISTANCE" abovg._

(K) "ID< " and " [>ID" are a process of changing

- the IDs. Whenever this process is selected, the IDs
aré changed and the radiographic.image data of a
selected ID are displayved on the reproduced image
display monitors 12 and 13.

The contents of the menus displayed on the fluoroj
scopic image display monitors 15 and 16 are not limited
to the first and second menus described above. The
menus may include other processes or functions.

The joysticks 21 and 22 are independently operable
to effect the.various operations (such as the opera-
tioné on the first menu and those on the second menu},
i.e. by the operator and the engineer independently of
each other.

Where an integration of such operations is de-
sired, a switching function may be provided to .enahle
only one of the joysticks 21 and 22. As shown in Fig.
15, for example, the control console 23 may include a

changeover switch 40. When the changeover switch 40 is

" Thia I8 the raplacemen sheet
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stick 21 (22). It is also possible to release the nonitoring foot swtch 6
once, as necessary, to switch the fluoroscopic inage display nonitor 15
(16) to a nenu screen and select a desired process fromthe second nenu,
e:g. display the radi ographic inmage data in enlargenent. In the

exam nation room the reproduced inmage display nonitor 12 and fl uoroscopic
I mge display nonitor 15 should desirably be arranged adj acent each

other. Wth these nonitors 12 and 15 arranged adjacent each other, the
operator may operate the joystick 21 mnthgut | ooki ng away fron1the
nmonitors.. This provides -

set to "K", the controller 20 accepts operations only
from the joystick 21 installed in the examination room
KS. When the changeover switch 40 is set to "S", the
controller 20 accepts instructions only from the
joystick 22 installed in the control.room ss.

An order of priority may be given to the joysticks
21 and 22 in case the operations thereof overlap. As
shown in Fig. 15, for example, the control consoleaé3
may include a changeover switch 40. When_the opera-
tions of the joysticks 21 and 22 overlap, the control-
ler 20 may accept instructions only from the joystick
21 or 22 to which priority is given. When, for exam-
ple, the changeover switch 40 is set to YK", priority
is given to the joystick 21 installed in the examina-
tion room KS. When the changeover switch 40 is set to
"sY, priority is given to the joystick 22 installed in

-the control room SS.

The_contrdls based on the enable switching or the
order of priority of these joysticks 21 and 22 may be
employed likewise in the other embodiments described
later.

In this and other embodiments, the control room SS
also includes the joystick 22, reproducea image display
monitor 13 and fluoroscopic image display monitor 16 to

allow the engineer as well as the operator to carry out
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37 | nproved operating efficiency. In the above and subsequent
enbodi ments, the joysticks 21 and 22 are used as the selecting and

35 . -

the radiographic image data selecting and other opera-
tions. .

However, it is adequate if at least the operator
can effect the rgdiographic image data selecting and
other operations in the examination room KS during an
IVR procedure. Thus, the joystick 22, reproduced image
display monito; 13 and fluoroscopic image display )
monitor 16 in the control room SS are dispensable.

- Operations for observing fluoroscopic images will
be described next.

Wﬁen the oﬁerator adjusts an angular relationship
between the examinee M and the X-ray tube 2 and de-
presses the mbnitoring foot switch 6 to observe X-ray
pictures, thé X-ray tube.2 emits X-rays. The X-rays
having penetrated the examinee M are transmitted
through the image intensifier unit 3, television camera
7, CCU 8 and A/D converter 9 to. the image processor 10.
Since the monitoring foot switch 6 is depressed at this
time, the input terminal "a" of the switch 18 is
seleéted. Consequently, fluoroscopic images are
tramsmitted from the image processor 10 through the A/D
converter 17 to the fluoroscopic image display monitors
15 and 16 to be displayed thereon. The menus from the

GC 18 are not displayed at this time, as noted

hereinbefore.
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instructing device. As shown in Fig. 16, for exanple, a trackball 30 and a
pushbutton 31 may constitute a unit to act as a selecting and instructing
device 32. In this case, the trackball 30 provides a replacenent for the
crossw se rocking of the lever 24 of the joystick 21 or 22, while the
pushbutton 31 provides a replacenment for the operation of the button 25 of
the joystick 21 or 22. In the foregoi ng enbodi nent, the sw tching
between fluoroscopic i mges and nenus on the fluoroscopic image display
nonitors 15 and 16 is effected through the36

Operations carried out by the operator (or engi-
neer) during an IVR procedure will be described next.

In the IVR procedure, the operator operates the
joystick 21 (or the engineer operates the joystick 22)
to select desired radiographic image data. Then, the
operator steps on the monitoring foot switch 6 to cause -
fluoroscopic images of the examinee M to be displayed
on the fluoroscopic image display monitor 15 (16). The
operator conducts the IVR procedure while referring
also to the ;adiographic image data reproduced on the
reproduced image display monitor 12 {(13). Changes of

i the radiographic image data (files) and reproducing

speeds may be effected at this time through the joy-
stick 21 (22). It is also possible to release the
monitoring foot switch 6 once, as.necessary, to switch
the fluoroscopic image display monitor 15 (16) to a
menu screen and select a desired ptocess from the
second menu, e.g. display the radiographic image data
in enlargement.

In the examination room, the reproduced image
display monitor 12 and fluoroscopic image display
monitor 15 should desirably be arranged adjacent each
other. With these monitofs 12 and 15 arranged adjacent
each other, the operator may operate the joystick 21

without looking away from the monitors. This provides
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switch 19 based on whether the nonitoring foot switch 6 1is depressed or

not. For exanple, switching may be nmade to superinpose the nenus on the
fl uoroscopic inmages displayed. This aspect will be described with

reference to Fig. 17. Fig. 17 shows a nodified portion of the apparatus
shown in Fig. 1. The conponents omtted from Fig. 17 are the sanme as in

Fig. 1. Inthe illustrated nodification, display changeover sw tches 50

are disposed, for exanple, adjacent the joystick 21 in the exam nation

room KS, and on the control.console 23 i;

improved operating efficiency.

In thé above and subsequent embodiments, the
joysticks 21 and 22 are used as the selecting and
instructing device. As shown in Fig. 16, for example,
a trackball 30 and a pushbutton 31 may constitute a
unit to act as a selecting and instructing device 32.
In this case, the trackball 30 provides a replacemegt
for the crosswise rocking of the lever 24 of the
joystick 71 or 22, while the pushbutton 31 provides a
replacement for the operation of the button 25 of the
joystick 21 or 22..

In the foregoingiembodimeht, the switching between
fluoroscopic images and menus on the fluoroscopic image
display monitors 15 and 16 is effected through the
switch 19 based on.whether the monitoring foot switch 6
is depressed or not. For example, switching may be
made to superimpose the menus on the fluoroscopic
images displayed.

This aspect will be described with reference to
Fig. 17. Fig. 17 shows a modified portion of the
apparatus shown in Fig. 1. The components omitted from
Fig. 17 are the same as in Fig. 1. In the illustrated
modification, display changeover switches 50 are
disposed, for gxample, adjacent the joystick 21 in the

examination room KS, and on the control.console 23 in

This is the replacement sheet.
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38 the control roomsSS, respectively. These display changeover
switches 50 are operable for switching be- tween ordinary display and
superinpose display. Each display changeover switch 50 is in the formof a

push-

-38 -

the control room SS, respectively. These display
changeover switches 50 are oPefable for switching be-
tween ordinary display and superimpose display. Each
display changeover switch 50 is in the form of a push-
button switch. With each depression of this butfon,
switching is made between ordinary display and super-
impose display. )

The output daté (fluorosco?ic images) of the image
processor 10 are inputtéd to an input terminal "a" of a
switch 51, while the menu display data generated by the
Gé 18 are inputted to an input terminal "b" thereof.
Eurthef, an input terminal "c" receives display data,
generated by the superimpose displaying unit 52, of
screens showing a menu superimposed on fluoroscopic
images (see Fig. 18).

The controller 20 operates the switch 51 in_
response to a state of the display changeover switch 50
and a state-of the monitoring foot switch 6.

That is, when the display changeover switch 50 is )
in a state for ordinary display, the input terminal "a"
or "b" of the switch 50 is selected according to a
state of the monitoring foot switch 6 as in the forego-
ing embodiment.” At this time, either the fluoroscopic
images or the menus are displayed on the fluoroscopic

- image display monitors 15 and 16, depending on the
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button switch. Wth each depression of this button, swtching is nade

bet ween ordi nary display and super- inpose display. The out put data
(fluoroscopic images) of the image processor 10 are inputted to an input
termnal "a" of a switch 51, while the nmenu display data generated by the
GC 18 are inputted to an input termnal "b" thereof. Further, an input
termnal "c" receives display data, generated by the superinpose

di splaying unit 52, of screens showi ng a nmenu superinposed on fl uoroscopic

| mages (‘see Fig. 18). 39

state of the.monitoring foot switch 6.

When the display changeover switch 50 is in a
state for superimpose display, the input terminal "c"
of the switch 50 is selected regardless of a state of
the monitoring foot switch.6. Then, the fluoroscopic
images and menus are displayed in superimposition on
the fluoroscopic image display monitors 15 and 16. )
Since the menus are displayed at this time, the opera-
tions of the joystick 21 or 22 according to the menus
are accepted as valid.

With this construction, the operator may select
processes according to the menus during the IVR proce-
‘dure, by operating the joystick 21, while observing the
fluoroscoﬁic imaées displayed. '

In the above construction, one of the display
changeover switches 50 is provided on the control
console 23. However, this display changeover switch 50
may be omitted from the control console 23 since only
the operator may effect the switching operations during
the IVR procedure.

The above display changeover switches 50 corre-
spond to a display switching.instructing device of this
invention. The superimpose displaying unit 52 corre-

sponds to a superimposing device of this invention.
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The controller 20 operates the switch 51 in response to a state of the

di spl ay changeover switch 50 and a state of the nonitoring foot switch 6.
That is, when the display changeover switch 50 is in a state for ordinary
di splay, the input termnal "a" -or "b" of the switch 50 is sel ected
according to a state of the nonitoring foot swtch 6 as in the forego-

i ng enbodinent. At this tine, either the fluoroscopic inages or the nenus
are displayed on the fluoroscopic inmage display nonitors 15 and 16,

dependi ng on the
P J 40

Second Embodiment

Fig. 19 is a block diagram showing an outline of a
digital radiographic apparatus in a second embodiment
of this invention. In Fig. 19, like references are
used to identify like parts in Fig. 1 which are the
same as in the first embodiment and will not particu-
larly be described again.

The second embodiment includes a superimpose
displaying unit 52 (superimposing device) in place of
the switch 19 (display switching device) in the first
embodiment. Thus, the fluoroscopic image display
monitors 15 and 16 display the menus generated by the
GC 18 as superimposed on currently obtained fluoroscop-
ic images (see Fig. 18).

With this construction, the first or second menu
generated_by the GC 18 is constantly displayed on the
fluoroscopic image display monitors 15 and 16 as
superimposea on the fluoroscopic images throughout the
IVR procedure. Consequently, the operator may, at any
time during the IVR procedure, select radiogréphic
igage data and display modes by operating the joystick
21, while fluoroscopic images are displayed on the
fluoroscopic image display monitor 15. The engineer
may also select radiographic iﬁage data and display

modes at any time by operating the joystick 22

This is the replacement sheet
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39 state of the nonitoring foot switch 6. When t he displ ay
changeover switch 50 is in a state for superinpose display, the input
termnal "c" of the switch 50 is selected regardless of a state of t he

nmonitoring foot switch 6. Then, the fluoroscopic

- | 41

according to the menus displayed on the fluoroscopic

image display monitor 16.

The GC 18 in this embodiment corresponds to the

menu generating means in claim 2.

Third Embodiment

Fig. 20 is a block diagram showing an outline of a
digital X-ray radiographic apparatus in a third emboai—
ment of this invention. In Fig. 20, like references
are used to identify like parts in Fig. 1 which are the
same as in the first embodiment and will not particu-
larly be described again. .

The third embodiment dispenses with thé switch 19
(display switching device) in the first embodiment, and i
includes meﬂu display monitors 60 and 61 besides the
fluoroscopic image display monitors 15 and 16. The
menus generated by the GC 18 are transmitted through a
D/A converter 62 to the menu display monitors 60 and 61
to be displéyed thereon. The menu display monitor 60
is installed in the examination room, and the menu
display monitor 61 in the control room. In this
embodiment, the menu display mqnitor 60 corresponds to

" a menu display monitor of this invention installed in
the examination room, and the menu display monitor 61
to a control room menu display monitor of this inven-

tion installed in the control room.
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| rages and nenus are di splayed in superinposition on the fl uoroscopic

I mge display nonitors 15 and 16. Since the nenus are displayed at this
time, the opera- tions of the joystick 21 or 22 according to the nenus
are accepted as valid. Wth this construction, the operator may

sel ect processes according to the nmenus during the I VR proce- dure, by
operating the joystick 21, while observing the fluoroscopic imges

di spl ayed. In the above construction, one of the display changeover
switches 50 is provided on the control ggnsole 23, However, this display

changeover switch 50

With this construction, the first oxr second menu
generated by the GC 18 is displayed on the menu display
monitors 60 and 61 during the IVR procedure. Conse-
quently, the operator may, during the IVR procedure,
select radiographic image data and display modes by
referring to the menu displayed on the menﬁ display
monitor 60 and operating the joystick il. )

In the examination room, the menu display monitor
60 should desirably be disposedladjacent the reproduced
image display monitor 12 and fluoroscopic image display
monitor 15. With these monitors 12, 15 and 60 arranged
adjacent one another, the operator may operate the
joyséick 21 without ;ooking away from the monitors.
This provides improved operating efficiency.

The menu display monitor 61 in the control room is
dispensable, as are the reproduced image display
monitor 13 and fluoroscopic image display monitor 16.

In each of the embodiments described hereinbefore,
the same construction is employed for displaying the
menus in the control room as for displaying the menus
in the examination room. However, such construction
may be differentiated for each room.

In the third embodiment, for example, the repro-
duced image display monitor 13 and fluoroscopic image

display monitor 16 may be installed in the control

Thig I3 the replacement sheer.
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may be omtted fromthe control console 23 since only the operator may
effect the switching operations during the IVR procedure. The above
di spl ay changeover switches 50 corre- spond to a display swtching

i nstructing device of this invention. The superinpose displaying unit 52

corre- sponds to a superinposing device of this invention.
- 43

room. In this case, the fluoroscopic image display
monitor 16 may be used to display the menus superim-

posed on the fluoroscopic images.

The present invention may be embodied in other
specific forms without depafting from the spirit or
essential attributes thereof and, accordingly, refer-
ence should be made to the appended claims, rather than

to the foregoing specification, as indicating the scope

of the invention.

‘This is the rep!abemsm sheet

pate: 23 AUG 199



40 Second Enbodi nent Fig. 19 is a block diagram showi ng an
outline of a digital radiographic apparatus in a second enbodi nent of
this invention. In Fig. 19, like references are wused to identify |ike
parts in Fig. 1 which are the same as in the first enbodi nent and will not
particu- larly be described again.

Sheet Has Been Rei

“ T

What is claimed is:

1. 2 digital X~ray radiographic apparatus for digital-
izing and collecting X-ray penetration images of an
examinee, and reproducing the X-ray penetratiqn images
collected, said apparatus comprising:

X-ray penetrating means for obtaining the X-ray
penetration images from the examinee;

signal converting means for digitalizing the X-ray
penetration images received from said X-ray penetrating
mégns;

storaée means for storing the X-ray penetration
images digitalized by éaid sig;al converting means;

a reproduced image display monitor installed in an
examination room along with said X-ray penetrating
means, for reproducing and displaying the X-ray pene-
tration images {(hereinafter referred to as "radiograph-
ic image déta“) digitalized and stored in said storage
means; |

a'fluoroscopic image display monitor installed in
said examination room for displaying fluoroscopic
images being picke@ up by said X-ray penetrating means;

menu generating/displaying means for generating a
menu including at least a function to select radio-

graphic image data to be reproduced and displayed on

" This is the re_plaoemem sheet
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The second enbodi nent includes a superinpose displaying unit 52
(superinposing device) in place of the switch 19 (display sw tching
device) in the first enbodinment. Thus, the fluoroscopic inage dlsplay
nonitors 15 and 16 di splay the nenus generated by the - GC- 18 as '—'

superinposed on currently obtained fluoroscop- ic |nag 2 NoW d
Wth this construction, the first or second nenu genera S
constantly displayed on the fluoroscopic image display 16

as superinposed on the fluoroscopic inmaggs throughout t
Consequent |y, the operator may, at any

radiographic image data to be reproduced and displayed
on said reproduced image display monitor, and causing
said |
menu to be displayed on said fluoroscopic image display
monitor;

selecting and instrudting means installed in said
examination room for selecting and instructing func-
tions shown on said menu;

display switching means for switching said fluoro-
scopic image display monitor between a state for
displaying said fluoroscopic images being picked up by
said X-ray penetrating means and a state for displaying
said menu generated by said menu generating/displaying
means; and

control means responsive to instructions received
from said selecting and instructing means for causing
the radiographic image data to be reproduced and-

displayed 6n said reproduced image display monitor.

2. A digital X-ray radiographic apparatus for digital-
izing and collecting X-ray penetration images of an
examinee, and reproducing the X-ray penetration images

collected, said apparatus comprising:

X~ray penetrating means for obtaining the X-ray

penetration images from the examinee;

IIIIIIII |||I|| I ||I|I i owe: 7 AUG 1966
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time during the I'VR procedure, select radiographic inmge data and displ ay
nodes by operating the joystick 21, while fluoroscopic inages are

di spl ayed on the fluoroscopic image display nonitor 15. The engineer  may
dl so sel ect radiographic imge data and display nodes at any tine by
operating the joystick 22 Sheet Has Been Replaced

T

signal converting means for digitalizing the X-ray

46

penetration images received from said X-ray penetrating
means;

storage means for storing the X-ray penetration
images digitalized by said signal converting means;

a reproduced image display monitor installed in an
examination room along with said X-ray penetrating i
means, for reproducing and displaying the X-ray pene-
tration images (hereinafter referred to as "radiograph-
ic image data") digitalized and stored in said storage
means;

a fluoroscopic image display monitor installed in
said éxamination room for displaying fl&;roscopic
images being picked up by said X-ray penetrating means;

menu generating means for generating a menu
including at least a function to select radiographic
image data to be reproduced and displayed on said
reproduced image display monitor;

superimposing means. for causing said menu to be
displaved on said fluoroscopic image display monitor in
superimposition on said fluoroscopic images being
picked up by said X-ray penetrating means;

. selecting and instructing means installed in said
ékamination room for selecting and instructing func-

tions shown on said menu; and

Thig js the rep_lacerﬁerit shoet.
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41 according to the nenus displayed on the fluoroscopic imnmage display

noni tor 16. The GC 18.in this enbodi nent corresponds to the nenu
generating means in claim2. Third Enbodi nrent  -- -Fi-g.- 200is_a
bl ock di agram showi ng an outline of a digital X—ray rad| ggraphl C appar at us
in athird enbodi- nent of this invention. In Fig. ﬁmﬁi‘ I”””,“,

47

control means responsive to instructions received
from said selecting and .instructing means for causing
the radiographic image data to be reproduced and

displayed on said reproduced image display monitor.

3. A digital X-ray radiographic apparatus for.digitél-
izing and collecting X-ray penetration images of an’
examinee,'ahé feproducing the X-ray penetration images
collected, said apparatus coﬁprising:

X~-ray penetrating means for obtaining the X-ray .
penetration images from the examinee;

signal converting means for digitalizing the X-ray
penetration images received from said X-ray penetrating
means;

storage means for storing the X-ray penetration
images'digitalized by said signal converting means;

a reproduced image display monitor installed in an
examination room along with said X-ray penetrating
means, for reproducing and displaying the X-ray pene-
tration images (hereinafter referred to as "radiograph- -
ic image data") digitalized and stored in said storage
means;

a fluoroscopic image display monitor installed in
said examination room for displaying fluoroscopic

images being picked.up by said X-ray penetrating means;

Thig s the replacement sheet.
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are used to identify like parts in Fig. 1 which are the sanme as in the
first enbodinent and wll not particu- larly be described again. The
third enbodi ment di spenses with the switch 19 (display switching device)
in the first enbodi nent, and includes nenu display nonit 8tsShe@ HasBeedReplaced
besi des the fluoroscopic inage display nonitors 15 and 16.

generated by the GC 18 are transmitted through a DA conv F
menu di splay nonitors 60 and 61 to be displayed thereon. The nenu di ay
monitor 60 is installed in the exam natiofgroom and the nmenu display
monitor 61 in the control room In this '

a menu display monitor installed in said examina-
tion room;
| menu generating/displaying means for generating a
menu including at least a function to select radio-
graphic image data to be reproduced and displayed on
said reproduced image display monitor, and causing said
ménu to be displayed on said menu display monitor; )

selecting and instructing means installed in said
examination room for selecting and instructing func-
tions shown on said menu; and

control means responsive to instructions received
from said selecting and instructing means for causing
the radiographic image data to be reproduced and f |

displayed on said reproduced image display monitor.

4, A digital X-ray radiographic apparatus as defined
in claim 1, further comprising:

superimposing means for causing said menu to be
displayed on said fluoroscopic image display monitor in
superimposition on said fluoroscopic images being
picked up by said X-ray penetrating means; and

display switching instructing means for instruct--
ing said superimposing means, when one of the fluoro-

scopic images picked up by said X-ray penetrafing means

This s the raplaosment sheet.
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enbodi ment, the nmenu di splay nonitor 60 corresponds to a nenu display
nmonitor of this invention installed in the exam nation room and the menu

di splay nonitor 61 to a control roomnmenu display nonitor of this inven-

tion installed in the control room
This Sheet Has Been

. L

and said menu generated by saiq menﬁ generat-
ing/displaying means is displayed on said fluoroscopic
image display monitor, to switch to a state for dis-
playing said menu in superimposition on said fluoro-
scopic images;

characterized in that said display switching means
has a functioﬁ responsive to instructions from said’
display switching instructing means to switch said
fluoroscopic image display monitor to a state for
displaying said menu in superimposition on said fluoro-
scopic images under control of said superimposing

means.

5. A digital X-ray radiographic apparatus as. defined
in any one of claims 1 to 3, characterized in that said
selecting and instructing means is a joystick having a

pushbutton.

6. A digital X-ray radiographic apparatus as defined
in any one of claims 1 to 3, characterized in that:
said menu generated includes, besides the function
to select radiographic image data to be reproduced and
displa&ed on said reproduced imége display monitor, a

function to select a display mode for displaying said

e . Thig is the replacement sheet
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42 Wth this construction, the first or second nenu gener ated by
the GC 18 is displayed on the nenu display nonitors 60 and 61 during th

| VR procedure.

Conse- guently, the operator may, during-the-1VR- - - -

procedur e, sel ect radi ographic i mage data and di spl ay nodes by

referring to the nenu displayed on the menu display nonit By et een Replaced
operating the joystick 21. In the exam nation room t ﬂ uin
nonitor 60 should desirably be disposed adjacent the reprod '

di spl ay nonitor

10

15

10

12 and fl uoroscopic inmage spl ay

radiographic image data on said reproduced image
display monitor;

said éelecting and instructing means is operable
to select and instruct the functions shown on said
menu; and

said control means is operable to cause the
radiographic image data to be reproduced and displaied
on said repréduced image display monitor iﬁ response to
the functions selected by said selecting and instruct-

ing means.

7. A digital X-ray radiographic apparatus as defined
in any one of claims 1 to 3, further comprising:

a coqtrol room reproduced image display monitor
installed in a control room provided separately from
said examination room, for reproducing and displaying
the X-ray penetration images stored in said storage
meahs ;

a control robm menu display mohitoi installed in
said control room for displayving said menu; and

control room selecting and instructing means
installed in said control room for selecting and
instructing functions shown on said ménu displayed on
said control room menu display monitor;

characterized in that said control means is

T T T T T i - ThIS |‘8 t.hg replaoemem s‘m. et.
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nnaitor 15. Wth these nonitors 12, 15 and 60 arranged adjacent one
another, the operator may operate the joystick 21 w thout |ooking away
fromthe monitors. This provides inproved operating efficiency. The
menu display nonitor 61 in the control roomis di spensabl e, "as &are the
reproduced image display nonitor 13 and fluoroscopic iTHBSReetls Bbakep i) t OF

16. In each of the enbodi ments descri bed herei nbef
construction is enployed for displaying the nenus int lﬂ
for displaying the nenus in the exam nati@j room Howe
construction nmay be differentiated for eaCh room -

operable to cause the radiographic image data to be
reproduced and displayed on said reproduced image
display ménitor and said control room reproduced image
display monitor in response to instructions received
from one of said selecting and instructing means and

said control room selecting and instructing means.

8. A digital X-ray radiographic apparatus as defined
in claim 7, further comprising priority setting.means
for setting an order of priority for said selecting and
instructing means installed in said examination room
and said control room selecting and instructing means
installed in said control room, characterized in that
said control means is operable to cause the radiograph-
ic image data to be reproduced and displayed on said
reproduced image display monitor and said control foom
reproduced image display monitor in response to in-
structions received from one of said selecting and
instructing means and said control room selecting and
instructing means, whichever is given priority by said
priority setting means, when said selecting and in-
structing means and said control room selecting and

instructing means transmit overlappin§ instructions.

Thig I the replacement sheer.
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In the third embodi ment, for exanple, the repro- duced image display
13 and fluoroscopic image display nonitor 16 may be installed in

noni t or

t ke control 43 room In this

case, the fluoroscopic imge display Th:silsliiileltfl{inilﬂi,elni{,eﬁa
52

9. A digital X-ray radiographic apparatus as defined
in claim 7, further comprising validity selecting means
for selecting, as valid, instructions.from only one of
said selecting and instructing means installed in said
examination room and said control room selecting and
instructing means installed in said control room,
characterized in that said control means is operabié to
cause the radiographic image data to be reprqduéed and
-displayed on said reproduced image display monitor and
said control room reproduced image display monitor in
response to the instructions received from one of said
selecting and instructing means and said control room
selecting and instructing means, whichever is selected

as valid by said validity selecting means.

This Is the replacement sheet.
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mani t or 16 may be used to display the menus superim posed on the

f Luor oscopi ¢ i nages. The present invention may be enbodied in other
specific forns without departing fromthe spirit or essential attributes
thereof and, accordingly, refer- ence should be nmade to the appended
clainms, rather than to the foregoing specification, as indicating the
scope of the invention. 53 _

DIGITAL X-RAY RADIOGRAPHIC APPARATUS

ABSTRACT

X-ray penetration images picked up by an X-ray penetrating device are
supplied to an image procéssor (10), and stored in a Ihagnetic disk unit (11) as radiographic
image data. The radiographic image data are reproduced on a; reproduced image display
monitor installed in an examination room. The examination room further includes a
fluoroscopic image display monitor for selectively displaying the fluoroscopic images and
menus. The menus include functions to select radiographic image data for reproduction on
the reproduced im;ge display monitor (12, 13) and to select a display mode. The functions
shown on the menus may be selected and instructed by operating a joystick. During a
procedure of interventional radiology, an operator operétes the joystick to select and instruct
desired radiographic image data to be reproduced. A display mode for enlarging reproduced
images may be selected as necessary.

Fig. 1

Thig I8 the replacement shet.

Date: 2 3 AUG 1936



o

.44 LAl REPLACEMENY §HEETS X- r¥§ _
““r'adi ogr aphi ¢ apparatus for digitalizing and |c& Desariptign xpageg :pettepegedi.on
i mages of an exami nee, and reproducing the X- Ch{flam(t r apaged .. ategpaged .....
*col l ected, said apparatus conpri sing: XJ2 Byawiage) © pagedd/! Briea pageiddi!®

-

obtaining the X-ray penetration inmages from} Thabsteacan neaged.”. to pagegnal
converting neans for digitalizing the X-ray jpenetrati on i nmage ée m
from said X-ray penetrating neans; stiosger r(ﬁamlpqtrr@fd )

X-ray penetration imges digitalized by sai -
a reproduced i mage display nonitor installed in an exam nati on room al ong
wth said :

1/13
—
—
} N . 9
I K72 AN
- R N
‘ > 2 %%
59| A58]
Q (M o
~t - “
N Q
& i
Q
1 m8 S o
:’2 E = Q @ N o~
-+~ - |
\_. ™ . 2 Q
g P (3] )
gl © 1=
[90 - Q1 6
- Ao N O :
%
0
\
X - ©
O
A
- F S
wn /. I 0)"5
) S E—— _c_:f,l__)
— N . - ‘900}
. .. [ aand & _£>U1
& | 2
— ~T
lL .
(\; & ~ A
N w0
| | = P | J

This 18 the replacement sheet.

Dats: 2 3 AUG 1996



X-ray penetrating neans, for reproducing and displaying the X-ray
penetration inmages (hereinafter referred to as "radi ographic i mage data")
digitalized and stored in said storage neans; a fluoroscopic inage
di splay nonitor installed in said exam nation room for displaying

fl uoroscopic i mages being picked up by said X-ray penetrating neans;

menu generating/di splaying neans for generating a nenu including at |east a
function to select radiographic inage data to be reproduced and di spl ayed
on said reproduced image display nonitor, and causing said nmenu to be

di spl ayed on said fluoroscopic inage dia&l y nonitor; . selecting and
instructing neans installed in said exa hdti on roomfor selecting and
i nstructing functions shown on said nenu: di splay switching neans for

switching said quorosgﬁﬁic ijage di splay nonitor between a state for
di splaying said fluoro x:ZA%ages bei ng picked up by said X-ray.

FI1G.2B
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penetrating neans and a state for displaying said nenu generated by said
menu generating/di splaying nmeans; and

45 control neans responsive to instructions received fromsaid
selecting and instructing neans for causing the radi ographic imge data to
be reproduced and di spl ayed on said reproduced i nmage display nonitor. 2.

A digital X-ray radiographic apparatus for digitalizing and collecting
X-ray penetration inmages of an exan1ne§[5?nd reproduci ng the X-ray
penetration inages collected, said appardtus conprising:

F1G.3
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image data
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_____ RAQ _60° . | A1
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X-ray penetrating nmeans for obtaining the X-ray penetration imges fromthe
exam nee; signal converting neans for digitalizing the X-ray
penetration images received from said X-ray penetrating neans;

storage neans for storing the X-ray penetration inmages digitalized by said
si gnal converting neans; a reproduced i nmage display nonitor installed
in an exam nation roomalong with said X-ray penetrating neans, for
reproduci ng and di spl aying the X-ray pegftgation i mges (hereinafter
referred to as "radiographic inage data”) digitalized and stored in said

st orage neans; a fluoroscopic inmage display nonitor installed in said
exam nation room for dqswtgyzng fl uoroscopi ¢ i nages bei ng pi cked up by
said X-ray penetrating neans; © menu generating nmeans for generating a

menu including at |least a function to select radiographic inmge data to be
reproduced and di spl ayed on said reproduced i mage di splay nonitor;
superi nposi ng nmeans for causing said nenu to be displayed on -said
fl uoroscopic ' :
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i mge display nonitor in superinposition on said fluoroscopic inmages being
pi cked up by said X-ray penetrating neans; sel ecting and
instructing neans installed in said exam nation roomfor selecting and
instructing functions shown on said nenu; and

46 control neans responsive to instructions received fromsaid

sel ecting and instructing neans for causing the radi ographic inmage data to
be reproduced and di spl ayed on said reproduced image di splay nonitor. 3.

A digital X-ray radiographic appara%yi for digitalizing and collecting
X-ray penetration inmages of an-exam 3e, and reproduci ng the X-ray -
penetration i nages coll ected, said
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apparatus conpri sing: X-ray penetrating nmeans for obtaining the X-ray
penetration inages fromthe signal converting neans for digitalizing
the X-ray penetration inages received from said X-ray penetrating neans;
storage neans for storing the X-ray penetration inmages digitalized by said
signal converting neans; a reproduced i nmage display nonitor installed
I n an exam nation roomalong with said X-ray penetrating neans, for

repr oduci ng and di splaying the X-ray penetration inmages (hereinafter
referred to as "radi ographi c i mage dafﬁﬂé digitalized and stored in said
storage neans; a flueroscopic i e display nonitor installed in

sai d exanination room for displaying fluoroacopic i mges being picked up by -
said X-ray penetrating neans; FI G, nenu display nonitor installed in said
exam nation room menu generatlng/dlsplaylng means for generating a

menu including at |east a function
KS

[
/
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to sel ect radi ographic i mage data to be reproduced and di spl ayed on said
reproduced i nage display nonitor, and causing said nenu to be displayed on

said nenu display nmonitor; . selecting and instructing nmeans installed
in said exam nation roomfor selecting and instructing functions shown on
said nenu; and 47

control neans responsive to instructions received fromsaid sel ecting and
instructing means for causing the rad%gﬁiaphit i mge data to be reproduced
and di spl ayed on sai d reproduced i mage play nonitor. 4. A digital
X-ray radiographic apparatus as defined inclaim1, further conprising:
superi nposi ng neans for usjing said nmenu to be_displayed on said

fl uoroscopic Ffé 92\ FIG §B
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i'mage display nonitor in superinposition on said fluoroscopic inages being
pi cked up by said X-ray penetrating neans; and di splay sw tching
~instructing neans for instructing said superinposing nmeans, when one of

t he fl uoroscopic i mages picked up by said X-ray penetrating nmeans.and said
menu generated by said nenu generating/displayinh neans is displayed on
said penetration image display nonitor, to switch to a slate for

di splaying said nenu in superinposition on said fluoroscopic inages;
wherein said display switching means h&/13 function responsive to
instructions from said display switching instructing neans to switch said
fl uoroscopi c i nage di ptor to a statgsfer,digplaying said nenu in
superinposition on saﬁghgﬁug?gécopic inages.uﬁgés'ngatrol of said

superi nposi ng neans. 5 ﬁjgital X-ray radi graphic apparatus as defined
inclaiml, wherein said s écting and instrd@ i'ng means is a joystick
havi ng a pushbutt rgrtal X-ray r|drographijc appprat-up as defined
in claim2, where i : - 1.

n said sel
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and instructing nmeans is a joystick having a pushbutton. 7. A digital
X-ray radi ographic apparatus as defined in claim3, wherein said selecting
and instructing means is a joystick having a pushbutton. 8 A digital
X-ray radiographic apparatus as defined in claim1, wherein: sai d
menu generated by said nmenu generating/displaying neans includes, besides
the function to select radi ographic inmage data to be reproduced and

di spl ayed on said 48 reproduced i mage display nonitor, a function
to select a display node for displaying said radiographic i mage data on
sai d reproduced i'mage di splay nonitor; - said selecting and instructing

means is operable to select and i nstrué/1Bhe functions shown on said nenu;
and

FIG.13A FIG.13B

SP2 I'

'SP1
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said control neans is operable to cause the radiographic inmage data to be
reproduced and di spl ayed on said reproduced i mage display nonitor in
response to the functions selected by said selecting and instructing
means. 9. A digital X-ray radiographic apparatus as defined in claim 2,
wherein said nenu generated by said nenu generating nmeans includes,
besides the function to select radiographic inage data to be reproduced
and di spl ayed on said reproduced i mage display nonitor, a function to

sel ect a display node for displaying sai §igfE8li ographic i mage data on said
reproduced i mage di splay nonitor; said selecting and instructing nmeans
is operable to seIecthq§ LE truct the functions shown on said nenu; and
said control neans is OpEriabFe to cause the radiographic inage data to be
reproduced and di spl ayed on sai d Keproduced i mage di splay nonitor in
response to the functions sel ect fd selecting and instructing
nmeans. 10. A digital
wher ei n:

FIG.16

This 12 the replacement sheet.
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di splay nonitor, a function to select a display node for displaying said
radi ographic image data on said reproduced i nage di splay nonitor;

said selecting and instructing nmeans is operable to select and instruct the
functions shown on said nenu; and

49 said control neans is operable to cause the radiographic inmage
data to be reproduced and displayed on said reproduced i mage display
monitor in response to the functions selgqRed by said sel ecting and
instructing neans. 11. A digital X-ray radi ographi c apparatus as defined

in claiml, further conpri-sing: a control room reproduced inmage
display nonitor installed in a control room provi ded
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separately from said exam nation room for reproducing and displaying the
X-ray penetration inmages stored in said storage neans; ~a control room
nenu di splay nonitor installed in said control roomfor displaying said
menu; and : control roomselecting and instructing neans installed in
said control roomfor selecting and instructing functions shown on said
menu di spl ayed on said control room nenu display nonitor; wherei n
said control nmeans is operable to cause the radiographic inage data to be
reproduced and di spl ayed on said reproduced i mage di splay nonitor and said
control room reproduced inmage display nonitor in response to instructions
received fromone of said selecting and IZ@E}ucting nmeans and said control
room sel ecting and instructing neans. - 12. A di.gital X-ray radi ographic
apparatus as defined in claim2, further conprising: a control room !
reproduced i mage display nonitor installed in a control room provided

separately from sard—exammatton-toom—for—reproductng—and—arsp| ayi ng the
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penetration i mages stored in said storage neans; a control room nenu
display nonitor installed in said control roomfor displaying said nenu;
and control room selecting and instructing nmeans installed in said
control roomfor selecting and instructing functions shown on said nenu

di spl ayed on said control roomnmenu display nonitor;

50 wherein said control neans is operable to cause the radi ographic
i mage data to be reproduced and displiﬁgf on sai d reproduced i mage displ ay
noni tor and said control room reprodutddl3 mage display monitor in response
to instructions received fromone of said selecting and instructing neans -
and said control roomselecting and instructing neans. 13. A digital X-ray
radi ographi ¢ apparatus as defined in claim3, further conprising: a
control room reproduced i nage display nonitor installed in a control room
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and i nst rradiogmphigeanparats, for digitelizing and &01&9388 'ﬁYoﬂm dmagesapfl apont r ol
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from one %ﬁﬂfﬁﬂa phopci Pl 56 olllofnf W Ry hettiib Hileel Bom BT ¥
sel ecti n&gmﬁﬂﬂe ﬂgﬁﬂ%hvdimgnggﬁﬁﬁ‘iﬁafdﬂ@lﬁm theSX Gty PBnelratioh ihiged redeled
priority Setting neans en sa

from said X-ray penetraung means; storage means for storing the X-ray penetration images
digitalized by said signal copverting means; a reproduced image display monitor installed in

an exammauon room along with said X-ray penetrating means, for reproducing' and
displaying the X-ray penetration images (hereinafter referred to as “radiographic image
data”) digitalized and stored in said storage means; & fluoroscoplc image display monitor
installed in said examination room for displaying fluoroscopic images being picked up by
said X-ray penetrating means; menu generating/displaying means for generating a menu
including at least a function to select radiographic image data to be reproduced and
displayed on said reproduced image display monitor, and causing said menu to be displayed

on said fluoroscopic image display monitor; selecting and instructing means installed in said
examination room for selecting and instructing functions shown on said menu; display
sitching means for switching said fluoroscopic image display mqnitor between a state for
displaying said fluoroscopic images being picked up by said X-ray penetrating means and a
state for displaying said menu generated by said menu generatingfdis;playing means; and
control means responsive to instructions received from said selecting and instructing means

for causing the radiographic image data to be reproduoed and displayed on said reproduced

image display monitor.
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51 .selecting and instructing neans and said control room sel ecting and
instructi-ng means transnit overl apping instructions. 15. A digital X-ray
radi ogr aphi ¢ apparatus as defined in claim12, further conprising priority
setting means for setting an order of prigrity for said selecting and
instructing nmeans installed in said exani nati on roomand said control room
sel ecting and instructing nmeans

According to still another aspect of the present invention there is provided a digital X-

ray radiographic apparatus for digitalizing and collecting X-ray penetrauon images of an
examinee, and reproducing the X-ray penetration images collected, said apparatus
comprising: X-ray penetrating means for obtaining the X-ray penetration images from the
examinee; signal converting means for digitalizing the X-ray penetration images received
from said X-ray penetrating means; storage means for storing the X-ray penctration images
digitalized by said signal converting means; a reproduced image display monitor installed in
an examination room along with said X-ray penetrating means, for reproducing and
displaying the X-ray penetration images (hercinafter referred to as "radiographic image
data”) digitalized and stored in said storage means; a fluoroscopic image display monitor
. installed in said examination room for displaying fluoroscopic images being picked up by
said X-ray penetrating means; menu generating means for generating a meny including at
least a function to select radiographic image data to be reproduced and displayed on said
reproduced image display monitor; superimposing means for causing said memu to be
displayed on said fluoroscopic image display monitor in superimposition on said
fluoroscopic images being picked up by said X-ray penetrating means; selecting and
instructing means installed in said examination room for selecting and instructing functions
shown on said menu; and control means responsive to instructions received from said
selecting and instructing means for causing the radiographic image data to be reproduced
and displayed on said reproduced image display monitor.

According to still another aspect of the present invention there is provided a digital X-
ray radiographic apparatus for digitalizing and collecting X-ray penetration images of an
e):aminee, and reproducing the X-ray penctration images collected, said apparatus
compriging: X-ray penetrating means for obtaining the X-ray penetration images from the
examinee; signal converting means for digitalizixig the X-ray penetration images received

from said X-ray penctrating means; storage means for storing the X-ray penetration images

Thig is the replacement stwet.
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install.ed in said control room wherein said control neans is operable to
cause the radiographic image data to be reproduced and di spl ayed on said
reproduced i mage display nonitor and said control roomreproduced. i mage
di splay nonitor in response to instructions received fromone of said
selecting and instructing neans and said sontrol room sel ecting and

I nstructing neans, whichever is given priority by said priority setting
means, when said selecting and instructing neans_and said control room

sel ecting adigializedycseid Yignabeonyerting means: @ rerreduced imagg display menitop estalled in A
digital X-ray radiogqraphic ararus as.defined i.n claim 13, further
conpri si ng HP‘GH“P@"&&PP%SI% ¥t 83id - Xy jnefe rrﬂans'o%m'prrﬁgﬁiméf‘d
sai d sel ect| ' 3 | gﬁ“@@%n%p thethe | ' ] ' r and
sai d contropﬁg%g%gs%??g?ﬁlgé%% I nstr cﬂl%% manrgfeﬁ‘?élg?gﬁ{w&m&
control roogW@iERAIReS And s InOtaid RBAGe infeal A" AdtrGichisic (M dishlly monitor
radi ographi c i mage data to be reproduced and di spl ayed on said reproduced

i mage di spl instaitediin exid exsminatioh movmt fayl disptaying r fluorascepie tinages heingi pighedyup by
monitor in response to instructions received fromone of said selecting and
i nstruct i ngSaid Xrtay-peyeating means; d MeRY Firplay pmonitpn, instaliad in; said examination roems

Sel ecti g amedh Aenerene P, medny e polrrui  Gleny GAHE B IeFH P Singion 1o

| nstruct| ngsﬁ&?r}ﬁdiographic image data to be reproduced and displayed on said reproduced Mge
display monitor, and causing said menu to be displayed on said menu display monitor;
selecting and instructing means installed in said examination room for selecting and
instructing functions shown on said menu; and control means responsive to instructions
received from said selecting and instructing means for caunsing the radiopraphic image data
to be reproduced and displayed on said reprbduced image display gloniwr.

+  With these apparatus, radiographic image data to be reproduged may be selected and
instructed by operating the selecting and instructing device installed in the examination
room., Thus, the operator himself or herself can carry out the selecting and instructing
operation. As a result, the radiographic image data desired by the operator during an IVR
procedure may be reproduced immediately. The menmu showing the control functions
performed in response to operation of the selecting and instructing device is displayed on the |
monitor (on the fluoroscopic image display monitor in the apparatus according to the first
and second aspects of this inveation, or on ‘the memu display monitor in the apparatus
according to the third aspect of the invention) installed in the examination room. The

Thig is the replacsemen sheet.

ogte: | 6 DEC 1897



transmt overlapping instructions. 17. A digital X-ray radiographic
apparatus as defined in claim11, further conprising validity selecting
means for selecting, as valid, instructions fromonly one of said selecting
and instructing nmeans installed in said exam nation room and said control
room sel ecting and instructing neans inst® led in said control room
wherein said control neans is operable

52 to cause the radi ographic image dat‘%@mé)é reproduced and di spl ayéd on
said reproduced image display nonitor Said control room reproduced,

ar 0 sel oot Fhg BB o o e ol XL ppame
i nstructi ngifRReof Miekhiniies, dml fepraiuting the X-pdy eretrationi dmaged i cbllegted, said
apparatus comprising:
. . X-ray penetrating means for- obtaining the X-ray penetr.ation images from the
m; ‘

signal converting means for digitalizing the X-ray penetration images received from
said X-ray penetrating means;

storage means for storing the X-ray penetration images digitalized by said signal
converting means; '

a reproduced image display monitor installed in an examination room along with said
X-ray penetrating means, for reproducing:and displaying the X-ray penetration images
(hereinafter referred to as “radiographic image data”) digitalized and stored in said storage’
means;

a fluoroscopic image display monitor installed in said examination room for displaying
fluoroscopic images being pickéd up by said X-ray penetrating means;

* ‘. menu generating/displaying means for generating a memu including at least a function
to select radiographic image data to be reproduced and displayed on said reproduced image
display monitor, and causing said menn to be displayed on said fluoroscopic image display
monitor; | _

selecting and insi:ructing means installed in said examination room for selecting and
instructing functions shown on said menu; |

display switching means for switching said fluoroscopic image display monitor
between a state for displaying said fluoroscopic images being picked up by said X-ray

penetrating means and a state for displaying said menu generated by said menu

generating/displaying means; and
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selecting neans. 18. A digital X-ray radi ographic apparatus as defined in
claim 12, further conprising validity selecting neans for selecting, as
valid,. instructions fromonly one of said selecting and instructing nmeans
installed in said exam nation roomand said control room selecting and
instructing means installed in said cont ™8l room wherein said control
nmeans i s operable to cause the radi ographic |nage data to be reproduced and

P e kg A ity 995 sl B S, echn il i

reproduced image tor In response |ons recelved

from one of foresaféihg M6k Adiibgraphic ﬂﬁdgbrkﬁtnn’ﬁﬁﬁé réprodvead dn@@idpl@bd onoguid

sel ecting an |nstruct|ng means, whi chever is selected as valid by said
validity se wmesimplaysnonnom gital X-ray radiographic apparatus as

defined in cI aim 13, further conprisin validity selecting neans for
sel ecting, 3s vAldigital Xeesyrediographi mﬁ%w o5 digitalizigg %M‘%@%&rﬁﬁgenmm

el ect i ng RS it T SRR trc e MPFRBARR O 1 PR AedeS SRSCRE, wid
said control pr;?&usscdﬁprﬁﬂlir abl e

X-ray penctrating means for obtaining the X-ray penefration images from the
examinee; .

signal converting means for digitalizing the X-ray penetmuon images received from -
said X-ray penetrating means;

storage means for storing the X-ray penetration images dig:tahzed by said signal
copverting means;

a reproduced image display monitor installed in an examination room along with said
X-ray penetrating means, for reproducing and displaying the X-ray penetration images
(hereinafter referred to as "radiographic image data”) digitalized and stored in said storage
means;

a fluoroscopic image display monitor installed in said examination room for displaying
fluoroscopic jmages being picked up by said X-ray penetrating means;

menu generating means for generating a memu including at least a function to select
rafdiographic image data to be reproduced and displayed on said reproduced image display
monitor;

* superimposing means for causing said menu to be displayed x;n said fluoroscopic
image display monitor in superimposition on said fluoroscopic images being picked up by
said X-ray penetrating means;

selecting and instructing means installed in said examination room for selecting and

instructing functions shown on said menu; and

Thig.Is the raplacement sheet.
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to cause the radi ographic image data to be reproduced and di spl ayed on said
reproduced Prage display nonitor and said control roomreproduced i nmage

di splay nonitor in response to the instructions received fromone of said .
selecting and instructing neans and said control room selecting and

I nstructi ng neans, whichever is selected 4% valid by said validity

sel ecti ng neans. *C L M "S

control means responsive to instructions received from said selecting and instructing
means for causing the radiographic image data to be reproduced and dmplayed on said
reproduced image display monitor, ’
3. A digital X-ray radiographic apparatus for digitalizing and collecting X-ray penetration
images of an examinee, and reproducing the X-ray penetration images collected, said
apparatus comprising:

X-ray penetrating means for obtaining the X-ray penetration images from the
examinee;

signal converting means for digitalizing the X-ray penetration images received from
u&iXﬁmypwmﬁmﬁngnmmm;

storage means for storing the X-ray penetration images digitalized by said signal
converting means; ‘

e reproduced image display monitor installed in an examination room along with said
X-ray penetrating means, for reproducing and displaying the X-ray penetration images
(hereinafter referred to as “radiographic image data") digitalized and stored in said storage
means; .

a fluoroscopic image display monitor installed in said examination room for displaying
fluoroscopic images being picked up by said X-ray penetrating means;
a menu display monitor installed in said examination room;
menu generating/displaying means for generating a menu including at least a function
. tqselect radiographic image data to be reproduced and dlsplayed on said reproduced image
display monitor, and causing said menu to be displayed on said menu display monitor;
selecting and instructing means installed in said examination room for selecting and

instructing functions shown on said menu; and
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control means responsive lo instructions received from sajd selecting and instructing
means for causing the radiographic image data to be reproduced and displayed on said
reproduced image display monitor.
4. A digital X-ray radiographic apparafus as defined in claim 1, further comprising:
- superimposing means for causing said mem to be displayed on said fluoroscopic
image display monitor in superimposition on said fluoroscopic images being picked up by
said X-ray penetrating means; and

display switching instructing means for instructing said superimposing means, when
one of the fluoroscopic images picked up by said X-ray penetrating means and said mem
generated by said menu generating/displaying means is displayed on said penetration image
display monitor, to switch fo a state for displaying said menu in superimposition on said
fluoroscopic images; |

wherein said display switching means has a function responsive to instructions from
said display switching instructing means to switch said fluoroscopic image display monitor
t0 a state for displaying said menu in superimposition on said fluoroscopic images under
centrol of said superimposing means. | .
5. A digital X-ray radiographic apparatus as defined in claixﬂ 1, wherein said selecting
and instructing means is a joystick having a pushbutton.
6. A digital X-ray radiographic apparatus as defined in claim 2, wherein said sélecting
and instructing means is a joystick having a pushbutton.
7. A digital X-ray radiographic apparatus as defined in claim 3, wherein said selecting
and instructing means i8 a joystick having a pushbutton. '
8. A digital X-ray radiographic apparatus as defined in claim 1, wherein:

said menu generated by said menu generating/displaying means includes, besides the

function to select radiggraphic image data to be reproduced and displayed on said

Thia'}fs the repiacement’ sheet
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reproduced image display monitor, a function to select a display mode for displaying said
radiographic image data on 8aid reproduced image display monitor;

said selecting and instructing means is operable to select and instruct the functions
shown on said menu; and _ |

said control means is operable to cause the radiographic image data to be reproduced
and displayed on said reproduced image display monitor in response to the functions selected
by said selecting and instructing means.
9. - A digital X-ray radiographic apparatus as defined in claim 2, wherein:

said menu generated by said menu generating means includes, besides the function to
select radiographic image data to be reproduced and displayed on said reproduced image
d.is_play monitor, a function to select a display mode for displaying said radiographic image
data on said reproduced image display monitor; a

said selecting and instructing means is operable to select and instruct the functions
shown on said menu; and

said control means is operable to cause the radiographic image data to be reproduced
and displayed on said reproduced image display monitor in response to the functions selected )
by said selecting and instructing means, _
10. . A digital X-ray radiographic apparatus as defined in claim 3, wherein:

said menu generated by said meny generating means includes, besides the function to
select radiographic image data to be reproduced and displayed on said reproduced image
display monitor, a function to select a display mode for displaying said radiographic image
data on said reproduced image display monitor; .

said selecting and instructing ﬂluns is operable to select and instruct the functions

shown on said menu; and
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said control means is operable to cause the radiographic image data to be reproduced
and displayed on said reproduced image display monitor in response to the functions selected
by said selecting and instructing means.

11. A digital X-ray radiographic apparatus as defined in claim 1, further comprising:

a control room reproduced image display monitor instafled in a controf room provided
separately from said examipation room, for reproducing and displaying the X-ray
peixetration images stored in said storage means;

a control room menu display monitor installed in said control room for digplaying said
menu; and

control room selecting and instructing means installed in said control room for
selecting and instructing functions shown on said menu displayed on said control room menu
display monitor; |

wherein said control means is opersble to cause the radiographic image data to be
reproduced and displayed on said reproduced image display monitor and said control room
reproduced image display monitor in response to instructions received from one of said
selecting and instructing means and said control room selecting and instructing means.

12. A digital X-ray radiographic apparatus as defined in claim 2, further comprising:

a control room reproduced image display m"onitor installed in a control room provided
seﬁaramly from said exam.inationl room, for reproducing and displaying the X-ray
penetration images stored in said storage means;

a control room menu display monitor installed in said control room for displaying said
meni; and '

control room selecting and instructing means installed in sajd control room for
selecting and instructing functions shown on said menu displayed on said control room menu

display monitor;
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wherein said control means is operable to cause the radiographic image data to be
reproduced and displayed on said reproduced image display monitor and said control room
reproduced image display monitor in response to instructions received from one of said
selecting and instructing means and said control rodm selecting and instructing means.
13. A digital X-ray radiographic apparatus as defined in claim 3, further comprising:
' a control room repi'oduced image display monitor installed in a control room provided
separately from said examination room, for reproducing and displaying the X-ray
penetration images stored in said storage means;

s & control room menu display monitor installed in said control ‘room for displaying said

menu; and .

coutrol room selecting and instructing means installed in said control room for
selecting and instructing functions shown on said menu displayed on said control room menu
display monitor;

wherein said control means is operable to causc the radiogtaphic image data to be
reproduced and displayed on said reproduced image display monitor and said control room
reproduced image display monitor in response to instructions received from one of said
selecting and instructing means and said control room selecting and instructing means.
14, A digital X-ray radiographic apparatus as defined in claim 11, further comprising
priority setting means for setting an order of priority for said selecting and instructiﬁg means
installed in said examination room and said control room selecting and instructing means
installed in said control room, wherein said control means .is operable to cause the
radivgraphic image data to be reproduced and displayed on said repro&uced image display
monitor and said control room reproduced image display monitor in response to instructions
received from one of said selecting and instructing means and said control room selecting

and instructing means, whichever is given priority by said priority setting means, when said
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selecting and instructing means and said control room selecting and instructing means
transmit overlapping instructions. -

15. A digital X-ray radiographic apparatus as defined in claim 12, further comprising
priority setting means for setting an order of priority for said selecting and instructing means
installed in said examination room and said control room selecting and instructing means
instailed in said control room, wherein said control means i3 operable to cause the
radiographic image data to be reproduced and displayed on said reproduced image display
monitor and said control room reproduced image display monitor in résponse to instructions
received from one of said selecting and instructing means and said control room selecting
and instructing means, whichever is given priority by said priority setting means, when said
selecting and instructing means and said control room selecting and instructing means
transmit overlapping instructions.

16. A digital X-ray radiographic apparatus as defined in claitr; 13, further comprising
priority setting means for setting an order of priority for said selecting and instructing means
installed in said examination room and said control room selecting and instructing means
installed in said control room, wherein said confrol means is operable to cause the
radiographic image data to be reproduced and displayed on said reproduced image display
monitor and said control room reproduced image display moqimr in response to instructions
received from one of said selecting and instructing means and said control room selecting
and instructing means, whichever is given priority by said priority setting means, when said
selecting and instructing means and said control room selecting and instructing means

* transmit overlapping instructions, .

17. A digital X-ray radiographic apparatus as defined in claim 11, further comprising
validity selecting means for selecting, as valid, instructions from anly one of said selecting
and instructing means installed in said examination room and said control raom selecting

and instructing means installed in said control room, wherein said control means is operable
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to'cause the radiographic image data to be reproduced and displayed on said reproduced
image display monitor and said control room reproduced image display monitor in response
to the instructions received from one of said selecting and instructing means and said control
m:)in selecting and instructing means, whichever is selected as valid by said validity
selecting means.

18. A digital X-ray radiographic apparatus as defined in claim 12, further comprising
validity selecting means for selecting, as valid, instructions from only one of said selecting
and instructing means installed in said examination room and said control room selecting
and instructing means installed in said control room, wherein said control means is operable
to cause the radiographic image data to be reproduced and displayed on sald reproduced
image display monitor and said control room reproduced image display monitor in response
to the instructions received from one of said selecting and instructing means and said control
room selecting and instructing means, whichever is selected as vali'd by said validity
selecting means.

19+ A digital X-ray radiograpbic apparatus as defined in claim 13, further comprising
validity selécting means for selecting, as valid, instructions from only one of said selecting
and instructing means installed in said examination room and said control room selecting
and instructing means installed in said control room, wherein said control means is operable
to cause the radiographic image data to be reproduced and displayed on said reproduced
image display monitor and said control room reproduced image display monitor in response
to the instructions received from one of said selecting and instructing means and said control
room selecting and instructing means, whichever is sclected as valid by said validity

selecting means.
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